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SYNOPSIS

This thesis examines the possibility that the adminis-

tration of analogues of phenylal-anine such as ß-2-thienylalani-ne,
cycloleucine, parachlorophenylaJ-anine or phenylaJ-aninoÌ might

be used as treatment agents in phenylketonuria. Elevated serum

phenyÌalanine appears to be the mechanism whereby the virtual
absence of effective phenylalanine hydroxylase in classical phenyl-

ketonuria leads to brain damage. The reduction of these elevated

Ievels by a strict low phenylalanine diet prevents the brain

danage in phenyÌketonuria.

Because the analogues cited above could possibly

reduce the absorption of phenyì-alanine (fron ingested food) by

the small intestine and the reabsorption of phenylalanine by

the proximal renal tubule (fron the glomerular fil-trate) they

could lower serum phenylalanine and hence be potential treatment

agents for phenyfketonuria.

The initial- study exanined the effect of intravenous

B-Z-thienylalanine on the urinary excretion of phenylalanine

in Rhesus monkeys rendered hyperphenylalaninaemic by the simultaneous

infusion of phenylalanine. It showed that ß-2-thienylalanine
doubled urinary excretion of phenylalanine.
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The next study was conducted on Rhesus monkeys usitrg

cycì-oleucine and parachlorophenylalanine in a sirnilar fashion

but the monkeys were also infused with inulin so that glomerular

fil-tration could be measured. This showed that both produced

substantial increases in urinary excretion of phenylalanine by

hyperphenylalaninaemic monkeys, but not by inhibiting renal tubular
reabsorption of phenylalanine, rather, they increased glomerular

filtration.

The effect of ß-2-thienylalanine, cycloleucine and

parachlorophenylalanine on the intestinal absorption of phenylalanine

in Rhesus monkeys r,ì¡as examined and each analogue reduced absorption
of phenylalanine.

CycÌoleucine was known to be relatively non-toxic
to humans and parachlorophenylalanine quite toxic to a range

of experimental animals, but little is known about the toxicity
of ß-z-thienylalanine, so a long term feeding of B-2-thienylalanine
was undertaken to infant monkeys, both with and without phenyl-

alanine. hlith the possible exception of predisposing to Shigella
enteric infection, ro toxic effects of ß-2-thienylalanine was

found clinically or in the haematological indices studied.

The ß-2-thienylaJ-anine appeared to be partial-1y effective
in preventing the phenylketonuria symptoms that occurred in infant
monkeys when phenylalanine alone was fed to them (3 grams/kg/day).

hlith no ill effect from B-2-thienyl-alanine noted,

it was believed justified to give an acute load of it to phenyl-

ketonuria patients and z1ng/kg/nr. was given intravenousì-y in
saline. This increased phenylalanine excretion by 2.25 fold
when compared to saline alone. An oraf load of phenylalanine

ZOngfkg \4¡as found to reduce the absorption of phenylalanine from

a 100mg/kg load bV 47/".

Because of the possibility that cycJ-oleucine might

be successful in lowering serum phenylalanine levels, and the

fact that it has been used as an anticancer therapy, it was given

orally over one month in dail-y dose of 2Ong/kg. It did not lower

serum phenylalanine l-evels compared to a pl-acebo capsule given

for 1 control month.
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As phcnylketonuric nlan is the only known animal with
no effective phenylalanine hydroxylase, it was decided to see

if the variable phenyl-alanine levels and the .fact that the clinical
pr('rtc(ìt.ion achicvetì by B-2-thi.cn.ylal.anine was onJy partial , may

Itavc bt:cn clue t.o inhibition of phcnylalanine hydroxyl.ase - such

inhibition would have increased serum phenylalanine thereby
countering its beneficial effect on l-owering serum phenylalanine
by intestinal- and renal- mechanisms. This rdas done in vitro with
rat phenylalanine hydroxylase and ß-2-thienylalanine was found
to inhibit radioactive phenylaì-anine to tyrosine conversion,
but not as powerfully as parachlorophenyJ-alanine. cycl-oleucine
was not an inhibitor of phenylalanine hydroxylase at al-Ì. The

ability of the anarogues to inhibit phenylaranine hydroxyl-ase
in vivo \4/as measured by their impairment of the conversion of
intraperitoneaì-ry injected universally'uc labelled phenylal-anine
to t *c carbon dioxide; by thj-s method parachlorophenylaranine
was found to be an effective inhibitor of phenylalanine hydroxylase
whil-e neither cycloleucine nor B-2-thienylalanine rvere.

An unresolved problem was how much increased glomerular
filtration rate accounted for the increased phenylalanine excretion
in the face of ß-2-thienylalanine and whether the mechanism whereby
any stimuration of gì-omerurar fil-tration rate occurred might
be potentiarry harmful to phenylketonuria patients. As the monkey

was no longer avail-ab1e to the candidate, he examined cardiac
and renal parameters in the anaesthetized dog. rt r4/as f ound

that gromerurar filtration rate was stimul-ated but onry over
the first observation period of 30 minutes, and that this was

accompanied by a rise in renal- plasma fl-ow but no change in cardiac
output, cardiac work nor change in peripheral or pulmonary resis-
tance. rt !{as concluded that such stimulation of glomerular
fil-tration rate would not pose a threat to the patient. No

inhibition of renal- reabsorpti-on of phenylalanine hras d.emonstrable
in these studies.

Because of confì-icting resurts of the effect of
ß-2-thienylalanine on renar reabsorption of phenyraì_anine in
different species (monkey, man and dog) and under difficult experi-
mental conditions, it h¡as decided to examine its effect on an
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isolated system. The isolated brush border vesicles from the
proximal tubule of the rat kidney h/as chosen. It was found that
B-2-thienylalanine and cycloleucine !úere inhibitors in this system

but a new analogue, phenylalaninol, was not

AII- previous studies described in this synopsis which

had examined the effects of intestinal absorption had really
measured ed{ec-tlve alszonptlon of phenylalanine because they
used the whole animal and l-ooked at rises of blood phenylalanine
l-evel. Thus, the effects that the absorbed analogue might have

had on renal excretion or hepatic (or other) metabol-ism of phenyl-
alanine hrere included in this measurenent. To examine more

critically the role of the small intestine, the everted gut sac

of the rat was used. Although more physiological than isolated
brush borders (which can be prepared from the intestine), it
hlas a system to which Michael-is-Menton kinetics could be applied.
It was found that cycl-oleucine was the best inhibitor of phenyl-
aranine uptake, B-z-thienyralanine did inhibit but least while
phenylalaninol was intermediate in its ability to reduce phenyl-
alanine transport into the gut wall.

As a final check on the toxicity or otherwise of
B-2-thienylalanine, human fibrobÌast cultures hrere exposed to
it alone or in combination with phenylaì-anine, and the growth

of the fibrobl-asts compared to those exposed to phenylaranine
alone or control- cell-s to which no amino acids were added.

ß-2-thienylalanine did not appear to be toxic unless given in
extremely high doses and at those doses phenylalanine appea"ed

to be just as toxic.

The general discussion starts with a review of other
authorsr work on the toxicity of B-2-thienylalanine and the concerns

that have caused ethical committees not to allow the candidate
to use ß-2-thienyraranine in a medium term experiment in phenyl-
ketonuric patients.

The work of K.J. Brown in showing that ß-2-thienylalanine
does not favour infection of the gut with Shigella or other bacterial
infection is discussed in detail.
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The anomalous rcsults of the effectiveness of cycLo-

leuci¡re in sonre systems but not in long tern experiments are

ex¿rmined in detailr âs are similar disparities in the results
with phenylalaninol-. Parachlorophenylalaniner s toxicity r âs

demonstrated by others, is detail-ed.

Future approaches in the same area of non-dietary
treatment of phenylketonuria are then discussed.
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CHAPTER I

HISTORICAL INIR,ODUCTION TO THE THESIS

Phenyì-ketonuria is a disease in which modern medicine

and biochemistry has been highly successful. In the 5O years

since its original description by Föl1ing (1), the essential
nature of the disease as a total deficiency of effective phenyl-
alanine hydroxylase inherited as a single autosomal recessive
gene, has been established by Jervis. (2, 3) In addition,
a method of detecting the biochemical disease before the occurrence

of mental retardation, by screening newborn populations, has

been devised by Guthrie (4, 5). Finally, a low phenylalanine
diet has been shown to be of benefit to children suffering
with phenylketonuria by Bickel-, Gerrard and Hickmans. (6)

The efficacy of the low phenylalanine diet has

been challenged by Birch and Tizard (7) because in treated
retarded phenylketonuria, chifdren had not made exceptional
gains in Intelligence Quotient (Ia). They also claimed that
sampling could account for the inverse relationship between

pre-treatment IQ and âgê, and that the length of treatment
was not related to the size of IQ increment. Bessman (8) pointed
out that diseases are usuarly recognised in their most serious
form, then more subtle manifestations are observed. Eventualry
mild forms of the disease are found to outnunber the serious
ones. He argued that many of the apparent rcurest by low phenyl-
alanine diet are rearry the resurt of increased efficiency
in identification of milder examples of phenylketonuria.

Despite these objections, most investigators treating
phenylketonuria berieve the row phenyralanine diet to be effective,
e.g. Berman, I'Iaisman and Graham (9r10); Coates (11); Dobson,

Koch, hlil-liamson, Spector, Frankenburg, OrFÌynn, Warner and
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Hudson (12); Hudson, Mordaunt and Leahy (t3); Kang, Kennedy Jr.,
Gates, Burwash and McKinnon (14); Knox (t5); Koch, Shaw, Acosta,
Fishler, schaeffrer, hrenz and hlohlers (16); McBean and stephenson
(17);0rFlynn and Hsia (t8), Sutherland, Umbarger and Berry
(t9); and Woolf, Griffiths and Moncrieff (ZO).

As to Bessmanrs point (8) that the treatment of
many of the biochemically discovered children with phenylketonuria
\4¡as unnecessary because they would have E milder form of the
disease, two factors have arisen. The first is the discovery of
a group of children who have el-evated prasma phenyralanine
levels, but these level_s do not normally exceed ZO mg. per
100 mirlilitres on a normal- diet. The cause or causes, definition
and necessity for treatment of this condition are by no means

agreed upon, but the subject is werr reviewed by carpenter,
Auerbach and DiGeorge ( zt ). Many investigators agree that
this condition need not be treated, as mentar development will
probably be normal; Berman and Ford (ZZ); Berman, Cunningham,
Day, Ford and Hsia (23); carpenter, Auerbach and DiGeorge (zt¡ t
Hsia, 0rFlynn and Berman (24); Levy, Shih, Karolkewicz, French,
Carr, Cass, Kennedy Jr., and MacCready (25); Szeinberg, Cohen,
Gol-an, Pered, Lavi and crispin (26)t yu, stuckey and 0rHalloran
(27). To avoid unnecessarily treating these patients with
hyperphenylaì-aninaemia it is usual- to reave the newborn child
who is suspected to have phenylketonuria, on a normal diet
until the plasma phenylalanine exceeds at least zo mg. per
100 milriritres. Later in the first year of life, infants
being treated for phenylketonuria with a low phenylaranine
diet are returned to a diet of normar phenylalanine content
to ensure that the plasma phenylaranine again exceeds this
value.

The second factor which bears upon Bessmanrs (8)
objection to dietary therapy for phenylketonuria is the discovery
of patients with classicar phenylketonuria (prasma phenyraranine
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persistently above zo mg. per r0o milliritres on â norma.L iriet),
who have normar intel ligence. Â number of such patients lravt:
btrtrn tiescribed (Hsia, 0rÞ',Lynn ancl Berrnan (24); Knox ( 1.5); perryet a!
(za¡ and Pitt. (29) ). However, such. cases are believed ro
be rare, Brown and Waisman (3O).

Thus, whi I e one cannot but agree with Birch ancr

Tizarcl (i) thatrr...there is stiU need for an adequatcly designed
controlìed clinic.ar triar to assess the effectiveness of the
managcment of phenylketonuric chil ¡lren by a J ow-phenyral aninc
d ietrr, such a control.red trial woul.d no ,longer be considered
ethical,.

HutJ son, Mordaunt and

view of most researchers in 1970:

Leahy ( 13 ) summarj sed the

rrP¡'oof that early t.eatment with a row phenyraJaninediet is necessary to prevent mental retardationdeveloping in infants wto show the biochemicalcharacte.istics of pKU cor¡rd onry be obta.ined by¿r random controfred trial. rn túe light of reccnt
c ì inical experience , as rev.iewed in irri" articre,such a t rial wot¡l_d be 

'nethical . Certainly, theréÍìro few sub.jects, with an I.Q. of TO o"' higt ""ancl the classicar biochemicar changes of PKIJ, whohave never rcc..eived treatment, but thó numbe' reported
i s very smalI. It is unlikel.y that many existtrndetectcd in the generar population, for estimat.ionsof the serum phenyl.ar*nine in- 83rooo 

'sanpl.es 
submittedt. Massachusetts publ.ic Health ltepartment for aserological test for syphilis revèaled only one

c:ase of PKtl in an individua_I. thought to be retardedil.

Âs regar.ds

a r-ì i et, there .i s _l_i ttle
lnti 0¡rit.z ( jl ) :

the diffj cul ty of administering such
argument. To quote from Keleske, Solomons

r'. . . th¿t thr: ef f orts to i-mpose ,cietary restrictionerf pheny-Larani'e i ntake af f e,ct the emoti onar crimateof the. total farniry; that trre parents need constantsupport, orientati on ancl counseJ-ring to enableLhcm to naint*in a rearistic attiturle towards theirchild with PKU; and that termination of the dietaryrestrict.ion frequentry improves the emotionar. ctimatêof the: f';rmi ì-y tt .
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These findings r^¡ere conf irmed by Lrood, Friedman
and Steiser (sz) who not onry noted the disturbances of psycho-
social climate in famiries with phenylketonuric chirdren, but
also commented: rrour data arso suggested that learning in pKU

children rr¡as severery curtaired by prohibitions against f r:ee
explorations and play, and the opportunity to make meaningful
discriminations. rl

Thus, an alternative approach to the treatment
of phenyrketonuria would be of varue. such an approach Ì4¡as

suggested by the bacterial inhibition assay designed by Guthrie
and susi (4). rn this, ß-2-Thienyral-anine prevents the growth
of a bacteria bacillus subtilis except in the presence of excess
phenylaranine; Arthough the exact basis of this impairment
of bacterial growth has not been erucidated, the reversar of
the inhibition by phenylalanine wourd suggest that ß-2-Thienyl-
alanine competitiveì-y inhibits bacterial transport and/or
metabolism of phenylalanine.

rf ß-2-ThienyÌalanine or any other phenylaranine
anarogue courd partially inhibit phenylaranine transport across
the renal tubular celr, urinary phenyralanine excretion wourd
be promoted, and hence a greater phenyralanine intake courd
be arlowed to the phenylketonuric child. Likewise, if intestinal-
absorption of phenylaJ-anine hras blocked by one of its anarogues,
greater dietary phenylalanine would be permissible.

This thesis is concerned with the effect of phenyr-
alanine analgoues on the transport and metaborism of phenylarani-ne
to determine whether they might be usefur in reducing the severity
of dietary phenylalanine restriction in children with phenyl-
ketonuria.
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CTIÄPTF,R II

r{FlntoDs

Three phenyl.al:rnine analogues were chosen for stuciy:
( I ) B -2-Thienyralanine this compound was first synthesi sed

in 1938 by Barger. and Easson (¡¡), It is chemically desig-
nated c amino thiophenerproprionic acid and its chemical
structur.e is shown in Irigure l.

(2) Parachlorophenylalanine - this compound was first synthesisecl
i n 1893 by Iimil Er-l.enmeyer Jnr.. ( lì4) . The chemical
structure is shown in Figure t.

( .ì ) (lvcLoreuc i.ne - thi s crrmpouncl was f irst synthesi sed in
It)06 by Zerinsl<y and stadnikoff: (35). The chemical structure
i s shor+n j.n Figure l.

The rationalt-' for choosing these thr.ee compounds wa.s as forlows:
( 1) B -2-Thienyl,alanine. This synthetic ¿mino aci.d is known

to inhibit phcnylalanine metabol-ism and/or transport in bacteria.
The inhibition is competitivel.y reversed by excess phenyl.alanine.
rf suç'h competition is at the cellurar transport level., and

i s al, so f ountl in nan, it might ef f ectively bl ock renal. tubr¡rar
re¿rlrsorptLon of' phenyl¿rlanine, thereby promoting urinary excretion
of phenyral iLn irre . ¡\ similar ef f ect on intestinal- transport
wou Ld reduccr intest.inal absorption of phenylalanine. Both
thesc effects woul-d l.ower plasma phenylalanjne levels.
(2) l'¡rrat:hlL.tt.ophen.ylalanine. This compouncl was chosen because

i t ha s al rearìy been shown to have an ef f'ect on phenyla).anine
met¿rbol-ism (.36, 37 , 38, 39, 40). Thus, f urrher investigatiorr
r.rl' possiblrr transport eff ects as outlined in the preceding
pal'agrûph on ß*?-Thleny.lalanine were warrantecl. Toxic side
el'l'er.ts of this compound have been reported in the rat, monkey

anrr cirt (40, 41 , 42, 43, 44, Ail, but it was decided to a,scertain
if this compouncl would have an effect in primates at a dose
Level ìess than that which produced toxic levers in other spec.ies.
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Figure 1

Structure of Phenylalanine and Analogues
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(3) Cycloleucine. ¡ls can be seen in lri gure | , the chemical

struct.ure of t.hi s cornpound least resembles phenyl.alanlne among

thtl three analogues chosen. However, Oxender ¿nd Christensen
(46) lrave shrrln t.hat it inhihits both the I le!.t.rine. pref er.r'ingr

anrì 'olctnine ¡'rref er-r'ingr systems j n the pigeon red blood cell .

As pht-.nyÌnlanine uses bot.h these transport systems, cycl.oleucine
mi ¡¡trt wel .l i nhibit phenylalanine transport . Both Goyer et
al (471 ancl lh'own (48) have shown that cycl.ol-euc:ine cíìuses

;ìn anrinoaciduria, including phenyìalanine, in ra.ts ¿rncl mÍrn.

Ifirrally, cycloleucine has been used in man as an anticancer
therapy without serious side-effects, wher.eas the preceding
twcr compounds h¿d not been given to humans, before these experi-
men ts .

The study h¡a,s designed to eval.uat.e the eff ects
on plrenylalanine transport ancl metabolism in the f olì-owing

fnann et' :

(a) lìenal Stuclies - (i) Rhesus monkey;

(ii¡ Dos;

(iii) Man.

(b) IntestinaL Studies * (i) Rhesus monl<ey;

(ii¡ Man.

(c) t'henylalanine hydroxyla.se studies - rat and pig itt vilno;
rat ¿n vi.v<t.

(r.1) lìtì I [ìrowth Strrdies - Human tissue.
(e) Slfety Studies - (i) Infant Rhesus monkey;

(i'i¡ Acute loacling studies in man;

(i:ii ) Short (2 week) studies in man.

ASSI\Y MIITHODS

( I ) Anrino Ac ids. AII determ.inations of synthetic amino acids
w(ìre made by use of an anino acid analyser by the method

of Spackman, Stein and Moore (49). Standard molarities
of these cornpounds h'ere rutl together with the naturally
occurring amino acids ear-:h time a nerd batch of ninhydrin
was made up.
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The synthetic amjno acids separate as distinct peaks

by this method. A minimum of five, and usual.Iy seven,

runs were used trì c¿rl"culate the rati ¡: peak area to amino

acid quantity. These results were quite reproducibl e

- indeed, B -2-ThienylaLanine has been suggested as an

internal stanclard f'or amino acid ana.lysis.
Preparati on of serum ancl urine for amino acid analysis

was perfornrecl by the method of Gerri tsen, Reckberg and

Waisman ( 50).
The concentration of phenylalani ne in samples was

measured hy amino acid analysis when this was used for measuring

thc synthetic amino ar:ids. At times, amino acid analysis was

nùt avail-able, and phenylalanine r{as determined by the
spectrofluoronretric method of Mc0amman and Robins ( St )
as modified by hrong et aì. (52)

The synthetic amino acids did not inter.fe¡:e or contribute
to this or any other assay procedure used. There was

a high tle¡¡ree of correlation between the two methods of
llhenylaì¿rnine determination: the degree of variation always
being .less than lül and usually less than 5%.

( 2) Phenylalanine l-ase. Rat or pig liver was used
f'or studies of this enzyme. Each study h'as undertaken
using onc river from one animal which was imnediately
homogenized with 0.1 Trjs HCI buffer pH 7,4, 6 millilitres
per 2g. of liver, using an ice water jacket.

The homogenate h'as centrifuged at l0r0O0 G for 3O

minutes. The supernatant was sieved through wire gauze
( 0. -5 mm 

2 ) to renlove ripids . The precipitate was resuspended
in 2 ml. of the same buffer for each i.nitial 2g, of liver
and rehomogenized and centrifuged in the same fashion.

The pooled supernatant.s were then assayed j.n the
following manner 3
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100

I 100

tù of' supernatant

r.,Ì of phenylaLaninc solurtion (2 ¡, no)es/100
phenylaLaninc, containing 0.001{ u moles of'
( universally labet t ecl 0 . 25 rr curies ) .

100 rù (pterine cofat--tor) ó-7 dimethyl-5,(t,7
hydrochloricle (concentration 0.25 plt/tOO rù)
100 Èl d j thi othrei tol ( I ¡rM/ 100 pl )

100 ù Tris buffer pH 7.4 (100 FM/100 ut)

t-

pl t:old
' 
*C pheny ì alalri ne

,8 tetrahydlo

+

Thoroughly shaken and incubatrl for 30 mins. at 37o and

rcaction stoppecl by 100 rù of Trichloracetic ac.Ld 30 g/tOO mt.

After centr-ifugation at 1800 G for 10 minutes, 50ú
of'the supernatant r,\¡as spotted onto Whatman 3 rrun. chromato-
graphy paper and allowed to dry.

The spot was then overlaid with cold tyrosine 1_5 pl

crf 60 ¡rg/tOtl mt. Two sampJ-es, one conraining ô0 ug/lOO ml. of
phenylaJ ¿rnir¡e anrl thc othcr 60 ¡rg/tOO ml . tyrosine were

applied to the paper for reflererìce.

The Fitper vras submj ttecl to l6 hours of ascending
cltromiltographv using a soì-vent, Ilutanol: Acetic:water
6 : 1.5 : :1. 5). After dry.ing, the paper w¿ìs sprayed with
0.2 gil00 ml, ninhydrin in acetone with 2 drops of pyridine.
CoÌour de.vrrJ.opment \{as obtained in an oven of 40o C for
.iO minutcs. Strips of paper were cut in line corresponding
to the tvlosine spots ;rnd the radioactive tyrosine estimated
by placing the paper in I 0 mIs. toluene scintillati on

solution (6A.of 2,-5-diphenyLonazole and 100 mgm. dimethyl
l'(ìPOP,/l itre tolut:ne ) . Itrelininary st.¡:cl i es showed that
c I ut ion of' tyrosine from paper with this solution was

neql igibl r: in 24 hours, and a-ll. sampJ es r{rere counted wittrin
2 hours.

The íJ radiat,Lon was counted in a Packarct liquid scintil-
-l ¿tion spÈ(ìtl'crmeter for a period of 5 minutes, using internal
st¿rnclarcl lor detrrmination of quenching ¿nd using scintil-
lat itrn strÌution o.s bnckgrtrund. The counts per ninute
ìn¡.'tìr' r.'trnr/<-rtt-ù t(l ùisintt s.rations F(-r mlnute usi.ng an
*il- i.ì iÈn.-v i\\r'Te rùnlstruùteù rith knovn ,ùuench sanpres.

rii','.r: . the Ferrentà,ge \ìenversì on of phen¡*laì,anine
l\\ tyrùsì.rìe \iùs rrbtaint'cl .
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PHENYLALANINE I'IETABOLISM TN VIVO

To determine the effect of analogues on metaborism
of' phenylalanine tn vivo, rats were injected intraperitoneally
with universalry rabelled c¡{ phenyl.a}anine and the radioactive
carbon tlioxide measured. AduI t, male Norwegian hooded rats
weighing 2ó0 to 350 gra.mmes were fasted overnight but h'ere

alLowed water acl Llbltun ,{fter injection of labell_ed phenyl-
alaninc., J0 v,/kg. with or without the anarogues in physiological
saline, the rats were immediately placed in a frask. An air
flow of 6 litres per minute drew their expired gases into sulphuric
acid and thence to Driite. The dried air containing the ratsr
expired carbon dioxide was then sucked into a vibrating reed
clectronleter.

The electri.cal potential between the inner anct

outer surf ar:es of the sphere created by the r¿dioactive carbon
tìioxide was mea.sured over five mlnutes and recordcd as a deflectiru
Lìn ¿r cont.inuot¡s record. A pilot study reveal.ed that gV, of
the r¿rd j oacti vity in jected wasr expired in the first hour, so

this period kas used to monitor the metabolism of phenylalanine.
The carbon dioxide radioactivity llas calcula,ted by measuring
the total defl-ection above baseline and compar-irrg thi s with
tht¡ stanclard curve. The sensitivity of the vibrating reed
hras cher:licrì da. l-ty by use of a cobalt source at a set distant:e
i't'r¡m the spht r.e .

CIÌLLULAR T'}RÜl{TH STUDIIIS

Human fibroblasts from the skin of the one hearthy
chi ld which h¿td been maintained in subcul.ture for 9 months
wcrc uscrl in aLl experiments. AII cultures were set up and
mr:tl i,¿r. chan¡¡cs wcre arl perforned in an uLtravj.ol et hood which
was c I e¿rned rn'ith 7Õ"/, arcohor bef ore each procedure. All- pipette
cncls wcìre f'l ¿rmed when ,openerl and go/" of their length was f lamed
immcdiately prior to use. llefore t,ransfers or counting, the
culturc's Ìvere checked microscopicarly to ensure viabiì-ity and
that ncr bacterial contamination had occurretl, and then the medium
w¿rs sucked out using a nelv fLamed pipette for each flask.
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The medium used was minimal essential medium supplemented with
5% fetal calf serum, 5/" neonatal calf serum, pyruvate l1Omg

and NaHCO, 2.24 g.

After the medium w¿ts removed Versene soLution wa.s

¿rldcd, the bottl-e shaken and then the flasks lain so that the
cells were bottom-most and covered with Versene. Then 7 mls.

of Trypsin solution added to subculture bottle and allowed
to interact with cell-s for 4 to J minutes at which time a micro-
scopic check was undertaken to ensure that separation of cell-s
had occurred. Such separation always occurred by 6 minutes.
The fl-uid containing the cells was then either counted or trans-
ferred to a petri dish for refeeding.

To count the cells the fluid containing them was

sucked up and transferred to a measuring tube and the volume

made up to a convenient figure¡ e.9.10 ml-. with phosphate

buffered saline. 1.0 ml. of this solution t{as then counted

in a Coulter counter Model- ZF and the number of cells per plate
calculated.

To start an experiment approximateJ-y 250r000 cel-Is
h¡ere added to 10 ml. of medium in a 6O nm. petri dish gentl-y

swirled and pl-aced in a 5/" C0, incubator. After 48 hours,

{ plates rr¡ere taken f or counting and remaining plates used

for the experiment. It was assumed that the mean cell count

for the experimental plates would be the same as that of the
mean for the four that were counted. The number of experimental
plates required h/as calcul-ated from the length of the intended
experiment and the number of experimental conditions required,
plus some extra plates to all-ow for possible growth failure.
As an example, in the first study the following petri dishes
were set up initially:

26 control plates containing 2 mI. of culture medium only.
ZO plates with 2 mL. of medium plus 0.4 ml-. of 5OO ne,/"

ß-2-thienylalanine in water added.

20 plates with 2 ml. of medium pì-us O.2 ml_. of 500 rng%

B-2-thienylalanine in water added.

20 plates with 2 ml. of medium plus 0. 1 ml. of 5O0 tng,ft

ß-2-thienylalanine in water added.

Later, phenylaJ-anine or physiological saline or various com-

binations of phenyì-alanine and ß -2-thienylal-anine were added

to the medium.

,l

!l
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The day following the experiment, after microscopic examination,
J plates from each crass were trypsinated as above and eounted.
Plates t{ere then counted daily to see what effect the various
additions had upon growth of the fibroblasts. The cerrs were
re-fed with 2.0 mr. of new medium with or without experimental
additions every 48 hours.
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BRTISH tsORDER TRANSPORT STIJDIES

Ttrese r{ere condur:tecì on the kirJne,ys of ó adul t
a I b-ino r;rts . The brush bordt:r veslcres were ¡:rcpa,rctl by the
mt:thod of llooth and Kcnny ( 53 ) with the exception thar ma,gnesirrm

chloride h¡as used instead of cal.cium chloride. Transport of
phenyl.alanine with and without. anaì ogues was measured using
universaJ.ry I abt---lled t t ù phenyla.laninc by the method of Evers,
Mr¡rer and Kinne (-54).

Iìadioactive D-[ t H]-glucose hras usecl to check th¿rt
transport hras not non-specificarÌy inhibited, and both sodium
and potassium runs l/ere undertaken to ensure that the transport
was active. rnctrbations were conducted for zero seconcls to
measure non-specific binding, and at 30 seconds, which a time
course showed to be before the peak of the soclium facilitated
transport.

vesicles h'ere separated by use of a Millipor.e filter
using 0.22 ¡rM l"lilliporc firter paper, and the radioactivity countecl
in a Kontron llR3oo automatic riquid scintirlating system, using
automatic adjustment for quench.ing and c¿rl culation of disin-
tegrations pcr minute. The scintirlation fluid used wag

Ilutyl -PI'D l/' in toruene. The disintegrations per ninute were
a<ljusted to moJes of phenyralanine and glucose transported.
The brush border preparation had aliquot.s removed for protein
ana,lysis by the Lowry method (55). In pilot studies the enzymes
alkaIine phosphatase and ATpase rdere measured and showed that
alka-l ine phosphatase was concentrated severar fold in the presumed
brt¡sh hordcr component, whire that of Na/K dependent ATpase
w¿ìs only marginalìy or not at aÌl increased, indicating that
parti.l purification and concentration of brush bonders ha.d

becu obtained whire baso-r-atera.r membrane had not. vesicLes
Ìvere also demonstratetl on e]-ectron mi\ìroscopy (Figure 2 ),
Thc *l-ect.r'on mi.:roscopy was kindry perf ormed by Dr. David Haynes
of thc Departnrt:nt, crf Histopathoì.ogy at Flinders Medicar centre.

A typical time course of phenylaranine and glucose
uptake is shounr in Figure 3 It can be secn t.hat both phenyl-
alanine and grucose uptake are dramaticarry increased by the
presence of sodium facilitated transport and expressing the
uptake as a function of the protein in the brush border concentrate
adrìecl to the incr¡bation mixture .



FIGURE 2(N) PROXIMAL TUBULE BRUSH BORDER VESICLES FROtvl THE RAT

KIDNEY.

FIGURE 2G)z Elecrnoru MrcRoscopy pHorocRApH REVEALS vESIcLES AS

CIRCULAR HOLLOW STRUCTURES TOGETHER WITH OTHER CELLULAR DEBRIS.



FIGURE 2G) PROXIMAL TUBULE BRUSH BORDER VESICLES FROtvl THE RAT

KIDNEY.

FIGURE 2(g): EuTcTnoru MIcRoScoPY PHoTOGRAPH REVEALS VESICLES AS

CIRCULAR HOLLOW STRUCTURES TOGETHER llllTH OTHER CELLULAR DEBRIS.



FIGURE 3, TII'lE COURSE OF UPTAKE OF PHENYLALANINE AND GLUCOSE

ISOI-ATED BRUSH BORDER VESICLES
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The concentrations of phenylalanine ¿rnd its analogues
used to determine inhibition are stated in Chapter. X .
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OTIIER ASSAYS

Gl omerul ilr f iltration t'a te . RenaI g) omeruJ a,r filtration
r'íttrr tf;ìs measr¡r'ed by inulin c:lcarance in experimental anima1¡¡
arrrì cl'eatinine r.-l.earance .in malr.

(a) rnr¡Lin clearance - j.nuun h¡as infused as a 0.35 g.f solution
in physiological (0.9 E.f,l sal"ine at a rate of 0.06 nt/Ug/
minute af ter an initiar I oad of l0 nr/kg. as a ¿ta,tìn
dose.

urines were corlected over harf hour periods with bl_ood

samples at the mid point of the col.lcction.
Plasma and urine inurin concentration were measured by
the method of Roe, Epstein anrl Gol_dstein. (56)

(b ) Lìreatinine cl earances wcre est,imatecl by usc of timecl urine
samples under intravenous hydration. urine was col.lected
bv indwell-ing catheter. prasma serum a.nd urine creatinines
we.e measu.eci by the methorl of Edwards and t{tryte.(57)

n llenal Plasn¡r Flow wa s estimatecl by pa,ra.-aminohippurate
rrl (:al"Anrre . Par¿r.-aminohippurâ.te h,as infused as a 0. 2!g.% sol.ution
in ¡hysiol o¡¡ical sa line after an initial loaciing dosc of
I 0 ml/kg. Thc para-aminohi ppurate was infused in the samc
rirrlinc as inu.tin when renal plasma flow measurenents were under_
t¿riieu. P1¿rrima. a,nd urirre estimations of the hippurate wer.e

F-rerf'\rÌ-nred by the nrethod of Snith et aI. (58)
3. Urinary Ph.enyl-ketones. These were estimated by the method
t'rf lìì¿ru. ( 5.1)



19.

CHAPTETI III

lIlIE EF'FECT OF B-2-MIENYLÀLI\NI NE ¡IND OF OTÍTER PIIENYL/ILANINE

ANÂI.OCUBS ON Nfi RENAL EXCRBTION OF PIIENYLAL/INrNE rN fim
RHESUS M0NKEY (UnClCn MULATTA )

Thi s work was conduct.ecl while r was emp-l oyed as a research
t'ellor', in the Joseph P. Kennedy Junior L¿rboratories al the
tlniversi ty of ïlisconsin, Madison, I,ùisconsin under the Di r.ector,
Ì'rofessor Harry A. ülaism¿rn. r r4ras responsibl.e for the concept
¿rnil conduct of the experiments described, and undertook the
ma.lority of the assays described some being performecl by
the technical staff of the Kennedy Laboratories.

INTRODUCTION

ß-2-thienylaranine is known to inhibit phenylaranine
usage by the bacteria Bacillus subtilis as shown by the absence
of growth of that organism in the Guthrie test (Ð, where
ß-z-thieny-Laì-anine is included in a nedj.um which would normally
sup}ìort the nultiplir:ation of Bacilrus subtil.is. That such
inhibition by ß-2-thjenylalanine is I,cver.sible i.s also shovm
by thtr ()uthrie tcst (4) when a biood sampl.e containj,ng unusually
high ohenylalanine.. al..Lows growth of Bacirlus subtilis.

simirarly, ø-z-tåienylalanine affects phenyralanine
metaborisnr in the rat, as shown by Godin and Dolan. (60) They
ilc¡norrstrated an increase of radioactivity in expired carbon
droxi.de anrl in urinary metabolites when DL ß_2_thienylalanine
\''¿ìs injccted intravenousry with Dl-phenyralanine-3- tt c compared
wi th the same close of Dl-phenylalanine alone.

¡

They al-s. showed that wrren DL B-z-thienyraranine-3-¡¡c
was injectecl, negrigible amounts of radioactivity appeared
as i'albon dioxicle, whire 30% to 4o/, of the radioactivity appeared
in the urine in 12 hours.
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Further, Codin and Dola'n (60)demonstrated that inc'or-

port.ation into tissue proteitts of intrnvenousJ-y injected

fJ -z-thi tlnylal;rni.r,t-3- t t C îúas very low, and th.i s compound was

almost not to be fountl in tissue proteins after 2{ hours.

These findings srrggested that ß -z-thienyl.alanine

was unlikely to have a permanent untoward effectr and that

if j t affected phenylalanine transport, this effect might be

most pronrincnt in the renal- tubule because of the hi.gh urinary

excretion erf g-z-thienylalanine.

To examine these suggçestions and to see if the

inhibition by ß -2-thienylalanine existed in a higher epecies,

the compound was tested in the Rhesus monkey (I'l,acaca mulatta).

Effect of Infused B -2-thi Ialanine on the Rhesus lq

tlrin¿r Ilxcret lon rec travenous
eny an ne

IÍIITHT)DS

Four , healthy, adult, male monkeys weighing 6.Z6kg.

to s.7_5kg. were Ìightly anaesthetised with intravenous

5-a I lrl-.5( 1-methyj- butyl )-2 thiobarbiturate to allow insertion

of 2 . gf d ext.r.o se p'Lus 0 .4e/" sodium chloride drip . uhile stil-l
anaesthetist:d, the monkeys were strapped into a restraining

çhair (ót) a¡rtl a collector attached so that urine could be

coì I ec.ted into a pl.astic bottle cont.aining a f ew thymol crystals

tund kcpt in icc.

When the monkey regained consciousness fully and

harì çrasseil a control sanrple of urine, phenylalanine was given

¿rs a. ¿taLùn dose intravenously (ZOOng/kg). Following this, two

monkcys h¡ere started on an infusion of phenylalanine in physio-

ìogicral saline at a concentration of 2.0g/" at such a rate as

to cltrliver Zg/Ug/24 hours. Af ter 24 hours, the intravenous

t'l ui cl was changed to 2 .Og/" phenylal anine plus O . 5g/" 9 -2-thienyl-
¿rlanjnc- in phvsiological saline at the same rate.



In the other two monkeYs, the

used: the combination of phenylalanine and

r{as infused for the first period of 2{ hours,

aìanine alone.

21.

reverse order rvas

B-2-thienylalanine
followed by phenyl-

excretion of phenylalanine

and I(b).

During these 24 hour periods, urines were collected.

At the end of each infusion, suprapubic pressure tùas applied

which caused the monkeys to void, and it was assumed the bladder

emptied compl-etely. In addition, three blood sarnples h¡ere

drawn at 3, 18 and 24 hours . These r,ùere prepared f or amino

acid analysis¡ äs described in the seetion on methods. The

urine was also prepared for amino acid estimation by acidifi-
cation and fil-tration. From the phenyÌalanine, tyrosine and

ß-2-thienyl-alanine values obtained, 24 hour urinary excretion

and renal cl-earances were calculated.

RESULTS

The 24 hour urinary
and tyrosine are shown in Tables I(a)



TABTE I(a)

The excretion and clearance of phenylalanine
added to infusion with and r+ithout B-z-thíenyraranine

Phen¡'Ialanine Excretion
in mg. per 2{ hours

Phenylalanine Cleararlce
IN mIn

Monkey

I
II
III
IV

Monkey

216

7a

t72

19

h'ithout
B -2-thienyl-

alani-ne

52r

116

375

3z

I{ith
ß -2-thienyl-

alanine

0.290

0.085

0. 208

0. 071

Without
3-2-thienyl

alanine

o. 8go

0.17 5

o.77t

0.162

I,t¡irh
B-2-thienyl-

al-anine

l{ithout With
ß -2-thienyÌ- B -2-thienyì.-

af anine al_anine

Ratio of
with thienyl-
alanine to

without
2.42

1.66

2.t7
r.67

Ratio of
rith thienyl-
alanine to

yithout

Without
2-thi enyl
alanine

tr¡irh
B-2-thienyl-

alanine

Ratio of
with thien-vl-

alanine to
r¿ithout

3.o7

2.O7

3.7r
2.28

TABI.E I(b)
The excretion and clearance of $rosine with and without

B-2-thienylalanine added t.o infusion

þrosine Excretion in ng.
per 24 hours

Tlrosine clearance in nl/nin

I 92

t02
60

t7 N
N)

227

97

398

57

2.47

0.95

6.65

3.37

0.49

0.194

0. i59
o.r97

r.12
o. 838

0.875

0. 5óó

Ratio of
with thienyl-
alanine to

without
2-9o

4.32

5.5
2.82

IT

ITI
rY
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E¿rch monkey âpprox i matel y doubl etl hi s excreti on

of pht:nylaltrnine when fl -2-thi.eny.lalanine was added to the infusion
( rirn¡ic 1.66 to 2,42). Whcn phenylalanitre cl.earancc i.s examinetl,

thrr inr:rr:ase i s (!ven morc striking ( range 2.07 t.o j.7l). There

was l ì,arge individual variation of phenylalanine excrction

fr'.rm ¿rnintal to animal which rtrndered & simplo student t, t.est

f or puired data insignif ic.ant. To allow for this j.ndividual

v¿rriation (which has been noted in normal and phenylketonuric

children (62) ), the ratios of results with ß-z-thienyl arlanine

to wit.hout ß -2-thienylalanine were expresseiì a,s a log and then

ct'rmparecl with the expected value of zero. By thi s methocì ,

thc phenylalanine excretion (p < 0.005) and clearance (p < 0.01)

i nc¡'r:ased significantl y.

Tyrosine excretiort sltowed &n increase in all but

(rrìe animal br¡t this h¡as not significant (p < 0.20), and the

c lea¡'¿rnce of tyrosine was signif icantly increa,sed (p t 0.005).

Tlrtrt' ì,üas a fall of serum tyrosine level when Ê -}-rhienylalanine
ì{a s inf usetì i n monkey Il . Thi s faII in serum tyrosine might

we I I bc duc to inhibition of phenylalanine hydroxylase (aa

shown i¡r Liderf riend and Cooper (Ó3) in vi-t'zo ) with conseguent

rcrlr¡ccd conversion of phenylalanine to tyrosine.
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The excretion and clearance of other neutral and

acidic amino acids vÍas not consistently altered by the addition
of ß-2-thienylalanine to the infusate. These results are shown

in Tables II(a) and II(b).

TABLE II(a)
Excretion of Neutral and Acidic /\mino Acids Before (1) & After (2)

ß-2-thienylalanine Added to Phenylalanine Infusion in
Rhesus Monkeys

MONKEYS

I II III IV

Amino Acid 1 2 1 z 1 2 1 2

Threonine

Serine

Glutamine

Glutamic Acid

Glycine

Alanine

VaIine
Methionine

Isoleucine
Leucine

20.3

10. 5

96.0

19. 3

24.2

6.2

0.0

70. 3

8. 59

11.4

2.5

4.4

4.46
2.4

1 .84

4.80
11 .0

4.10
14.9

1 .95

3.93

1.62

6.Tz

1 .90

13.8

9.66

15.8

t4.t2
35.6

0. 36

2.34

14. 8

/./ó
28.4

6. 35

27 .5

3.r2

4.82

4.57

31 .3

29.2

37.2

15

6.03

o.407

3.46

4.44
22.6

45.8
83.5

1.73

I .0ó

r.27
0. 511

.4

.8

30

61

36.6

45.04

56.8

7.20

7.20

4.63

3.98

18.3

0.859 6.94

0.ó03 0.66

0.0

2.54

2.54

Column 1 indicates excretion in mgn/day whilst phenylalanine 2. OE/U/day

infused. Column 2 indicates excretion whilst phenylalanine Z.Oe/k/day

and thienylalanine o.lg/k/day infused. (-) indicates amino acid

not detected in urine. No significant increases or decreases

in excretisr are found.
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TABI.E II(b)
Clearance in ml/min of Neutral- and Acidic Amino Acids Before and

After ß-2-thienylalanine Added to Phenylalanine Infusion in
Rhesus Monkeys

MONKEYS

I II III IV

Amino Acid I 2 1 o 1 2L 2

Threonine

Serine

Glutamine

Glutamic Acid

Glycine

Alanine

VaLine

Methionine

Isoleucine
Leucine

t.57
0.49

0. 71

0.40

0. 69

0.19

0

t.32
0. 59

0.46

0. 30

0. 30

0. 07

0

0.43

o.z4

0. 10

0.06

0.14

0.14

0. 38

0.37

0.03

0.06

0.08

0. 18

0.06

0. 52

0.24

0.07

1 .31

0.76

0. 01

0.02

0.83

0.19

o.24

0. 30

0. 59

0.08

0.05

0.02

1 .93

r.73
0.65

0.72

0.20

0. 12

.10

3.28

0. 35

0.02

0. 28

0.21

0. 16

3.65
1 .08

o.44

0.06

0. 39

0.1ó

0.03

2.55

1 .38

2.97

0.0ó

0.20

0.08

0.02
o.23

0.13

Column 1 indicates clearance whilst phenylal-anine Z.Og/k/day infused.

Co1umn 2 indicates excretion whilst phenylalanine Z.Og/k/day and

thienylalanine O.Se/k/day infused. (-) indicates amino acid not

detected in urine. No significant increases or decreases in

clearance are noted.
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DISCUSSION AND F'IJRTHIIR EXPERI}MNTAL I) ATÂ

The demonstrati.on that B -2-thienyl.aì-anine increased
the urinary phenyì.alanine excretion in monkeys rendered hyper-
phenyìalaninacmic (by phenyl aLanine infusion) suggested that
this compound might be of value in l.owering blood phenylalanine
l.evt'ls in phenylketonuria.

The mechanism of this increased phenylalaninc ex-
cretion was not shown by the above experiment. Although the
fact that ß-2-thienylalanine is an analogue of phenylalanine
suggested competition ¡rt the level of the proxima l. renal tr¡bular
cel l , increased gl omeru.Lar f iltration t.â,te, wliich is a known

pro¡rerty of ingested or infused amino acids (64165166) nright

be responsible.

To elucidate the mechanism of increased urinary
excretion of phenylaranine and to test two further analogues
of phenylalanine, the above experiment just described was repeated
usirrg cycloleucine or parachlorophenylalanine (3.3ng/Ug/24,

hot¡rs ). In addition, both rhe phenylalanine alone and the
phenyl alanine plus analogue i,nfusates contained inulinr so

t.h¿rt gl omeru-l an f irtratiorr rate could be esti.mated and tubular
¡'t'abs.rrption r)f phcnylalanine der.ived.

As shown in Table IIt(a) both analogues increased
glomerulal' filrl.ation rare (p < 0.1 in each case) while Table
IIIb shows that tubular reabsorption of pherrylalanine was un-
affected by the addition of cycloleucine or parachlorophenyl-
¿rlanine r So that the increase in excretion of phenylalanine
with these analogues was the result of stimulation of glomerular
filtration rate.

Àl though these results did not support the original
(-oncept that phenvlalanine analogues might block phenylalanine
rc;rbso rption in t,he renal tubular cel-l , the _increased excretion
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might still be beneficial to the patient with phenylketonuria.
The j-ncreased excretion of phenylalanine in the urine shourd
al low an i ncreasecl ingestion of prrenyrarani ne, as the onl-y
other pirthways of phenylaLanine metabolism were either absent
(¡rìrenylalanine hyclroxylase) or of minor consequence as a means

urf rcmoving phenyì-aranine from the blood (conversion of phenyr-
al ani ¡re to pheny,ll<et.ones ) .

TABLD II.f(a)
llffect of cyclol.eucine and Parachrorophenylalanine on

inulin clearance in Hyperphenylalaninaenic Monkeys

Monkey fnuìin Cfearance (ml/min)

Pheny Ialanine
alone

Phenylalanine plus
Cycì oì-eucine

Pben.ylaJ anine plus
Pa ra c h l- o roph e rryÌ alint:

I
]I
II I

IV

lt.5
12.6

u.q

17.t

24.2

20.4

32.3

r5.z

19.8

21 .0

29.7

15.8

12.5 23. 0 2t.6

'l'lre increased glomeruì-ar filtration, as measured by inulin
cì,earan(:e, associatecì with the ¿rddition of phenyralanine analogue
(t:yclolerrci¡re or parach]-orophcnylalanine) is significant at
the p <0.t in e¿rch (ì¿ìse.



Monkey

TABLE III(b)
Effect of analoqr:es on phenyraranine reabsorpt-ion in t_he renal tubule

Phenylalanine Alone Phenylalanine plus
cycloleucine

PhenyJ-alanine plus para-
chlorophenylalanine

I
rI
IIT
rv

Filtered Excreted f Reab-
sorbed

Filtered Excreted Filtered Excreted % Reab-
sorbed

2680

3590

5600

27Ot

1435

1830

2200

254t

5.38
17.7

41 .5

tt.4

99.7

99.0

98.1

99.5

275o

3010

5520

2460

33. r

12.7

36.0
r5.7

% Reab-
sorbed

98.8

99.6

99.3

99.4

.10
)

4

1

99

99

99

99

9

0

9

9

27

80

35

I'fean 2001 19. o 99.t 3435-v. 24.4 99.3 36,ßli 2.88 99.9

Filtered Loads arrd excretion expressed. ínngr/24 hours. Tire filtered l-oad of phenylalanine increased whencycloleucine (-x- p <0.10) or parachlorophenyla]-anine (# p <0.20) but no effect on tubular reabsorption co,¿ld
be detected.

t\)
oo
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CHAPIER TV

TTIT] ET¡FÍ]CT OF PIIENTLIIUININE ANAI¡CUF^S ON INTÍXTTINAL

PHENYLALANTNE ÀIISORPTION IN ITIE RIIESUS MONKET (mcnct nturrrA

This work was conductecl under the same circumstances as described
in Chapter III.

INTRODUCTION

Having dcmonstrated that ß -2-thienylalanine, cyclo-
leucine and parachloropherrylal.anine promoted the renal excretion
of phenylalanine when given intravenousry, it was important
to see if they had an effect oraÌry, orar administration being
the only practicar node of therapy for a chitd as injection
would not be justified when dietary measures, albeit very strict
ones, were effective alone.

It was therefore
loads with and without the
senrm phenylalanine.

decided to give oral phenylalanine

analogues, and follow the rise in

MET'HODS

The sane four healthy adult monkeys as described
i¡r Chapter III were used 3 months after the intravenous experi-
merìts were concl-uded. They were fasted f or I hourjs before
tlrc experiment but allowed water in this period.

At time zero, each monkey had venous blood drawn,
a n¿ìsogastric tube inserted, a urine collector attached to
ttic externa I geni.taria and the ani mal h'as praced in a special.
metabol-jc ch¿rir. (6t) L phenylalanine 7S)ng/kg. dissolved ín 300m1.

of t.he tap water was given via the nasogastric tube. This
..losc and the ti.ming of brood samples were chosen af ter 5 pre-
linrinary adminj.strations had shown this was the maximum dose

that courd be given without inducing voniting. Brood samples
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uere drawn at l, 2, 3, 4 and 6 horrrs.

Âlter., at least, a three day rest between expcriments,
the anima.Ls were given t,he same dose of phenylalanine with
one of the anaì.ogues. The experiment was repeated after a

furthcr 3 cìay, or more, rest with another of the analogues

trntil eac.h of the four monkeys had hacl phenylalanine alone,
phenyìalanine plus ß -z-rhienylalanine t87,Sng/kg., phenylal.anine
plus cycloleucine 22Sne/kg. and phenylalanine plus parachloro-
phenvì-alanine zzgng/kg. These doses were chosen on the basis
of solubility characteristics and previously described effects
on phenylalanine metabolism.

Acidified, filtered urine and all blood sampl.es

\{ùre run on the amino acid analyzer for neutral and amino acids.
The analogues previousl-y had been shown not to interfere with
thr:se assays.

R!]SI.ILTS

A typical experiment is shorm in Figure {. The

serum pheny].aranine in mg. per 100 ml. is shown at zero time
antl 1, 2,3, 4 and 6 hours after the oral load. In each case,
tht' a,ldi tion of the analogue to the phenyl.aranine load reduces
thc absorption of phenylalanine. To quanti.tate this reduction
tht' area r¡nder 'each curve above base line was carcurated and

phtnyln.lan.ine ob.tonpti.<ttt expressed in arbitr,ary units . ,Plteny,t-

alunine ab.tonp.(.Lon hls the italics to inrlicat.e that the graph
really expresses the absorption of phenylalanine less the amount

excreted in the urine and that passes fro¡n the blood into tissues,
l'or incorporution or metabolism.

These calculatecl areas are shown

the mean ,oheny.lo..Lattine abzonptlon in monkeys

alone is com¡rared with the mean abzonptLon

in Table IV where

fecl phenylalanine

when given phenyl-
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FIGURE ¿{. THE TFFECT OF PHENYLAI-ANINE ANALOGUES ON THE EFFECTIVE

INTESTINAL ABSORPTION IN THE RHESUS tvlONKEY

Control

60

Parach lorphenylalani ne
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trjz
240
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HOURS AFTER LOAD

FIGURE 4: REspottsE oF sERUM pHENyLALANTNE oN MoNKEy 3 to 4 onnl
LOADINGS, THE coNTRoL LoAD oF L-pHENvLALANTNE vtAS 750 nc,/xc.,
EACH OF THE OTHER LOADS CONTAINED THE SAME OUANTITY OF
L-PHENYLALANINE 750 MG/KG) plus ETTHER p-2-ol-THTENvLALANTNE
(187,5 ¡'tc/ KG), cYcLoLEUctNE 225 ¡te/xc oR : pARACHLoRopHENvLALANTNE

225 ¡"1c/ Ke ,

0
0 6
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alarrine pltrs an analogue. The phenylalanine. ab¿onpf.Lon when

givcn phenyì-alanine alone, shown in Tabl-e lV, is the mean of

two exper..iments on eech alllrnal wjth a 750mg/kg. L phenylalanine

load.

Each analogue decreased the amount of pheng'Lo.Lanine

ab¿ozbed with the exception of animal I when given B-2-thienyl-

alanine. lrthen cycloleucine is added, the mean absorption is
significantly lower (at the l0% Ievel) using a student t test

for paired data. I{hen the effect of the analogue is expressed

as a ratio to allor+ for individual variation, as was done with

the data in Chapter III, all analogues significantly reduced

phe n y ld-oni ne ab ¿ o n pLLo n.

Serum tyrosines r,üere aII estimated and the rise

afttrr the phcnylalanine load (due to conversjon of phenylalanine

to tyrosine by hepatic phenylalanine hydroxylase) was Iess

when the phenylalanine analogues were simultaneously adminístered.

This again suggests these analogues inhibited phenylalanine

hydroxylase - however, the differences were not statistically
clifferent.

:.1
rùü

Þ
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TABLE IV

Phtrnylaranine Absorption Expresst:d as the Area under curve after
750 rng/kg of Phr:nylal.anine Nasogastric Tube with and without

Anaì-ogues.

I II III IV M[:AN

,ll
rrJ

I ) I'hr".nyJ.alanine

2) Phenylalanine +

ß -2-thi enylalanine

3) Phenylalanine +
cycloleucine

{l Phenylalanine +
Parachl-orophenyl-
alanine

Ratio line 2/line 1

Ratio line 3/Iine I
Ratlo ì.ine {/line I

340 428 364 80. z 303

356 286 304 50.3 249 (tl.s. ¡

140 182 r24 67.2 t28 (p <0.: )

178

1 .05

o'4t
o.52

268

o.67

0.43

0. ó3

0.84

o.34

0.39

29.9

0. 63

0.84

o.37

r43 155 (p <0.2)

0.80 (p <0.1)

o.5l (p <0.o5)

0.48(p<<0,0o1 )

Each monkey received 4 loads: in each he received 75O ng/kg of
phenyIaì anine; i,n loacl 2 he aLso received 8-2-thienylalanine
1tì7.5 nrg¡/kg; in load J cycloleucine 225 ns/ke; in load 4 paiachl.oro-
phenylalanine '2ZS n*/kg. p values are for analogue plus phenyl-
¿t l;tn iltt' compared to phenyl-al.anine al one.

I

þ
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DTSCUSSI ON

Aì though thrr term 'phenylal-aninc absorptionr is
rrot c:orrect as thc p,raph in Figure fl reflects intestinal phenyl-

alaninc absorption, phenyla.Ianine met;abol.ism and urinary excretion,

t.Ìre fall of serum phenylalanine suggests that the analogues

may bc of benefj-t to patients with phenylketonuria.

Reductio¡r of serum phenylalanine by dietary meang

appe¿rrs to prevent brain damager âs discussed in Chapter I.
The steps between high phenylalanine blood levels and damage

to neurones is not known, although nany theories have been

put f'orwarcl . (Zg and tl8 ) . It ís noteworthy that all these

theories start wi Lh the elevated btood phenyl-alanine level
as thrr point from which their hypothesis grovrs. Hencer ênI

decrt ar.ie in the bl"oocl phenylalanì ne level night be beneficial,
nù rn¿rtter how i.t. was achieved.

The alternative theory, known as the tjustification

hypotìrtrsisr proposes that the mental retardation of phenylketonuria

is due to tyrosine deficiency, both pre and post birth (87).

Hrìhrcvrìr, normal cord blood tyrosine level s in phenylketonuric

b¿rbirrs (88), the fact, that patients with classical phenylketonurj.a

h¡rvc thei¡' intelligence protectecl by low phenylalanine diets
( 9-2('l ) , ¿urd the inability to ilctect tyrosine def ici ency in
ar'"¿1lt:r.ì anrì untreated phenylketonuric patients (89) suggest

that tyrosinc deficiency i.s not the cause of brain damage in
phcu-v I ket ontrria .

Thus, further investigation of phenylalanine analogues

as ¿ì neans of treating phenylketonuria appeared warranted.

I

I

þ

.ì
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CHAPTER V

II{E SA¡.ETY AND CLINICAL EIIFIC,ICY OF 8.2-ITIIENYLALANTNE

IN INFÂNT MONKEYS REI{DMED HYPMPHEITTLALANINAEMIC BÏ
ORAL PTIENYI.ALANINE SUPPLEHENÎATION.

The s tuclies i.nvoì-vi ng t.he use of ß-2-thienylaJ,anine
described hercunder h¡ere entirely my or{¡n. However, the work

on infant monkeys who were fed phenylalanine alone and the contro.L

monke.ys f ed rìo suppl ement had previously been conducted at the

same laboratories (Joseph P. Kennedy Jnr. Laboratories, University
of Wisconsìn, Maclison. Wisconsin) rrndcr the auspices of Professor
H. A. llJa i sman.

INTROT)TICTION

Having determined that the three analogues tested
redt¡ccd the plasma phenylalanine increment obtained over 6 hours

after àn oral phenylalanine load, the feasibitity of this as

a practical methùcl of treating phenylketonuria ¡reeded to be

determinecl..

Two outstanding question,s presented themsel_ves:

(a) liould these compounds alone protect against nental rctardation
ìn animals rendered hyperphenyì.alaninaemic?

(b) \ioulcl these compouncls be toxic to the aninals in their
t-rwn right ?

In an endeavour to answer the questions about the
prot.\'iìtion a,fforded by ij -z-thienylalanine and the safety of
ß-2-t h.i trnyla Lani ne, f our inf ant monkeys were f ed it; ttro in
c;r'rnrbi n.rt ion wi th a close of oral phenylalanine, previously found
to rendcr monkc.vs Ìryperpl-renylalaninaemic and mentally ret¿rded (çO).

Thc t wr.'r other lnf ant monkeys wcre f ed the sane dose of
ß-!-th i enyl al¿nine al one.

T
t
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Previous work by Professor H.A. I{aisman and col-Ieagues

had developed an animal model- of phenylketonuria, in that the

a,nimir I s t+ere rendercd hyperphorylalaninaemic and braln damaged

by feeding them high dose phenylalanine from birth (6tr9O-gZ).

The L2-thienylalanine-fed monkeys were compared with these

phenylalanine-fed and control monkeys. AII J groups were in
the same monkey l-aboratory under identical conditions, other

than their feeds.

}fETHODS

Al-I Rhesus monkeys (Macaca mulatta) hrere taken from

their mothers immediately following birth and bottle fed in
a special nursery. The control group of all- monkeys born and

not used for experimental purposes were fed a commercial milk
formula designed for human infants (Simal-ac++). The second group

h¡ere fed the same formula supplemented with L-phenylalanine
(L-2-anino-J-phenyl-L-propanoì-) so as to give a target intake
of supplemental phenylalanine equal to 3 grams per kilogram

body weight per day.

Two B-2-thienylalanine-fed animals (designated t36

and L46) hrere given the sane milk for¡nul-a with added

B-2-thienylal-anine so as to give a target of 0.75 grams per

kilogram per day if all- nilk was consumed. The final group

of 2 monkeys (1,80 and Mll) had the same formula supplemented

with both L-phenylal-anine (target 3.0 grams per kilogram per

day) and B-2-thienylalanine (O.ZS grams per kilogram per d.y).

This diet was introduced by experienced handlers

and intake carefully charted. The technique and the general

care of monkeys $ras that described by Waisman and Harlow (61,

90, 9r, 92).

The dietary intake and weight of each monkey was

recorded. daiJ-y while height and head circumference were measured

weekly. After a four hour fast, blood was taken for i phpùylalànine

-)$ Ross Laboratories, Cleveland, Ohio.
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tyrosine and Ê -2-thienylalanine estimation as described in the
iuitiaÌ methods section. Ât the same time brood was sent for
haematological est.imations. These complete blood pictures were

co¡rductecl by the Clinical Laboratory Servicc of the Llniversity
of Wisconsin Hospital, Maclison, hrisconsin. The diet and these

csti.mations w(ìre continued for 2{0 tlays.

RESIILTS

Cl inical

0n the final day of the special diet, one monkey

(t3(r) who had been fed a diet supplementecl with B-2-thienylaLanine
dcvcloped Shigella gastroenteritis. He was treat,ed with antibiotj.cg
¡urd intravenous fluids but clied on the tenth day of this illness.
Arttopsy showed no other ¿rbnormality other than findings compatible
with gastroenteritis.

The brain and l-iver were assayed for g-2-thienylalaninc
incr.rrporation into protein after hydrolysis of the trichloracetic
acìtl precipitable protein - the brain contained no Ê-2-thienylelaniræ
while the liver protein had a phenylalanine: tyrosinc¡
ß-2-t.hienyì.alanine ratio of 22tJ tl. Thus very littrc
B-2-thienylalanine had been incorporated into protein.

Another monkey fed both phenylalanine and

ß-2-th.ienyralanine supplements al-so developed shigella gastro-
ent:t:r'il.i s (at 200 days) but recovered completel-y in / days when

giv.:n parenteral physiological. saline and anti-biotics.

The quant.i ty of phcnylalanine added to the ¡niLk
r{¿ìs inr:r'eased at. st¿rnclard times in an effort to obtain the target
of 3 grams per kilogram per d¿uy. Overall, both the animars
gj ven phenyl ¿rl,an i ne alone and the two given phenylaranine plus
B-2-th i eny-la-l.rni nc received a,i1 average of Z, S grams of
phuryl alani.nr'/l<g/day af t.er the f irst month of lif e. The target
w¿l.s not achi evt-'d because the phenylalanine - f ed animals consuned
a ìesser volt¡me of milk per day on a body weight basis.



38

ß-Z-thienylalanine appeared to be particularly distaste-
ful to the monkeysr âs all four that had it drank less than

those who had phenylalanine alone or no supplement at all.

Weight gain in the monkeys fed ß-2-thienylalanine

was not significantly different from the control animals except

for L36 and Ml1 when they suffered gastroenteritis. The growth

rates of all monkeys fed B -2-thienylalanine whether in combination

with L-phenylalanine or not was superior in velocity to that
of the 4 monkeys f ed phenylalanine alone. This l4¡as particularly
noticeable in the period 200 to 24O days. These findings are

represented graphically in Figure 5.

Figure 6 shows the volume of nilk consumed by the

infant monkeys, the phenylalanine intake achieved and the amount

of phenylaÌanine added to Simalac in an endeavour to reach the

target of 3.0 g/Ug/aay of phenylalanine in those animals fed

extra phenyJ-aJ-anine.

The upper panel of Figure 6 shows that the animals

fed Simalac alone (--ts) took in a greater volume of milk (expressed

as cc/kilogram,/aay) than any of the animals fed supplements.

Initiaì-ly they took in about 400 cc/Ug/aay and towards the end

of their first year the figure was approximateJ-y 350 mls/kg/day.

The 4 monkeys fed phenylaJ-anine supplements alone (3.0 e/Ug/aa¡)
and represented by the hatched area in the Figure) take in about

325 cc/Ug/aay for the first 6 months but after that, mean intake
falts bel-ow 300 cc/Ug/aay. The 4 monkeys fed ß-2-thienylalanine
(with or without phenylalanine) supplements a1l had lower intakes
during the 24O days during which they received supplemented

Simalac. The 2 monkeys , L46 and L80, who did not develop Shigella
gastroenteritis were followed for the 120 days after all supplements

were stopped. It can be seen that their intakes promptly rose

and exceeded that of the phenylalanine supplemented aninals.
This strongly suggests that the monkeys found ß-2-thienylalanine
more distasteful than phenylalanine.

The middle panel of Figure 6 compares the phenylalanine

intake of the 2 monkeys fed ß-2-thienylalanine (0.75 g/Ug/aay)

and phenylalanine (3.0 g/Ug/Aay) suppLements and the 4 monkeys

fed phenylalanine (¡.0 e/Ue/aay) supplements (hatched area =

mean t 1 S.D.). It can be seen that despite the lower total
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FIGURE 6 THT UPPER PANEL sHoWS THAT ANIMALs FED PHENYLALANINE
(3,0 e/re/onv) ns REpRESENTED By THE HATcHED AREA HAD A Lov,rER INTAKE
THAN MONKEYS FED SIMALAC ALONE (+) MEAN SHoIryN AS THE UPPER coNTINUoUs
LINE WITH VERTICAL BARS REPRESENTING 1 sTnNoRRD DEVIATIoN. THE 4
MoNKEYS L36' 146 & l.lll FED B-2-THIENyLALANTNE HAVE GENERALLy LowER
INTAKES. THE MIDDLE PANEL COMPARES PHENYLALANINE INTAKE oF MoNKEYs
FED 3,0 e/re/oRv PHENYLALANINE AND 0,/5 e/rc,/ony g-2-TxTENvLALANTNE

WITH THE MEAN I S.D. OF 4 MONTCYS FED PHENYLALANINE ALONE. THE
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intake the amount of phenyralanine consuned is roughly comparabre.

This is because, in these 2 nonkeys, their intake was reratively
high in the first 90 days. The bottom panel shows the amount

of phenylalanine supplement given. This was basicalry an exercise
in chasing oners tail in that when the phenylalanine intake
feII below the targe of l.O g/kg/day, the concentration of phenyl-
alanine in the milk h¡as increased. To avoid differences between

each group, standard times for each concentration of phenylalanine
in mil-k were adopted. rn the animals fed phenylaì-anine arone,
mil-k was supplemented at 10 g/fOO ml from 24O to J60 days, while
in those given ß -2-thienylalanine, arr supprements (incruding
phenylalanine) were ceased at 2{O days.

Figure 7 shows growth expressed as a function of,

intake of mil-k (i.e. grams gained per 10 ritres of mirk consuned).
rt can be seen that the simalac-fed animars (shaded area) and

phenyraranine alone supplemented monkeys (-l--) had very simirar
gains, while aII 4 infant monkeys given B-2-thienylalanine (z
with phenyraranine and 2 given L2-thienyraranine arone) gained
better. This is a reflection of the infants being able to maintain
a reasonable weight gain (Figure 5) despite poor intake (Figure
6). No significant differences hrere noted for height and head

circumference measurements between the B-2-thienylalanine-fed
and control monkeys.

NeurologicaJ-l-y, the monkeys f ed I-phenylalanine
arone appeared retarded and convursed as did one monkey (L8o)

fed ß -2-thienylalanine in addition to L-phenyralanine. The

other monkey (Utt¡ who was fed the combination appeared to be

neurologically protected as he did not convulse and was indistin-
guishable in behaviour from the control- animals.
Blood Data

The phenyJ-alanine levels of the monkeys receiving
the ß-2-thienylalanine supplement (O.lSe/ke/da¡) wirh or withour
L-phenyl-alanine (3.0g/t<g/Aay) are compared with those who received
phenylaranine (3.oe/ue/aay) arone in Fie. 8. ß-2-thienylaranine
alone did not cause serum phenylalanine leve1s to vary from normal.
Itlhen B-2-thienylaranine was given together with phenyralanine, the
serum levers varied markedly but, generally, r{ere lower (mean

26ns.% [S.0. = 19] ) than that of the animals supplemented with
phenylalanine al-one (mean 44ng./" [S.n. = 11] ).
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I^IETGHT GArN AS A FUNCTIoN 0F HILK INTAKE IN C0NTROL-¡m,
PHENYLALANINT SUPPLEMENTED AND B-2.Tl-lIENYLANININE SUPPLE42.
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FIGURE 7 : l.lUeru EXPRESSED AS A FUNCTION oF MILK INTAKE THE wEIGHT
GAIN OF THOSE INFANT MONKEYS FED A SUPPLEMENT OF PHENYLALANINE (+)
þlAS SIMILAR r0 THOSE FED slMALAq ALONE, (NotcHED AREA), MOrufEyS
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FIGURE 8 SERUfvl PHENYLALANINE LEVELS IN INFANT tvlONKEYS FED'

SUPPLEMENTED B-2-THIENYLALANINE AND/OR P|jENYLALANINE
43.
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FIGURE 8 : SERUM pHENvLALANTNE LEVELS (y ¡xrS) pon rne 4 MoNKEys FED

PHENYLALANINE ALoNE SUPPLEMENT (nRTcHeo InTR) ARE EXPRESSED AS THE
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nruo p-2-THIENvLALANINE (0,75 e/v..ç/onv) sHow MARKED vARrATroN rN
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When the two monkeys receiving the combination of B-2-thienylalanine

and l-phenylalanine were returned to a normal diet at 24O days,

the serum phenylalanine levels rapidly fel-l to normal where they

remained.

The mean serum B-2-thienylal-anine levels of those

monkeys fed the combination of it plus phenylalanine were higher

than those of the monkeys fed the same amount of Ê-2ithienylalanine

alone. However, the values were extremely variable as r,fere the

serum tyrosine values. These results are shown in Table V.

There r,ì¡ere no haematological abnormalities in any

of the groups of monkeys supplemented with amino acids compared

with the controf animals. (Figures 9 and 11).

DISCUSSION

These long term feeding experiments of infant monkeys

were designed for two purposes:

1. To provide further evidence about the efficiency of

B-2-thienylalanine in reducing serr.m phenylalanine levels
and hence, possibly preventing brain darnage.

2. To test the safety of this compound in new born monkeys

fed it on a long term basis.

The studies confirmed that ß-z-thienylalanine did

lower serum phenylalanine levels but that the serum phenylalanine

levels showed wide variation from day to day. This might be

due to inhibition of the infant monkeysr phenylalanine hydroxylase

by the B-2-thienylalanine as reported by Uderfriend and Cooper

(ó3). This inhibition of the major degradative metabolic pathway of

phenylalanine would tend to elevate serum phenylalanine, while

the renal and intestinal effects already described would tend

to reduce it. To overcome this problern one would have to use

an animal totally deficient in phenylalanine hydrorylase, as

is the phenylketonuric patient. An animal partially deficient
in phenylalanine hydroxylase, such as the dilute lefÀn¿ nouse,

would not be suitable, as the residual phenylalanine hydroxylase
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TABI.D V

Serum ß-2-thienylalanine (ß-2-T) and Tyrosine*(Tyr.) Levels in
Infant Rhesus Monkeys fed the antagonist with and without

Phenylalanine at various ages.

Period ß-2-Thienylalanine Fed g-2-T and Phenyl-alanine Fed

Ase in days L-36 L-46 r-80 M-1 1

B-2-T Tyr. B-2-T Tyr. 3-2-T Tyr. g-2'T Tyr

30

6o

90

120

150

180

210

240

27o

30

6o

90

120

150

180

210

240

270

300

3.1

2.4

3.2

2.3

3.2

3.0

0.44

2.2

t.4
1.6

1.0

2.6

3.3

4.4
9.1

2.9

3.6

4.2
4.0
2.2

6.1

z.o
t.4
0.78

o.97

9.5
tz.6

6.3

10.0

17.2

0.22

13.5

41 .8

ó0. 8

6.7

45.2

12.4

9.2
2.L

1.8

2.5

3.03.9
10. 3

7.7

4.1

9.6
2.0

5.9
6.4

6.5

6.0

11 .6

8.8 22.8

| .2 2.5

9.5 7 .4

11 .4 zo .7

10.4 10.6

1.5 3.9

7.7 4.7
Gastroenteritis

5.2 3. 5

9.5
7.o
8.r

died

* mg per 100 ml-.

TABLD V: Infant monkeys fed Þ2-T O.7Sg/kg/day demonstrate similar
level-s of B-2-T whether giveñ Þhenylalanine (SS/ke/daV)
or not. Tyrosine leve1s h¡ere significantly higher in those
fed phenyl-alanine as well as ß-2-T.



FIGURE 9 HAEIVIOGLOBIN LEVELS IN INFANT tvlONKEYS FED SUPPLEMENTS ()F
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FIGURE 9 : NoRt"lRu INFANT MoNKEy LEVELs (ueRn t oNE S,D,) nne sHowN
IN rHE HATcHED AREA, Monrevs 136 aruo L46 (reu s-2-rHrENyLAI-ANTNE
0,75 e/re/onv oNl-Y'sHowNORMAL vALUES, THosE FED THE coMBINATIoN
- 180 n¡ro lvlll - HAVE LowER LEVELS BUT sruDENT T TEST FArLs ro RE-
vEAL A SUBSTANTIAL DTFFERENcE, N,B, L80 wns sMALL AT BTRTH sHow-
ED HIGHER PHENyLALANntE LEVELS THAN [']ll ¡¡lo wns Nor cLINIcALLy pRo-
TECTED AGAINST THE EFFECTS OF PHENYLALANINE SUPPLEMENTED FEEDING
(see rexr), ALL ANTMALs HAD suppLEMENTS cEASED m 240 DAys



FIGURE 10 RED CELL COUNTS IN INFANT I',|ONKEYS FED SUPPLEMENÏS.OF

B-2-THTTNYLALANINE ALO]\!E 0P. WITH PI.|EIIYLALANINE
.SUPPLEMENT.
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FI(ìURE 11 PERCINTAGE OF RTTICULOCYTES IN I¡IFANT lvlONKTYS FED

SUPPLEMENTS OF 8.2-THIENYLALANINE ALONI OR WITH

PHENYLALAN I NE SUPPLEIVIENT
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FIGURE 10 : PencenrAcE oF RETrcuLocyrEs rN coNTRoL INFANT MoNKEys
(menn t oNE sTANDARD DEvrnrtoru) ARE sHot.lN IN THE HATcHED AREA,

No srGNrFrcANT DIFFERENcES BETwEEN MoNKEys reo B-2-THIENyLALANINE
ALoNE (136 nno 146) oR vvrrH ptlENyLALANTNE (L80 nru¡ M11) ARE FouND,
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h,ouId be inhibited, causing the same probJ-em. Unfortunately,
the only animal totally deficient in phenyl-alanine hydroxylase

that has been described is phenylketonuric man. Thus, to obtain
a satisfactory ansh¡er, human beings with this disease would

have to be used. This further emphasises the importance of
the safety or otherwise of B -2-thienyl-alanine.

In the above study, infant monkeys fed ß-2-thienylalanine
grew normally in height, weight and head circumference, haema-

tological indices r,ì¡ere unremarkable and, in one autopsy, no

abnormalities h¡ere found. Also, brain and liver taken fron
those studies showed little or no incorporation of B-2-thienylaì-anine
into protein, which was comforting and confirmed work by Godin

and Dolan (60) in rats.

However, a major concern u/as the appearance of Shigella
gastroenteritis in two of the infant Rhesus monkeys fed

ß-2-thienylal-anine. The reason for this might be -
(a) Coincidence: Shigella is endemic in most primate colonies

and this laboratory rùas no exception. However, it was

a matter of great concern that one monkey died an

event that had not occurred for many years at this parti-
cular laboratory.

(b) Impairment of the monkeyrs defence mechanism

ß-2-thienyl-alanine might depress immune mechanism or

damage an organ (e.g. gut mucosa) to all-ow a Shigetla
colonisation to becone an active infection.

(c) Confcrring an advantage to the ShigeJ-Ia organisn, e.g.
if a, non-pathogenic organism such as E. coli were selec-
tively disadvantaged by B-2-thienylalanine, thus reducing
this organismrs nwnber and allowing superinfection with
Shigelì-a not so disadvantaged.

The autopsy study, clinical exanination and haemato-

Iogical studies gave no indication of which factor r{as involved,
or whether some other might be responsible.

As there is well known species variation in toxicity
of drugs and other chemical-s, and because of the problems caused
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by the inhibition of phenylalanine hydroxylase by ß-2-thienylalanine,
it h¡as thought that an acute foad of ß-2-thienylalanine given

to phenyJ-ketonuric patients t{as justified. This is described

in the next section.
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CHAPIM VI

ITIE EFT'ECT OF ß-2.fiTIENTLALIININE ON SERUM LUYEI,S OF

PHENYLIILANINE FOLIOWING ÂN ORAL IOAD OF PI{ENTLIILITNII{E

IN PHENII,KETONTIRIA PATIENTS.

The studies h¡ere conducted with the technical assistance

of Dr. Carol Krips who was a fifth year medical- student at the

time. They hrere performed at the Strathmont Centre for the

mentally retarded with chemical estimations in the Departnent

of Child Health at the University of Adelaide.

INTRODUCTION

As ß-2-thienylalanine had been shown to both promote

the renal excretion of phenylalanine and aÌso reduce the intestinal
absorption of phenylalanine in monkeys rendered hyperphenylalanin-

aemic, it h¡as of interest to study the effect of this compound

in patients with phenylketonuria. As the compound had been

given on a chronic basis to infant monkeys without detrimental

effect (with the possible exception of predisposing the recipient
to Shigella gastroenteritis ) , it l{as considered justified to

use this compound on an acute basis.

Accordingly, two experiments were undertaken:

(a) RenaL

Three female mentally retarded, untreated, phenyl-

ketonuria patients, whose parents or guardians had given permission

for the studies to be undertaken, rÌ¡ere infused' with physiological-

saline alone for four hours, followed by a further four hour

period of B -2-thienylal-anine in physiological saline at a rate
that delivered a dose of Z}ng/kg/ninute. Urine h'as collected
by indwelling Fol-ey catheter into a plastic vessel containing
thymol. Blood was drawn by venepuncture at the start, mid-point
and finish of each infusion (0r2 & 4 hours).
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Urinary and blood creatinine and phenylalanine l-evels

were measured as described in the anaì-ytical section, while

urinary phenylketones r{ere detcrmined by gas liquid ch¡'ona-

tography.(59)

From the data gl.omerul-ar fil-tration rate, phenylal.anine

excretion and renal. tubular reabsorption of phenylalanine and

phcnyìketone excretion rates were tlerived for both the control
(sal ine only) and experimental (g-Z-thienyl.alanine infusion)
peliods.

Î'hc results are shown in Tablu's VI(a) & VI(b) Glomerular

fi I tration rate u/as increased appreciab.ly by ß-2-thienylalanine
infusion in two of the three pat.ients, whil-e in the third it
fcll minimally. In all three patients the ren¿rl tubular reabsorp-

tion of phrrnyl.alanine was reduced by the ß-z-thienylalanint:
arìrl , as a consequerìce, phenylal anine excrction increased in
aÌì three patients. The mearr i-nr:rease was 2.25 fold.

The excretion of urinary phenyl-pyrurric acid and phenyl-

.lar'.tic acid r{as increased, while the effect on phcnylacetic

¿rncl orthohytlrophenylacetic acid was variable. Without bloocl

Ievels of the phenyl,ketones it is impossible Lo determine the

I'tlrtive impoltance of renal tubular absorption and glomerular

f'i I tr¿rtion rAt.e, bt¡t the f act that aII three patients (including

the patient whose glomerular fil.tration rate did not al.ter
ap¡rr:t ciably) , inc.reased the tlxcretion of phenylpyruvic a.cid

sugg(.srs an effect. on renaL tubular reabsorption. It is als<¡

possiblc that. B -2-thienyl-alanine inhibited the metabolism of
pheny.lpyruvic acid to other phenylkctones.

Discu.ssion

Thi s study confirmed the increased excretion ofl

phtnyLalanine when ß -2-thi.enylalanine is infused. It further
demonstr¿rtcd th¿rt in humans, at least, the basis of the increasecl

r'xcrcti on r{írs a reduced tubula r rcabsorption of phenylalanine,

r.hile. in 2 of thc 3 phenylketonuric patients there was an increase

in glomcruìar fi ltratiorr rat.e as r,'hcrr tested in the monkey.
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TABLE vl(a)

Ilffect of B-2-¡¡ienylala¡ine (q¡ng/kg/nin) on Rena.l
Hand.ljng of l'henylalanine in untreated phenyrketonuric llomen.

Paticnt GlomeruL¿rr Filtration
Rate-)r ml/min

PhenylaJ-anine Excretion % Reabsorption
in 4 hours

control Experimental + control- Experimental control E:rperí-
nental

I
,
3

6o

08I

44.9

77.r
104.2

53.4

r42.5
tt7.t
90.0

266.7

277.9

225.4

97.8

95.0

95. ó

85. t
83.9

91.1

4

6

Mean 7L .3 78 .2 116.5 256.7 9ó.1 86.7

,t

rj

lr Unct'rrrected for surface area.
'i lkperimental = period in which ß-2-thienyLal.anine infused.

rABrE Vr(b)

Iiffecr of B-2-thienylalanine (ZOng/*g/mirr) on Renal
Itrrndling of Phenylketones in untreated phenylketonuric l{onen.

l)¿rÈic.nt Phen.ylpyruvic Phenyllactic phenylacetic
Acid Acid Acid

Orthohydroxy Phenyl-
acetic Acid

Control. Expi Control Exp. Control Exp. Control Exp

,)

..j

118

424

78

193

7()r

345

83

156

37

4ó3

166

9z

3.08

12.6

6.95

8.05

7 .57

r3.2

17.0

30.9

9. 55

20.4

15.6

23.r

247 443 92 240 7.54 9.61 19.15 Lg.7

Exc'.retion in ng/4 hours.

+

I

Exp = period in which B-2-thienyJ alanine infused.
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These resul-ts suggest that ß-z-thienylaranine might
be the most appropriate anarogue (of the three studied) to use
for the treatment of phenylketonuria, as the other two did not
brock tubul-ar reabsorption but mere]-y had an effect via the
increased gJ-omeruJ-ar filtration.

It should be noted that in two of the three phenyl-
ketonuria females, glomerular fittration rate r{as increased.
The mechanism of this sti¡nuration h¡as not clear fron this study,
although the patients did not appear crinicall-y affected at
the time of the study or in t}.e lz years since. rt is conceivable,
however, that shourd the increased rate be due to increased
cardiac work leading to greater renar brood flow, this might
have deleterious effects on the patientsr hearth, such that
B-2-thienyraranine might not be justified as a J-ong tern treatnent
of phenylketonuria. Thus, the basis of the stimulation of
glonerular fil-tration rate r{¡as studied and is reported in a
l-ater section of this thesis.

The major result of this study rr¡as that the results
found in one primate, Macaca mulatta, hrere confirmed in the
intended recipient phenyrketonuric man: namery that
B-2-thienyÌalanine would stimul-ate the urinary excretion of
phenylaranine. rt thus had potentiar as a treatment of phenyr-
ketonuria.

I

ï

:f
rrj
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Di scus sion

These results confirmed those found in the Rhesus

monkey: ß-z-thienylalanine increased the excretion of phenylalanine
in the urj"ne by decreasing renal tubtrlar absorption of phen.yl¿lanine
auil i n 2 or the 3 pat.ients, increasing gromer.ular filtration
rat,c, as measurt:d by creatinine clearance. rn acldition, urlnary
phenylpyruvic ¿rnd phen.ylì.actic acid excretion ilrcreased in each
patient. The other pheny]-ketones (phenylaceti.c, orthohydroxy-
pht'nylacetic ) excretion increased in 2 patients but fell in
thc thi rcl.

Further B -2-thienylalanine depressed the level of
serum phenylalanine after an oral roacl of phenylalanine in phenyl-
ketonuric pati ents. This depression rasted for ó hours and

h¡as on average 47 .5!/".

Lönnerblad (93) has shom that rhe average time
for materiar to reach the ireo-caecal valve, after ingestion
js 178 minutes, with a shorter period for infants and children.
Thtrs, in most cases the phenyraranine swarlowed with
ß-2-thienyJ.a)-anine would have passed the absorptive surface
by 6 hours. Hence, a l-ate rise in serun phenylaranine vourd
not bc r.xpectcd.

As B -2'-thienylalanine is absorbed when taken orally
and j s large.ly excreted by the kiclney (a* cij scussed in chapter
rrr ) , rcnaÌ cxcrer.ion of phenylalanine would br' expected to
incrcase. This, tt-rgether with the mean 47.5% reduction of phenyl-
al¡t¡t-inc'abscr¡'ptionr suggests that by taking ß,2-thienylalanine
3Omu/kr¡ with meal-s, the phenylkctonuric patient coulcl consume
t.wi cc the ustra.l a.mount of phenylalani ne wi thout elevating serun
phtlnylalanine.

Thi s

t'el i eve many crf

rrf thc clisease.

worrld enable a nuch more liberal tliet and hence

thc tensions prestrntly associ¿t;ed with management

I
I

,]

þ

.l

!J
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(b ) I¡rtestinal

Eight mcntally l'etardccl, untreatecl, phenylketonuria
patiertts wcre ustrd including the three fenales used for the rena]
study - as in that study, permission for the study harl been
granted by parents or their guard.ians.

0'twù consecutivtr days they were fastecr for 8 hours
before the expc'riment. Throughout the study period they received
no food but h'ere allowed b,ater with cordiar flavouring after
each blood sampling, if they so tlcsired.

After a contror brooct sampre (o hours) was corlected,
the subject drank a load of l-phenyraranine lo0 n,/kg with or
wi thout 20 nE/kE of ß -z-thi enylalanine. This was ilissorved
in an orange cordial- drink at a concentration of 20 mg. of phenyr-
al-anine per ml . Repeat bloocl sampres r{ere drawn at r , lt¿, z

4 ancl 6 hours aft.er the injection of phenylalanirre.

0n rhe first day, half the patients had phenylalanine
only ¿rnd the other 4 the combination of ß -2-thienylalanine and
phenylala,ni¡re. 0n the next day those who had rcceived phenylalanine
only were given the combination and vice versa.

A typical study is shown in the accompanying Figure 12

whc rt' B -2-thienyì.alanine clear:ly d epresses the serum phenylalanine
levtrl response to the oral roact of r0o mg. of l-phenvraLanine.
A i¡rrantitative value for the elevation of serum phenylalanine
ab.vcr fasting -ì-evels cìuring the 6 hours was obta,ined by caJ-culating
the ¿rrea under the curve above the base rine; i.e. the area
in square inches on. the graph paper which was the same i.n each
instance.

These areas are shown in Table VII. It can be seen
that, in each case, the addition of Þ2-thienyraranine to the
or¿rl phenylaranine reduced the elevation of serum phenyralanine.
tls i ng the studcnt rrtrr test f or paired data, this reduction was
signìficar¡t (t = 5.353, p = ( .001). The percentage by which
the t'levation of phenyJ-alanine was reduced by sirnultaneous ingestion
of 8-2-thienylalanine was between Ll.q" and 70.y" with a nean
redr¡ctio¡r of 47.5% (Stanclard Deviation g.7B/").

I

*
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TABLE VII

Absorption of Phenylalanine After Oral Load of Phenylalanine
100 mg/kg trrith and hrithout B -z-thienylalanine

Area (arbitrary units)

Subject Age
Â

Phenylalanine
100 mgm,/kg

B
Phenylalanine

100 mgm/kg+
B-2-T àOngn/kg

Difference
A-B

Percentage
Reduction
in area

AA
AItI

CM

GC

RA
I{J
FH
FH
Mean

13
19
r7
18

606. 25
794.5
803. 5
703.25
350. 25
362.5
69t.zs
395. s
588.35
!32.82

537
236
445
395
225
tt7
37 5.5
230
320. 34
121.50

315.7 5
1ó5.5
279.78
!57 .56

5
5
75
)
0

66
558
357
403
125

75
00
75
75
25
5

11 .01
70.23
44.5
57.4
35.76
61.72
45.67
4r.84
47 .55

22
ó6
49
39

245

s.D.

B<A P= 0.001, T = 5.353

Elevation of serum phenylaJ-anine following an oral load of phenyl-
alanine (100 mglkg) is expressed in arbitrary units as the area
under the curve above base-l-ine phenylalanine levels as shown
in Figure 1. The addition of B-2-thienylalanine (20 mgm/t<S)
constantÌy and significantly reduced this elevation.
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These pal;ients who received this ß-2-thienylalanine
have been followed for 12 years since receiving the first acute

load of ß -z-thienylalanine. None have shounr any ill effects
clinjcally. Nearly two years later, prior to a,nother study,
haemrrglobin, red blood cell and white blood ceII counts, packed

cell- volume, mean corpuscular vofume, mean corpuscular haemoglobin

concentration, white blood cell differential; serum electrolytes;
plasma urea, gl-ucose, total protein, albumin, globu1in, creatinine,
scrum glutamic oxaLoacetic acri.d transaminase, alkaline phosphatase,

q¿rm¡na glutamy-l transpeptidase , l.actic dehydrogenase ( include
isoc'rrzynes), were measured. No consistent or signific.ant deviations
wrr.r'e fountl . Thcse results are shown in Table X.

In ¿ddition, the pal;ients showecl no t:linical disturbance
attributable to lt -2-thienylalanine in the l2 years following
the acute load of this compound.

I.lhile these resul-ts a.re comforting, they by no mea,ns

prove the safety of the compound. Further studies in experi¡nental

animals while on chronic dosage extending over several generations
(wi th challenges by pathogenic intestinal organisms ) , chronic
and acute studies in the healthy human volunteers, and, finally,
long term exhibition of ß-2-thien.ylalanine in infants and children
with phenylketonuria are needed. Such extensive studj.cs are
bevond the scope of this thesis but are presently being undertaken

by thc author or .students under his supervision, and are tliscussed
in Chapter XIII.
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FIGURE 12 SERUM PHENYLALANINE LEVELS AFTER AN ORAL LOAD OF

lOO IlG/KG PHENYLALAI.IINE l,lITH (B) OR I,IITHOUT (A)

ts-2-THTENYLALANINE 20 fvlG/KG,

A Phenylalanine given alone

¡l-2-thienylalanine given with
phenylalanine

!

o I th.? f
T[rE t]t Hot ts

FIGURE 12: TYPICAL SERUM PHENYLALANINE RESPONsE cURVE IN A RETARDED
UNTREATED PHENYLKETONURIC ADULT GIVEN 1OO ME/TE OF PHENYLALANINE
ALONE ON ONE DAY (A) AND THE SAME LoAD oF PHENYLALANINE WITH È-2-
THIENYLALANINE (20 me/Te) oN THE NEXT (B) EFFECTIVE ABSORPTION
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EXPRESSED AS THE AREA UNDER THE cURVE ABoVE BASELINE FRoM O To 6
HoURS' (Oru sruDY A FASTING sERUM pHENvLALANTNE AT 0 Houns wls 29 nr¡ï,,
In sruov B IT wAS 15 me%), B -2-THIENvLALANTNE srcNrFrcANTLy REDUcES
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CHAFTER, VII

ftIE ETFEOT OF 2 WEFJI(S OF ORÂL CYCIOIÉ'T'CINE ON ST,TRUM PIIEI{TLAÍ.ANII{E

I.E'Y TS OF PTTENTU(ETONTIRIC PATIENTS

While ß-2-thienylalanine had been shown to be effective

in reducing serum phenylalanine levels in phenylketonuric patients

in An acute load, as a hitherto unused compound in humans, its

possible harmful ef f ects r{Iere yet to be fully investigated.

llt cause of thi s uncet'tainty, it was decided to test cyclol.eucine,

whir:h, although it had a l.esser effect on renal excretion of

pheny lalanine in the monkey, had two advantages: it had been

shown to cause an aninoaciduria in man including phenylalanine

({,8) as weII as rats (47Ì-, and it has been used as anti-cancer

chemotherapy in humans on a long tern basis with linited success

but, more importantly, little toxicity (94 & 95).

METHODS

6 of the 8 untreated, retarded phenylketonuric patients

previously described were entered into the study. 3 were nale

¿rn,J lì f ernale a,nd all estimations were conducted ef ter an E hour

fast.

Í'or the first two weeks the patients were nraintainecl

(ìtì tht lr norm¿rl diet. 0n day l and day 15 blood was dram for haema-

tolor'.içal and bioctremical studies (Tables IX,X), and phenylalanine

measurement by the method of l{ong et aI ( 52) . Pilot studies

hacl shown that cycloleucine does not interfere with phenylalanine

cst, irnations by this methocl .



serun phenylalanine levels in phenyrketonuric sufferers (on nornal diet) on no Treatnent for
2 weeks and then än Cycloleucine 20 ng/kg/day for 2 weeks.

TIBLE yIII

CONTROL PER.IOD

l.fEAN BEF'ORE CYCLOLEUCINE. . .

SM,UM PHENN.ALANINE LEVEI,S }ß %

ON CYCLOLEUCINE

Day lJ Day 19 DaY 22 DaY 24 DaY 26Patient Age

A.I{.

c.M.

G.C.

R.A.

I'I.J.

F.H.

MEAN

2t

1g

20

24

68

4t

0

4t
29

2l

4L.

22

29

34

44

26

7

4

6

8

0

4

36.2

23.7

26.5

30.2

34.6

23.4

29.r

33.0

25.7

25.5

33. 5

32.5

25.3

29.2

5
It

o

43

26

3

5

731.

33. 1

29.O

34.6

27.5

30.4

x
26.3^

32.5

32.5

32.2

MEAN ON CYCLOLEUCINE. . . 30.8

* Indicates not Fasting

- Indicates no sanPle obtained

TÂBLE VIII: The oral administration of cycloleucine 20 ng/ug/aay does not decrease serum phenylalanine
levels. Samples taken on day 29 were unabl-e to be analysed because of spectrofluorophoto-
meter breakdown-

o.

Day 1 Day 3 Day 5 Day 8 Day 10 Day 12 Day 15

30.8

26.5

16.3

32.8

25.8

23.t
25.4

25.0

31 .0

19. 5

2L.3

30.6

33.8

28.7

27.5

46.8 42

24.5 2t

36.8 42

45.3 38

44.5 35

37.8 30

39.3 31

5

0

8

0

0

7

5

30.0

30.8
v

22.7

28.7

48.8

26.2

28.8

34.2

35. 3

27.2

33.4

38.6
2r.6

37.6

18.5

36.4

31 .8

27.2

30. 3



Haenarolog of Phenylketonuric Patients before Cycloleucine (Days 1 and 15)

and afler two weeks of Cycloleucine 20 ng/kg/day'

ÎABLE IX

DAY Hb RBC PCV MCV MCHC I{BC
NEUIÎ,O- BOSINO-
PHIIS PHIIS

BAS LYM MONO
PATIENT

A.hI.

c.M.

1

15

29

13. 1

13.0

12.5

4

4

4

4

3

55

45

2t s',Á

32/"

34%

33.
l/'
3/"

L/"

32.5%

34.5i¿

90

88

85

t4
8r

28

4r/" 89

38.5/" 86

37.s% 87

5v"

53/"

48ø

7 69/"

t 67/"

5.9

6.3

7.8

9

8

1

t2%

L4/"

tt%

8/"

6%

8%

4%

vÃ

2q"

24/"

34%

t%

¡of
5/o

0

0
1

15

29

12.7

11 .8

3q"

34/'

t% 25/"

2t/"

t7%

1

15

1

15

I
15

29

t2.
14.5

14.0

13.9

14.0

14.0

13.9

15.1

14.8

t4.9
13. 5

31

4/"
aof
J/o

8/,

s%

3"/"

4/"

0

2/"

Lf"

0

3r"

2/"

5/"

2%

3/"

l/"

G.C.

R.A.

t{.J.

F.H.

1

15

29

4.7t 43/" 90

4.7 5 4t .5/" 87

4.81 4v" 8Z

5/"

34/"

33.

35/'

34/"

7.8

9.5
8. s

64/"

78r"

56/"

66/"

62%

73/"

27/"

ßr"

3t/"

l/" 26/"

4/" 28/'

8

7

8

4

4

4

15

58

20

88 45/. 91 32.5i¿

76 3e. si6 83 35.5i¿

89 4L/" 83

2

3

2 1/"29

29

5.40 ufl, 96 32"Å 6 -7 6z/" 5/' 0 zo% r3/"

5. 13 46"/" 89 32i¿ 8 -z 6s% 71¿ 0 r8'/" t2/"

31 45.ffi 84 0 11

44lø 84 34'r' 9.1 5M 21"Á tl¿ tyfr 6r¿

3yÁ 85 34.5% 8. r 4716 2vÁ o 41Á r1¿

31.

5

4

5I .1 41. 80 sú 2%1 M o.
N)

ÎÂBLE IY: Adninistration of Cycloleucine 20 ßglk,/day has no consistent effect on red or
In each patient ott ätt J sanplings platetets rùere reported as plentiful.

white blood cells.



ÎÄBLE X: Serum Biochemistry of Retarded Phenylketonurics on Normal liet (Days 1-14) and on Normal
Diet plus Cycloleucine (2o ne/ug/aay) Days 15-29.

Patient Day sodiun* !:ffit; chloridex Urea-- Glucosex Total+
Protein Al-bumin+ Glcbulin+

u
G.O.Tu

Âl-kaline G.0. Tu L.D.HuCreat-
inine-- Phospha-

A.I{.

c.M.

r44
L42
r46

103
t07
106

100
111

0.070
0.075
0.075

.o7 5

.07 5

t2
6

7

1

15
29

7
7
7

4.3
3.2

3.5
3.7
3.7

4.t
4.0
4.2

4
3

4.
4.

4.2
4.t

7
J
0

3
4
4

39
37
34

2.2
1.9
2.t

4.4
4.7
4.2

6.6
6.6
6.3

0
0
0

6

3
6

2
2
2

5
7
6

r87
239
13.9

t t42
15 139

6
1

7

4
5

8
0

t2
6
l2

24
2l
23

9
13

zt8
173

G.C.

1

I r4t
15 r37

.08

11
6
11

18
16
16

1

t67
r32
161

5
6
6

4
4
4

99
101

3
2
1

7
3
8

2

2
2

1

2
5
5

7
7
7

1

7
ó

4
4
5

2.7
2.8
2.8

8

5
3

0.070
0.075
0.080

R.A.
1

15
29

10

103
104
103

18
8
11

35
31
29

191
173

1

4
4

43
40

1

1

1

6
3

.4

.6

.1

4
4

.5

.6

.6

5.3
5.3

6
6
6

1

4
2

4
4

7
6
6

1

0
5

2
2
2

0.105
0.105
0.100z

I{.J .
1

15
29

42
43

1

1

1

.9

.9

.8

5.0
4.2

99
106
104

3
3

7
0

J
5
5

4
7

7
7
6

4
4
4

2
1

9

2.8
2.4

0.100
0. 100
0.090

20 33
29

8

9
307
t7r
2to

7

F.H.
| 142 4.6

15 r4r 4.5
4.5

101
r04
103

3.
4.
3.

2.

2.6
2.3
2.6

10

l2
6
t2

24
2l
23

9
13

7

2r8
173
198

4.6
3.0
3.8

9
8
8

4
4
4

7.2
6.6
6.8

8

7
7

0.075
0.075
0.08529 140

TÄBLE X: Serun biochenistry of phenylketonuric patients in Strath¡nont Hospital for the.Mentally Retarded. Bloods

-- 
drawn on Day r anâ 15 were before the adninistration of cycloleucine 20 ng/kg/day. Those on Day 29 vere
after 2 weeics of cycloleucine. No consistent variations rúere seen. Many of the lactic dehydrogenase (LDH)

values obtained. weie slightly elevated but these occurred in both the control and experinental periods.
plasna albunin levels on Day 29 were al-ways the sane or less than those on Day 15 but the variation was

generally less than occurred between Days 1 a¡rd 15 uhen no cycloleucine occurred.

* Units in nM/1. u = Units for glutanic-oxaloacetic transarninase (C,0t) alkaline
+ Grans per t'OO n_1. phosphatase (international units), garnma glutanyl trans-

peptiaase (c'cT) and lactic dehydrogãnase (tDH) - ,3
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0n days 3, 5, 8, 10 ¿nd 12 blood was drawn for phenyl-

a-l ani ne and t¡'r'osine estimati on only. 0n day 15 cycloleucine

w¿rs start.ed i.n u dose of àOnç/kç/day in 3 divided doses immediately

bef ore nreals in the f rrrm of 200mg capsules, and blood was drawrt

for estimations as listed above. 0n days 17, L9, 22, 24, 26

blood was drawn for phenylalanine and tyrosine. 0n day 28 blood

was drawn for estimations as on day 1 and 15. Also on days l,

I 5 and 28 the patients were weighed.

RESTILTS

The phenylalanine levels ere shown in Table VIII

No results were obtai.ned on day 28 because of a nalfunctiott of'

the s¡rt:ctloflttorophotometer.'However, the haematological and other

biochemic¿l estimations were conducted on that day;

It can be seen that cycloleucine did not reduce serum

phenylalanine compared wi.th the control period. Sinitarly, no

significant v¿r¡'iation between control and cycl.oleucine period

wcre noted in haematol-ogical, bi ochemical- or patientsI weight

data, (Tabl-es IX,XTXI). No clinical abnormality attributable

to r'.vt'l ol cucine was detected at that time , nor in the l0 years

following t.he administratj-on of cycloleucine.

us0lÞ$0N

'lhe inability of cycloleucine at this dosage Z}ng/day

to reduce serum phenylaJ-anine levels is perhaps not surprising

in vit'w of the minor degree of phenylalaninuria induced by it
in man (Brown (48) and Rhesus monkey (see Chapter III).
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TABLE XI

A.I{.

c.M.

J.C.

R.A.

I'I. J .

F.H.

TABLE XI

Body weighËs of ReËarded Phenylketonuric

Patients on Day 1 and 15 (before CycLoleucine)

and on day 29 after L4 days of Cycloleucine

20 ng/kglday .

DAY DAY

151

DAY

29

41.0 40.7 40 .4

49.3 48 .4 47 .L

s4.4 54.5 55 .9

52.0 5L.7 52.8

64.L 63 .0 63 .3

69 .5 69.3 69.8

Body weigþts in kílqgrans shq,,r no signífícarrt variatfon

between vtren m cycloleucine (by 29) vtre¡r ccnpared to

control weigþts (Days l- and 15).
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The haematological and biochemical data plus clinical

observations did not show any toxicity of this conpound in the

phenylketonuric patients tested. thus, this compound might be

of more varue in the aminoacidopathies where the amino acids

elevated are narkedry excreted in the urine in response to cyclo-

leucine, e.g. maple syrup urine disease. From this study cycl_o-

reucine at the dose of zong/kg. would not appear to be of value

in the treatnent of phenylketonuria.
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CHAPTER VIII

ffiN EfT'}:CT OF 9-2-NTIENYLAL/INIIIIE ANI) OÎTIER PÍTENTI.ALANIT{E

ANAI.OGI,I..:S ON PTIENYLI\LANIN¡: HYDROXTLÀSE AND PTIENYLAL/IXII{E

trfETAlþtISM ,ll V7VO

As mentioned previousJ-y, a difficurty in the inter-
pretatj.on of the effect of B-2-thienylalanine and parachlorophenyl-

aLanine on phenyralanine metabolism is the reported effect of

them on phenyìal"anine hydroxylase (37-39, ó3). Thus, while thise

two analogues wou.Ld tend to lower serum phenyralanine by their
ren¿rl a,nd intestinal actions, their inhibition of phenylalanine

hydroxvlase would tend to increase it.

rt was, therefore, decided to confirm the inhibi.tion

of this enzyme by ß-2-thienylalanine and parachlorophenylalanine

and to seek possibre inhibition by cycrol_eucine. rn addition

to st.rrdying the effect. of these three analogues on phenyralanine

hy<ìroxylase, aç1 in vi.v<t study of their effect on phenylalanine

met¿rbolism in the rat was conducted, the rat being chosen because

of its very high phenytaranine hydroxyrase conte't in the liver.(96,g7\

M!]TI{ODS

tr¿ viLno phenylaranine hydroxyrase activity was measured

írs clescribed in the analytical methods section. To each of the

initial sorutions was added either 0.1 mr of physiological. sarine

or 0. I mr physiological sarine containing one of the anarogues

to give the fin¿r folrowing concentrations lrz14,8r16 or 32 nicro-
lntrlr:s pe r mr. Dach concentrat.ion of analogue and control saline

w¿rs compared with an identical homogenate of the same rat river
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arrd spo tted on the samr: paper . lloth the experinrental and control

.samples were counted as a batch. This removed the possibility

of crt'or due l:o lriologica,] v¿rr':in,tir.rn of a.cti vi ty of phcnylalanine

hydroxylase f rom one rat l-iver to another. Such variation ì{a.s

qu-Lt.e evident so that inhibition is expressed as a percentage

of control activi.ty. Each strength of inhibition was tcstecl

on five different rat livers.

RESLILTS

These are shown in lable XII .

It can be seen that cycloleucine did not inhibit

phenylalanine hydroxylase except at 1ó.0 millimol.ar concentrati.on,

a¡rd even that inhibition is to ír much Iesser degree than with

the other two analogues, both of which appear to definitely inhibit

plrenvlalanine hydroxylase ì-rt v)lztt.

ÎÀBI,E XTI

ln vi.t"n<t inhibition of phenaylalanine hydroxylase

St.rength of Inhibitor
(milIimol¿rr in final
so1 uti on ) 1.0 2.0 4.0 8.0 16.0 32.0

ß -2-thienylalanine
lìa ra r'.hlorophenyl-
anall i ne

Cycì oì r'ucine

+7. .5 *

-7.2

+7.4

-4.t

-20.0

+8,2

-27,O

-11.8

not
soluhle

+1.ó

-24.O -11 .8

-28.0 -27 .o

+20.3 +2.3

-31.8 -50.9

x Inhibition expressed as percentage (increase or decrease of
radioactive tyros-i.ne producti on) of value obtaincd when no
inhi bition adrleti . Each value i s a mean of estimations fro¡n
five different rat. Livers.
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lN V7VQ

Universally labelled ¡ "C phenylalanine was injected

intrapt:ritoneally as described in the methods section. Oontrol

¿tncl expcr.i.mental (where analogues were adcled) rats were al-ternated.

The quùntity of analogue injectecl was 150r 300 and 6OO ne/kg

for. both cycloleucine and parach-LorophenylalaRine corresponding

;rpproximately to 1, 2 and 4 miltimolar concentration, assuming

an even distribution throughout body tissues.

Similarly, the 83, 187, 333 and 667n9. of

ß-2-thienylalanine corresponded to l12r4 and I millimolar concen-

tr¿rtion if distribution throughout tissues h,as even. As it is

vel'y ì ikely that concentration woulcl be higher in hepatic water

t.han i¡r ot.her parts of the r'¿rtsr tissues, the actual molarity

to which phenyalalnine hydroxylase was exposed would probably

havr. been ltigher.

The r¿rts were adult, male, Albino weighing 2609.

to 350.q. All had food removed for at leest 4 hours before testi-ng,

but w('re ¿llowed free access to water. fntraperitoneêI injection

of universally labell.ed tuC phenyl-alanine, with or without the

analogue was performed under light ether anaesthesla. the rats

were t.hen placed in a flask through which a flor of roon air,

of ó ìitres per minute was maintained. the radioactivity of

t.he expired carbon dioxide was measured as described in the analytic

methods section,

Five rats were used, each from 3 to ó times. The

¿rmount of carb(ìn clioxide excretecl in one hour in arbitrary units

expressed as the total excreted in the same units over 24 hours
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varied markedly from 3V. to 73%. The time of peak radioactivc

excretion varied in each rat from day to day. However, in all

but two instances, the peak excretion occ.urred before 30 minutes

had elapsed. 0n this data it was decided to measure the total

radioactivity excreted over one hour with and without analogues.

RDSULTS

The se a,t'e shown i n tabul-ar f orm ( tabl-e XIII ) . The

trnits are arbitrary ancl equal the number of mm. of deflection

above rnean background that the needle-measuring activity deflected.

The graphic print.out is shown in Figure 13. Because of the

diret',tion of lotation of the drum, the gr.aph is read from right

to left, i.e. the conLrol period when no radioactivity had been

injected precedes the experimental on the right. In fact, there

was still some mild elevation above baseline 12 hours after in-

ject.ion. Thus, only one rat per day was used and the nachine

checked for caLibration by a radioactive cobalt source on eaçh

day.



Erc{.lRE 13.

INJECTION

BACKGROTJND

!
-H

EXAMPLE OF RECORD OBTAINED BEFORE AND AFTER

INJECTION OF RADIOACTIVE PHENYLALANINE



ÎABLE XIII

Carbon dioride production by rats injected with universally l-abelled
1.{C phen.vlal-anine with and without an analogue.

ANALOGUE Ê-2-THIENYLALANINE

Dose in mgl'kg. 667

E

88

C = Radioactive phenylaìanine alone injected.

E = Sane dose of radioactive phenylalanine plus anaì-ogue in dose stated given.

# t0 control and 10 experinental animals used for each dosage.

-)3 p < .02

+p <.01

Connent: Only parachlorophenylalanine significantly reduces radioactive carbon dioxide fron trC

phenylaJ-anine in rats.

{
N

60 80

E

r50 TT

79

C

300

83

E tJ

69 75

E

6oo

CYCLOLEUCITTÌE

8g

c

38

E

150

69 46

E

300

4 1

c

+2r'

E

6oo

PARA-CHI¡RO PHENYLALA.I{I NI

54

c

53

E

E3

6z

c

7r

E

t67

c

54

E

JJJ

69

C

70
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It can be seen that, as in the )n vt-t¡zo experiment,

parachlorophenylalanine had a profound effect on phenylalanine

metabol ism. ß-2-thienylaÌanine did not appear to affect t,he

proclÌ¡ction of radioactive carbon dioxide from phenylalanine in

corrtrast to its inhibi tion of phenylalanine hydroxylase in vì't'zo.

Cyc.lol. eucine ¡reithe¡' i nhibits phenyl alanine hydroxylase in vilntt

nor affects the carbon dioxide production from phenylalanine.

DISCUSSION

.tn phenylalanine there are 6 carbon atons in the

Renzent: r'i ng com¡rared to 3 in t,he side chain . The Benzene ring

i s r'¡ot split ( a necessary requisite f or the carbon atoms to enter

the citric acid pathway) until homogenistic acid is converted -l{

rnaltryl aceto¿rcetic acid. The first step of the pathway fiom

phenyl alan:i.ne to llomogenistic ac. j.d is its conversion to tyrosine

from ¡rhenyala.Lanine. Here, any i.nhibition of phenylalanine hydroxy-

ìase woulcì bc expected to severcly reduce the carbon dioxide

production f rom phen.ylalanine.

Thus, the ß-2-thienylala.nine results appear.anomalous.

In vi !.no, this compound inhibits phenylalanine hydroxy Lase but,

tn vittt, it docs not affect carbon dioxide procluction from phenyÌ-

a.lanine. If anything, it stimulates it, but this trend is not

statistically significant. llowever, these results are consistent

with those of Uderfriend and Cooper (63) who found that

B-2-thienylalanine does inhibit phenylalanine hydroxylase in

vitn<t, and Godin and Dolan (60) who reported ê snalÌ increase

in ladioactive carbon dioxide f¡:om phenylalanÍne labelled rith
ruC at the one or three position. Their dose of B-z-thienylalanine
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was l0rng. in t50e. rat. (67ne/kr\ which is smaller than the lowest

dose used in our experinent, but they collected c¿rbon dioxide

for mr¡ch longer periods. They suggest that the increascd catabolism

of phenylalanine is clue to B-2-thienyì-alanine competi.ng with

phenyì ¿rlanine for incorporation into protein. However, they

did not demonstrate any consistent effect of B-z-thienylalanine

(rn incorporation of phenylala¡rine into protein except pancreatic

protrri n.

The di ff erence between the ¿¡¿ v'LÌ'tzo and in vlvo eff ects

could be explained on the basis of the assay for phenylalanine

hydroxylase. In the i¡t t,i.izo experiment a honogenate is used

in which the hydroxylase is reLeased fron cells. If, as in the

iLt vLvo experiment, B-2-thienylalanine was slow to enter intact

cells (a possible explanation for its low incorporation into

protcin), then little or no effect on phenylalanine hydroxylase

might be expected.

These experiments do throw a doubt on the validity

r.rf using an experimental aninal with any phenylalanine hydro:cylase

¿rs a J,ong term model- of the use of the analogues in phenylketonuria.

Cycì.oleucine, which does not appear to affect phenylalanine hydro-

xyl.ase i-n v'i.La<t o4 )n vivo, would appear to be an exception to

this. However. a 2 week trial. in phenylketonuric patients of

this conrpound h¿rd sÌrown no effect. (Chapter VII ).

It therefore appears

cìr,ìolophenylalanine wou.l-d have

kt--to¡ruric ntan. The known side

that B-2-thienylalanine or para-

to be further tested ín phenyl-

effects of parachlorophenylaLanine

k

:ì
u
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in experimental animals make it unjustified to use this compound

in man. (3ó,38-45) Thus, ß-z-thienylalanine, which had an acute

effect of increasing renal- excretion of phenylalanine and appeared

to decrease intestinal absorption of phenylalanine, justified

further examination. As this has not been used in man, safety

studies would be required. Studies previously described in this

thesis indicated two major areas of concern. The first is nicro-

biological effects, and the second, the basis of increased glomerular

filtration rate.

The microbiological studies required are extensive

and beyond the scope of this thesis: indeed, they are the subject

of a Ph.D. thesis by Mr. K.J. Brown at Auckfand University.

gne publ-ished paper has shown that Shigella species are inhibited

by ß-2-thienyl-alanine itt viÅtto, as are most gram negative organisms,

but Salmonell-a species are not. (Brown, Tannock, Elliott and

Lines (98)). However, magnesium leveÌs that coul-d be expected

to be found in the hunan intestine protected the usual micro-

biological flora room from inhibition by $-2-thienylalanine. (99)

The basis of the increased glonerular fil-tration

rate was studied and is described in the next section.

*

,ll
_{t

:
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CHAPTER, IX

TTIE BASIS OF GIOMER,UL/IR FILIR,ATION RATE STII.II,LAIION

BY ß -2-TÍIIENTLIILIININE A¡ID PIIENTLIILIIT{INE

In 1944 Pitts (64) showed that both infusing glycine

and increasing dietary protein el-evated glomerular filtration

rate. Moustgard (65) showed simil-ar effects by infusing casein

hydrolysate and oral protein feeding. Both these workers used

dogs. Lindheimer et al. (66), using the same aninal, showed

that infused amino acids increased glomerular filtration rate

in the absence of an expanded extracellular fluid. Hiatt and

Hiatt (tOO) had also shown a stimulation of glomerular fil-tration

by protein feeding in seals at the same time as Pitts.

The work described in Chapter IIIshowed that parachloro-

phenylalanine and cycì-oleucine stinulated glomerular filtration

in Rhesus monkeys (Macaca Mul-atta), while ß-2-thienylalanine

increased it in 2 of 3 female phenylketonuric patients, as described

in Chapter VI.

It therefore seemed important to study further the

effect of B-z-thienylalanine on glomerular filtration rate and

the mechanism of the increase in rate, if this occurred. If

glomerular filtration rose as a result of higher cardiac output,

with increased cardia work, it might preclude the use of

ß -2-thienylalanine as a treatment of phenyÌketonuria.

The dog was used for this study because the laboratory

the candidate h¡as working in at the time was very experienced

in cardiovascul-ar studies in this animal. It h'as also known

that the dog did increase gÌomerular filtration rate in response

to natural amino acids. (ó4-66)ï

:ì
-q
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I'fETHODS

In the first instance, each dog was used as its oun

control and four experimental groups and one control group (in

which no amino acid was infused) of 5 or 6 dogs were chosen.

As there were changes with time, it was decided a further experiment

with 2.Og/" phenyJ-alanine infusion which had shown most effect

be conducted with a further 6 dogs to compare the first 90 minutes

with the first 90 minutes of the control- dogs.

Infusions used in the experinental groups h¡ere O.59"

phenylal-anine, O.5e% of ß -2-thienylalanine, 2.0e% phenylalanine,

2.Oe/" phenylaÌanine pl-us O.59" ß-2-thienylalanine. These solutions

r,vere given intravenously in physiological saline (O.99" Na C1)

containing inul-in and para-anino-hippurate to a1low determination

of glomerular fil-tration rate and renal blood flow as described

in the methods section.

Each dog Ì{as prepared in the foÌlowing fashion: they

l{ere premedicated with morphine and anaesthetised one hour later

with 5O/" Nembutal and 5O/" Dial with Urethrane 1.1rn1/kg. this

method had been used in over 1r000 dogs in the laboratory for

cardiovascul-ar studies and did not cause any significant effect

(after the imnediate induction period) on cardiac parameters.

The following were then inserted into the anaesthetised dog

a cuffed endotracheal tube, FoIey indwelling urethral catheter,

intravenous drip in the foreleg, bilateral fe¡noral canulae, and

a cardiac catheter was advanced into the pulmonary artery. Cardiac

output was determined by the cardio-green method of Hetze1 et

al. (tot¡.

I
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ïn thi s experi me.t phenyl.al ani,ne h,as creter¡nincd by

the spectrof .luorometric method described i lr the methods section,
as amino acid analysis was not avail.able.

r, the initiar experiments¡ using the dog as itg
Ùwn control, th.ee 30 minute control periods h'ere followed by

three 30 minute experinentar periods. To compensate for possible
time changes , a two way anal.ysis (dog,/time ) was carried out by

Spearmanrs Rank Correlation Cocfficient ( fOZ). This showed a

significant correlation (p <O.l) with time, and thus to deternine
the statistical signifj.cance of the various treatments and tiße
periods strhefféts method of simultaneous confidence intervar
was ptrrformed on various contr¡rsts (lO3).

This statj.sticel analysis

Miss .1. Herriman of the Medical Statistics
tlniver.sity Medical School.

was conducted by

Unit of the Auckland

RESULTS

T¿ble Xrv shows glomerular filtrati.on ¡:ate in millilitres
prrr m illute whil e Table XV gives the sa,ne values expressed

on a body wei¿qht basis. A tÌ{o-way anarysis showed no overarr
diffcrcnce whrr o.5e:/, phenyraranine or Ê-2-thienyraranine were

infr¡sed' Howt.vt'r, both 2.0g% phenyì-aì-anine arone and in combination
rvitlr 0.5e1, g-'¿-thienyld¿nine,increased glomerular filtration rate
(in mis/ke/min). This increase was significant at the less than
one percent lcvel.

!-or 2.05% phenylalanine infusion and for Z.Ogl¿ phenyl_

a l'¿rni'e plus o , Ser" ß -z-thienyraranine infusion, scheff és method

of s i mr¡rtane.us conf irlence srrowed that rJuring the 3o ninutes
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Changes in Glomerular Filtration Rate (ml/min) during three
J0 minute control periods; and three J0 minute experimentaì-

periods foì-ì-owing addition of Amino Acid to Infusion.

CONTROL EXPERIMENTAL

NO AMINO ACID

3o-óo 6o-90 9060-30-ó00-30

TABLE XIV

S.A. T{T

m' kgs

.78

.10

.97

.6+

32.7
88.0
83.2
70.7
52. 8
4r.5

6

7
8
2
1

47.
111 .

80.
59.

9
8

9
5
5
8

aJ
9
4
1

1

9
5
0
t
1

1

32
6Z

5O

58
46
39

78
77
76
58
48

1

4r.3
47 .5
66.8
68.6
51.0
3s. 8

0.5 grams % pHntvllLANrNE STUDY

64
92.r
39.4

0.9 grams % 1-z-'TULENYLALANTNE STUDY

COMBINED 92 + PHENYLALANINE STUDY

0-30

33.5
83. 3
67.8
46.6
50.9
4r.2

37.4
135. 0

61 .3
7r.4
55.6
42.3

8
2
2
8

J

103.
158 .
6r.

.1
a.J
a

.J
,

J
7
8

76
8o
56
IJ
43

5t
89

51 .6
ó1 .5
53.2
8s. 3
48.8
62.r

6
0
,
6

J
J

18.
13.
16.
n,
12.
t2.

8-5

iì4
75
97
68
6+

2
t
,
J
1

/ J.
63.
51.

6z

36

50
30
22

4t
69

9
2
2

5
R

18.2
20.2
13.0
18.0
17.0

6r
68
45
40
58

31
76
39
5z
z4
7t

36.0
52.3
41 .0
43.8
28. 1

65. 1

14.1
20.0
14.2
24.9
19. 3
23.r

18
z8
24
t2
15

0
0
0
0
0
0

0
0
0
1

0
1

J/
91.
46

1

1

1

0

9

0
1

0
0
0

0

5
6
n

,
0

66.2
70.4
35.2
47.6
63.0

45.7
70.5
29.2
47.9
51.1

7
6

5
2
2
I

51 .3
30. 1

47.7
37.8
34.r
63. 1

4
1

7
5
8
8

42
zB

47
53
32
55

72.
110.
65.
52.

43
77
z5
72
JJ
80

20
56
4r
65
29
68

t
.4
.6

.5

.5

64
78
52
87
57
87

68

2.0 grams % pHTNIyLILANTNE STUDY

J
9
8
1

4

4
8
0
2
1

9
8
0
2

7

50
5o
30
6o
59

1'

8¿
90
5O
8¿

78

60
o?

6o
04
84
05

59
75
05
79
44
97

0
0
0
0
0

2
a

8

J
0

7

40
82
39
4aIJ
39
75

54
JJ
43
57
40
59

,
5
0
4
8
0

2
6
1

4,
0

49.4
2t.5
50.9
54.4
22.4
49.7

40.4
¿J. I
49.3
50. 9
32.4
53.9

8¡.6
40. 5
50.2
6l.g
38.6
66.2

r4
L6
24
r7
10
23

0
0
1

0
0
0



80.TABI,E XV

Changes in Glomerular Filtration rate expressed on a body wei.ght
basis, comparing three 30 minute control periods with 3 similar

experimental periods when amino acid added to infusion.

GLOI'ÍERULAR FILTRATIoN RATE nlsfkgfnin.

0-30

3.42
3. 33
J. / /
3.97
5.05

3.72
0.70

3.43
2.60
2.62
4.27
, ,.7

3.04
o.72

3.46

3. 19
0.47

3.53
1.30
z.o7
3. 16
2.20
2.16

CONTROL

3o-60

2.01
7. 50
3.83
3. 16

4.52
3.44

4.08
r.7r

6o-90

2.22
2.60
4.18
3.04
4. 15
2.gr

3. 19
o.74

76
89
20
13
29
JI

67
25

0-30

1 .80
4.63
4.24
2.06
4.14
3.35

3.37
1 .09

EXPF]IIIMIINTAL

3o-60 60-90

r.77
3.77
3. 56
2.59
3.78
3.24

3.rz
o.7 3

I
4
5
3
4
J

J
1

2
J
3
4
.l

a
J

0

J
J
2
,
J

J
0

MEAN!t sn

l'lEAN
tl SD

MEAN
TI SD

o. 5 grams % pHnnvuLANrNE STUDY

2

2

7
a

J
1

83
r9
69
68
48

77
97

4.ZO
2.86
2.36
6. ro
tn,

3.65
1.38

5.7 3
5.63
2.54
7.65
2.9r

4.89
1 .91

4.33
6. 33
3.r7
4.84
3.03

4.34
t.2L

.93

.33

.44

.94

3. 10
3.88
1 .80
3.01
r.7z
3.47
2.83
0. 81

3.66
t.82
t.94
2.20
3.34
2.7 4

2.62
0.69

6z
98
35

aJ
J
J
.>

3.7 5
3.61
8.52
3.62
3.08

40
38
48
25

2
2
,
J
aJ

,
0

)
1

1

2

4

2
0

0.5 srams /" }-z-THLENYLALANTNE STUDY

.66

.01

.78

.43

2.0 grams % pHottyl,¡,LANINE STUDY

.54

.94

.39

COMBINED ß2 + PHENYLALANINE STUDY

80
5z
69
29
10

48
93

77
52
3t
34
48

88
46

2

3
2
,
J

t
0

6+
49
7t
64
7L

24
46

5t
49
25

4.52
2.O

2

2
I
1

)

55
62
89
8¡
46
8z

36
53

43

.05

2.2r
3. 38
2.7 5
2. 18
t.25
3.o7
2. 55
0. 81

2

4.
2.
J.
)
aJ.

J.
0.

3
,)

1

J
aJ
2

,
1.
,
2.
3.,

1
t
2
,
1

2

z
0

55
92
7o
o5
98
79

76
46

4
J
J
aJ
2
a
J

3
0

85
11.83

.8q

./3
80

MEAN 2.
tl SD 0.

o5
o2
28

o2
62

8q
44
00
96
18

34

3.03
t.70
r.94
3. 11

3.22
2.43

2.57
0. 59

5
z
2

3
J
2

3
1

97
87
04
95
78
88

58
24

.92

.03

.78

.33

.93
57

}MAN 2
!1 SD O

40 2.47
0.61

2.93
0. 8674
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'tABtE XVIa

0-3tr

\.7 5

Changes in Cardiac: Out.put (ljCres per minute)
threc J0 rninute control periods and three similar

pt:rìocìs aftcr amino a.cid addetl to inft¡sion.

CARDIÂC: OUTPIIT Lfnin.

CONTROL EXPIìRIMENTAL

3o-60

NT) AMINO ACID

ó0-.90 o-3o 3o-(lo bc-90

16

44
z6
13
J.t
81

,5.48
3.47
3. 7r')

4.4r
3. l9

4
.1

2

4
2

3

.)

I
4
.t

-5

2

2.02
2.45
2. 55
3.77
1 .40
t .57

0.5 granrs 
',i 

PHENYLALANII,íE

0. -5 grams % A-Z:1çF,NYLÂLÀN.INE STUDY

3fì
6:l
ó8
75
68

2.0 gra,ms % pHnnylnLANINIt sTUDy

1.76
3. l8
1 .98
2,22
1.73
1 .93

COMBTNED 82 + PHDNYLALANINE SruDY

4
.t
2

J
1
.)

2.40
2.67
2.47
4.r3
t.46
2.63

63
28
Ro

7Cr

óq
78

1.18
0.54
2.74
2.27
t.74
1.64

2.08
2.15
z.2l
2.70
r.47
1.75

1 .43
2.3r
3.30
2.43
2. 18

I .83
3.23
1 .61
2.06
z.2L
2.tt

54
05
ór
53

^t
,)

)

J

. _5-5

.4s

. tì-5

.lô

.93

?..it
t'. 3l

.50

. 4:l

4. 16

3.7:l
2. q0

I ..51

3. l9

1

2
ô
L

I
t

1

,J

J
I
,

74
54
36
46
-51

5o
94
78
48
78

I

.,

1

I

58
56
90
58
óç

r .78

2.03
2. 6l
3. tìo

2

4
2

4
,,

4

t.)
. s.r

t,t.)J
56
45
7o
78
78

2.51
L.+l
.t.ó7
.i . \t'ì
,ì.7t)
ì . ()()

1. 54
.ì. trz
3.03
3. 17

.1 .J¿

. JI

.55

. (r1

.02

.36

1.
.t.
3.

1.

I
J
I
I
1

I
¡,

I
,,

1

7z
88
47
32
35

74
08
74

t
3
2
2
I

l.
0.
2.
1.
1.
l.

57
44
07
36
06

96
r7

.)

)
,,I

92

I
J
2
,
o

e4
39
54
59
03
ó6

I
2
,

,
,

4z
6ç
36
42
08
04

t.t)7
| .44
4.27

2.27
2.60

t.72
0.89
3.88
1.69
2. r8

86

46z.t9



TABLE XVIb 82.

Changes in Cardiac Output per kg. body weight
comparing three J0 minute control periods and

three similar after amino acid added to infusion.

CARDIAC OUTPUT mls/ke/min.

CONTROL EXPERII"ÍENTAL

AMINO ACID

30-60 60-90

JlsD 97

NO AMINO ACID

60-90 o-300-30

295
193
198
195
259
467

lmAN 268

230
104
230
204
308

97.8
135
15ó
r46
224

lmAN 152
11 sD 3g

164
316
156
243
233
148

lmAN 210
tl SD 60

30-ó0

224
191
140
183
189
310

206
58

230
r32
tz0
t26
20t

t62
45

249
t82
178
t64
r37
226

189
38

t29
148
r52
183
119
2t4
158

32

109
136
r57
r67
114
r28

135
2l

ttz
119
136
120
t20
t42
t25

11

79
82.2

136
203
137

r27
45.3

86.2
170
159
131
62.3

122
4r.5

130
t62
113
85.8

91

116
25

93.
150
6t.+
99
4L

0.5 grams % PHNNYULANINE STUDY

2t5
66

}MAN
!1 SD

96. 1

t25
139
t22
158

128
20

82. 8
104
115
t23
Lt2
t07
t3.7

87.2
91.1

t20
t32
106

107
r7

0.5 srams % ï-Z-TNTENYLALANINE STUDY

84.6
150
233
176
195

168
45

t64
228
184
168
164
213

t87
25

166
94.5

181
2t5
567
t2l

103
180
283
153
98.8

164
6r

94.5
r42
113
t29

79 .4

111
23

95.6
t52
133
109
68.8

tL2
29

2.0 grams % pHnnyuLANINE STUDY

138
170
179
108
130
115

140
26

101
135
166
101
113

88

LZ5
159
139
92.5

Itz
84

119
26

113

tt7
26

COMBINED ß2 + PHENYLALANINE STUDY

t79
150
190
207
363
\72

MEAN 210
tlSD Tl

tt4
87.2

t74
158
223
113

149
44

t23
53.9

158
98.2

214
95.2

r24
51

84.2
32.7

111
r32
t7L
7t.3

133
32
83

7
J
6

106224
158 46



TABLE XTIII 8¡.

Cardiac Index (litres/min/uz¡ comparing three JO minute
control periods and three similar periods after amino

acids added to infusion.

CARDIAC INDEX

CONTR,OL EXPERIMENTAL

NO AMINO ACID

0-30 30-60 60-9060-900-30

6. +s
4.t3
4.27
4. 55
4.69
8.q8

I'IEAN 5. 51t1 sD 1.73

5. 33
2.66
5.72
3.83
6.74

MEAN 4.86
11 sD 1.44

.lz

.00

.35

.90

lmAN 4.78tl sD 1.26

3.29
4.4s
4.51
8.41
4.08

t'{EÀN 4.83tl SD 1.65

,
3
J
4
2

4
a
J

0

45

.87

1

J
2
2
1

ó3
13
87

2
2

J
2
z
1

2
0

30-60

4. 89
4.10
3.01
4.26
3.43
5.95

4.27
0.96

.90

.85

.8r

.49

.34

.82

.18

.29

.26

.15

.11

5
J
3
J,
4

J
0

2
2

J
J
c

2

.,

0

38
92
40
89
05
45

84
63

2.45
2.56
2.95
2.79
2.16
2.73

97 30

0.5 erams % PHENYULANTNE STUDY

72
2.61
o.26

J
/¿

2

4.43

3.29
o.7 5

2.23
3.22
3.46
2.28
3.49

2.94
0. 56

t.92
2.67
2.87
z.3r
2.47

2.45
o.32

39
99
¡6

.)

,
2
2
2

,
0

03
JJ
99
47
35

43
31

1

2

J
3
3

2
0

J
0
1

2

3
1

2

83
10
40
80
03

83
75

0.5 erams % ß-2-THTENYLALANTNE STUDY

,
3
a
J
aJ
4
a
-1

0

3.85
4.95
4. 35
3.87
2.86
4.69

3.85
6.86
3.70
5.61
5. 36
3.27

1

J
5
aJ
4
a
J

1

8¡
40
4t
77
26

2.24
4.00
6.57
3.27
2.r5

3.65
1 .61

.76

.73

2.47
0. 52

07
42
11

33
50

49
70

t

2
J
2

I
.,þ

0

05
20
63

r.87
3.82
3.70
2.8t
1 .36

2.7r
0.97

l"lEAN

SD+ 1

.73

.17

2.0 grams % pHnuYuLANrNE STUDY

3.23
3.68
4.23
2.49
z.42
2.53

3.09
0.68

COMBINED 92 + PHENYLALANINE STUDY

37
92
93
33
48
94

66
6+

2
aJ
J
2
D

1

z
0

93
46
30
13
06
84

62
64

aJ
3
2
1

2
2

z
0

05
5t
68
98
63
00

6+
54

15

72
95
04
48
5r

r4
94

3.95
2.08
4.24
4.68

13. 1

2.87

4.25

4.08
0.69

3.34
t.92
4.o7
3.44
5. 16
2.68

3. 59
r.o6

2.92
1.19
3.69
z.14
4.95
z.z6

2.86
t.2l

6g

2.3L
1 .01

2
0
2
2

3
1

00
.72
.61
.87
.95

5. 15

3.6



TABI.E )ffIIIA 84

Renal Plasma Flow in mls/min; combining three
J0 minute control periods with three similar

periods after amino acid added to the infusion.

RENAL PLASMA FIOI{ m1s/min.

CONTROL EXPERIMENTAL

0-30

22r
276
330
400
194
213

29r
2t9
292
r96
242

190
255
110
150
r97

240
230
130
266
209
254

186
r43
24r
254
r42
29t

30-60

168
444
308
369
208
188

265
252
195
208
2t5

r52
92

131
238
188

r27
ztg
150
227
181
242

198
163
244
22t
166
272

60-90

180
180
289
37o
165
174

0-30

168
238
260
230
150
zo2

30-60

125
1gó
267
256
138
2r8

60-90

155
2L3
299
r99
139
15ó

160
225
303
183
202

116
191
202
265
140

148
235
99

194
136
243

196
r87
179
t75
r28
220

0.5 srans % PHnnvr¿LANTNE sruDY

246
209
189
203
276

228
178
174
r97
259

381
230
244
164
250

0.5 grams % g_Z-THTENYLALANINE STUDY

160
r49
217
264
201

159
zto
29r
318
181

126
140
153
222
t52

2.0 srams % pHunyr¿LANTNE STUDY

r67
214
r42
193
173
285

320
zo9
161
262
2t3
282

173
22L
103
198
160
263

COMBINED 92 + PHENYLALANINE STUDY

242
218
252
232
170
26t

253
263
28t
304
152
308

2tL
189
196
194
135
242



85.TABLE XVIIIb

Renal Pl-¿rsma FIow in millilitres per kg. body weight
per minute comparing thrcrc 30 minute control periods
with three similar periods after amino a,cid added to

the infusion.

RENAL PLASMA FUJI{ mls/kg/min.

I'XPEIII I'fENTAL

30-60 60-90

CONTROL

30-60 0-30

8.0

10. 2

90óo-3o0-

8.6 8.3
11 .8
18. 5
8.80

6.0

11.3
12.7

11 .9
3.3

8.8
8.0

12.6
15.3
12.7

10.9
16. 5
11.3
tt.2

13.2
16.0

tz.2
16.4

10.0
17.8
16.4
13.4
14. 1

9.0
24.7
19.0
16.3
16.9
15.3

11.
15.
20.
17.
15.
17.

16.
2

}MAN
T1 SD

14.6
9.0
8.1

16.1
7.8

t2.r
16.3
r5.2

9
3
6

7
8

J

4
9

0

5
z
1

8
0

6

5

3.3
8.7
9.8
4.7
3.9
2.7

2.2
2.2

1

17 .7

rz.3
3.9

t2,7
3.0

13.4
3.6

16.8
5.1

17 .3
13. 5

12.5
3.5

0.5 srams % pHn¡¡yr¡LANTNE STUDY

0..5 erams /" B-}-IHLENYLALANINE STUDY

8.74
10.4
22.4
17.7
10.6

2.0 grams % pHnuyuLANINE STUDY

11
t2

COMBINED ß2 + PHENYLALANINE STUDY

21 .0
8.7

10. 1

13.7
r5.7

12.6
6.:
7.2

t6.4
16.3

13.6
7.4
7.8

16.9
17.4

11.5
2.7

13.8
4.4

11 .8
4.3

12.6
4.3

13.5
3.2

I'fEAN
rl sD

6.ll
9.46

15.5
14.7
8.2

10.8
3.6

92
.93
.8
.3
.9

.4

..1

6
6

11
t2

8

9
2

14.0
5.2

8.79
7.4

t6.7

11.9
3.5

8.35
4.6

10. 1

13.2
11.1

9.48
2.9

10.4
12.6
8.¿6
8.3

11.é
t4.7
11 .8

10. 5
11 .8
7.O
8.t
7.o

10.5

9.2
1.9

tz.3
11.1
7.3
8.3
8.¡

11.3

9.8
1.9

.7

.5

.3

.9

.0

.2

14.0
11.3
/.J

10,2
12.5
9.6

2211 .89.0
11 .0
10. 6
9.5
9.4

10.5

lmAN 10.3
11 sD r.7

10.
11.

lmAN 11 .

11 sD 2.

I"ÍEAN 1

t1 SD

17
10

9
11

10
11
10

10.7
10.0
8.1

13.1
4.3

10. 3
1.5

9.0
t2.3

10.0
0.73

15.1
11.5
8.0

11.3
13.2
10. 5

18. 1

11.3
11.4
17.7
r4.9
t3.4

t7.3
13.2
10. 2
13. 5
16.7
LL.4

14.1
9.9
9.9

12.8
16.3
11 .8

1

1

1

10. 8
2,1

11.6
2.2

14.5
2.2

t3.7
2.6

tz.5
2.3



TABLE XIX 8ó

Phenylalanine reabsorption (% of filtered load) comparing three
30 minute control- periods and three experimental- periods where

the amino acid (1) indicated was added.

60-90 o-30

96.9
97.r
90.2
95.6
71 .0

88. z
8.4

EXPERIMENTAL

30-60 60-90

96.
96.
90.
93.
61.

87
9

1

0
ó

9
6

6

5

96
96
92
93
69

89
8

98.0
98.0
98. 1

99.5
97.o

98. 1

o.79

97.r
99.4
99.3
99.2
97.9

98.6
0.92

9
6
6
0
aJ

3
0

96
99
98
99
97

98
1

3
2
1

2
aJ

4
7

94
87.
92.
9r.
76.

88.
ó.

.8

.2

.0

.02

.5

.9

.9

84
89
9t
88
66

83
8

0
3

5
6

74

5
9

7
9
5
1

2

5
5

0-30

I'ÍEAN 8
t1 SD

tl SD 13

88.7

I'ÍEAN 93.
t1 SD 4.

81.
8r.
88.
81.
84.

MEAN 83.tt sn z.

CONTROL

30-60

67
80
90
85
78

0.
7.

8
8

4
5
1

1

15

0.5 grams % pHnnvl,lLANINE STUDY

91.
94.

99.
82.
99.

92.
6.

2.0 grAMS % PUNNYU,LANINE STUDY

COMBINED ß2 + PHENYLALANINE STUDY

97.
98.
98.
99.
96

98
1

8
1

2
6

7

4
4

98
98
98
99
92

97
2

93.9
80. 1

95.8
98.6
60.4

93.2
80. o
93.9
98.6
60.4

I
J
4
6
2

7
4

92
94
93
97
61

87MEAN 85. 8
14.2

0.5 grams % ß-2-THIENYLALANINE STUDY

85.0
t4.2

93.8
5.8

87.2
5.2

93.9
87. 1

98.7

6

7
J
5
0

4
0

92
91
99
89
99

94
4

7
0
3
6
0

7
2

9Z
90

3
2

3
0
1

6
8

91.0
83.9
99.6
95. 3
99.2

97
89
98 99.2

94.7
4.9

98
95
99

95
2

8

7
8

8
6

9
J
4
I
1

5
63

3
4
2
1

8

6

9

98
98
98
99
97

98
0

99.2
98. 8
98.8
99.8
97.4

98.8
o.79

7
4
I
7
9

0
5

90
94
96
96
8r

92
5

9
1

7
7
8

6
66

2
8
0

7
6

9
1

94
99
99
98
96

97
1

9
1

7
9
2

0
z

8o
84
88
9o
80

85
4

90.0
93.5
84. 1

89.2
78.8

98.9
98.7
98.8
99.7
98.8

99.0
0.37

86
87
g6

97
81

8g
6

4
J
0
5
0

0
.t

92
94
93
96
84

92
4

MEAN
t1 SD



TABLE XX

0-30
4aIJ
39
46
59
34
44

MEAN 49
11 sD 14

32
45
69
38
54

MEAN 48
tl sD 13

36
68
34
48
54

lmAN 48
11 sD 12

26
74
3o
69
38
49

I'ÍEAN 45
tr sil 17

39
25
7z
39
31
34

MEAN 40
11 sD 15

87.

St,r'okc Volume in MilIiIitrcs t'.onparing three 30 minute
control periods add three similar periods after amino

acids added to infusion.

STROKE VOLUME

NO AMINO ACID

ó0-90

30
27
37
49
27
ZL

32
9

o.J grams % pHnuYuLANrNE STUDY

30-60

55
23
35
59
39
29

4o
r4

6o-90

66
31
48
67

0-30

34
4t
4t
75
26
33

42
16

30-60

31
31
39
6¡
28
22

36
13

31
40

47
16

29
45
25
35

33
8

25
53
43
t7
24

32
13

3z
44
5z
24
28

36
10

18

43
39
r8
2t

28
11

24
39
35
26
24

30
6

31
69
19

34
24

0.5 srams /" I-Z-fiIIENYLALANINE STUDY

31
86
47
53
42

52
19

3t
70
37
57
31
55

47
15

36
16
6¡
37
36
25

36
t4

38
8r
49
46
34

50
16

34
58
r7
39
25

35
r4

35
6z
20
JJ
26

35
t4

35
r8

2.0 grams % PHEUYULANINE STUDY

z6
57
39
37
29
35

37
10

r9
4t
34
37
z6
34

32
7

22
42
33
3z
22
3o

3o
7

23

46
29
32
23
30

31
8

COMBINED ß2 + PHENYLALANINE STUDY

33
2t
6g
36
z4
29

34

3r
T2
60
z8
23
29

20
9

42
23
18
25

23
10

31
9

4L
29
r7
2t

31
15t4

zS
10



TÀBLII XXI Llr[T VHNTRICU] tlltK kS-M/n]Ln
tefîñîffi'F workffiñtlì-ivicte hy 6. tz)
trONTlìOL 0x Plilì r M|INTAL

NO AM.INO AOII)

88
(To obtain

0-30

I 0.06

(r0-<)t)

s.43
ti.3r
6. 3o
:i.82
e.78

30-ó0 6o- 30-60

3.2t
4. 17

5.03
5.ó4
| .52
2.56

3.69
t.42

0.5 grans % ¡un¡¡yllLANrNE sruDY

6.
4.
5.,
5.

.5.
1.

5
5
2

4

4
I

,¿

4
4
4
5

4
0

64
08
6r
(t2

79
96

8

5

"5

5
I
4

5
,,

ll
80
2t
À.1t+L

84
98

39
87

J
3

4
4
I
,)

3
0

2

5
3
3
1

J
1

.r5

.21

.17

.09

.36
4.09
1.5

24
49
6g
6t,
9t
44

7z
88

3
5
f)

3
3
2

3
0

23
62
37
77
29
B3

ó8
91

o-30

4.08
4. 56
4.20
6. r8
r.67
3.93

4.t
r.3z

90

50
58
9o
03
93
lì5
.!.)

I
IuinN ó. q,5

rt sD 2.4

6. _51

4.18
9.81
:)'t7
7. 5q

l"lil)\N ó.25
t I sD 2..1

:. óó
:ì. q0
'¿.45

3.7(r
5. 53

rqEÅN 3. fì8
tl sD 0.gg

:ì.9.1
q.87
3.47
9.12
ri .37
4.48

MEAN 6. (i2
Jl sD 2.7

ó.tg
1"11,^N 5.25tr sn t.z6

45
6

2
A(+

6

.)

J
!.

33
32
05
56

,)L

.8¿

.81

.40

.08

.75

.97

.52

2.55
4.20
4.92
l.9l
2.9o

3. 30
1.10

2.58
3.66
5. 13
2.2,6
2.87

3. 30
l,02

2.24
3.46
5.83
3.47
2.7 3

3.55
1,23

.56

.38

3.04
0.84
3.21
3. 28
2,29
3.14
2.63
0.87

0.5 srams /, a-z-rHtENyL^LANTNE STtJDy

.4t
1'

.94

.32

.19

.31

.99

3.93
7.74
3.90
b. r)l
4.01
6.42

,5.33
I .48

3.64
?.02
ó.66
7 .55
9.43
5.29

s.77
2.46

2.94
6.t7
5. 5l
3.55
2.28

2.8t
4.90
2. 3o
3.09
z.o2

3.02
1 .01

2.96
.5.03
2.72
z. r8
t.67
2.9t
1.15

2.0 grams % pnuNyl,ltANrNE sTUDy

3. 30
5.30
3.80
3.87
3.45
3.47

3.86
0.62 0. 78

2

4
3

4
4
2

3

5t
76
69
11
24
8g

7o

3
5
3
3
3
2

3
0

COMIIINED ß2 + PTIENYLALANINE STUDY
,1

3.
(r.
6.
5.

55

-).1

.35

5.1
l8

3
1

6

4
J
4

3
I

o8
76
39
44
39
60

q4

4

z.8t
r.27
5.80
3.0ó
3.85
4.32

3.52
1,4

I .85
0.80
4.29
4.26
z.g6
3.4r
2.93
t.z6



TABI,D XXIT 89.

RICIIT VENTRICULAR I{ORK kg-M/rnin

NO AMINO ACIDS

CONTROL EXPI'RI,MENTAL

0-30 30-(i0 6o-tro0-30

r.27
o.47
0.ó5
0. 3o
0. 5(r

0. rl4

MH^N 0. 7rj
1l sD 0.32

0.48
0. 3fl
0. 33
0. 33
0. 20
o.24

0. ,34

o. 9o

o.z3
0. 28
0. 81
o.4o
0. 33

z8
.28
.71
.2.6
.21

(t2

0
0
0
t)
0
t)

0
0

30-60 60-90

0.94 0.49 0.44
0.45 0.40 0.45
o.47 0.37 0.28
0.35 0.42 0.4 r

0.18 0.20 o.lg
0. 34 0. 39 0. 23

0.4ó 0.38 o.33
0.26 o.9o o. to

0.5 grams % puu¡¡yttLAliINn STtJDy

.91

.6r

.40

0.46
0. 59
0.21
o. ,52

0. ,15

0. t4

o.z4
0. 34
0. ó9
0. 20
0.44

o. 38
0.18

o.22
0. 32
o.57
o.zz
o.24

o.3t
o. t3

-51

J8
(tZ

57
tt,

0
0
I
0
0

.28

. ,r(r

.33

.7tl

0
0
0
0
0

0
0

0. 31
0.63
0.14
o.3z
0.18

0. 25
0. 53
0. 29
o. 5z
0.47

unnr¡ o.6u
11 sD 0.39

0. 29
0.4 I
o.'¿2
0.43
(ì. ,5q

l"flìÀN r).39
tl sD 0.39

o. z8
0. 59
0. 25
0.45
0. 18

0. 35
0. 15

0.26
0.58
0.14
o. ró
o. r8

0. 26
o. r6

o'32
0.17

o.4t
0.21

o. 3o
o.7o
o. r7
0.42
o.ló
0.35
0.20

ó0
75
35
42
45

0. 25
o. 9o

35
18

0.1 grams /" a-z-nULENYLALANINE STUDY

0. 4l
0.12

2.0 Arams % punnyuLANrNE STUDY

.-5t

. q.5

.92

. 51

0
I
0
0
0
0

0
o

25
09
36
35
27

0. 24
0. .17

0.7r)
t). -58

0.4 s

. 3tJ

.ll
0.44
0.87
0. .5.5

cl.6c
rì. 31)

0. _54

0. 56

o.'¿2
0.2r
0. 54
o. 5o
0. iji,

0.13
0. 23

0. 25

0.41
0.13

0'42
0.13

0. 55
0. (r9
0.4ó
0.42
0.35
0. 25

0.45
0. 14

?9

0.4r
0. 55
0. 55
0.49
0.37
0.19

0. 32
0.60
0. 55
o'42
0. 33

0
0
0
0
0
0

0
0
0
0
0

l"lli,\N
SDtl

/,t

0
0

NO
DO

o.47
0.160. 15

COMBINED ß2 + PHENYLALANINE STUDY

0.19
0.16
0. 55
0. 37
0.28

o. 3o
0. 13

0
0
0
0
0

0

2t
t2
53
z8
33

29

0.r6
0.OfJ
o.4t
0. 37
0.28

litt,\
tts 24.47

.r5 0. 13 t2



TABI.E XXI.II
9o

o-3cl 3o-60

TOTAL PERIPHERAL RI]SISTANCE DYNES /t<s/ntn.

CONTROL
No AMIN. AcrD,s E*PERTIIENTAL

ó0-go 0-30 30-60

I gb9
264q
.ì621
l90.ì
220 5

I -37
NìiÂN 2347

1 I st) ólB

1e9_5
2864
r872
30c)g
189-5

MEAN 2945
t I SD 1139

493e
3074
4921
3191
231 l

MtiAN 368Si I sD ro.5fì

4325
| 457
4140
I 57(i
:575
.) !,ìt¿L -\ /

M$AN 27 rtì
1 SD lr37

2594
3020
5304
l9:l5
3018
24t2
3047
1 076

2330
304ó
4148
21ó0
3972
3306
3160

748

4t63
3742
4045
2t29
4598
3343
367o
789

4629
4078
4544
2332
4567
6ro8
4376
11t 0

ó0-90

4227
4832
50ó3
3539
5002
57og
4729
ó8ó

6436
377r
3148
3453
4583
4278
1 180

6109
2672
4324
3386
8294
3776

459

5677
3093
5957
5043
470r
4545
4839

858

2= 0. g grams % pun¡¡yl,tLANrNE sTUDy

2',250

3720
5293
2ó3t
3474
r r8t

55t t
2257
3330
5748
3502
4070
I 345

6óóo
2854
3737
51 30
s388
47 54
I 384

ó078
3277
358S
-5311
591 1

46Sz
l 1ó3

3= 0.5 grams /" g-z-îHLENYLALANINE STUDy

7922
3043
3ltrs
252t
2768
38tì4
2o3t

4889
27 52
2389
276t
47 57
3510
1082

5s76
3469
6zsz
3376
6stz
5037
I 354

5742
31 t4
5282
4077
7t72
4957
2027

4= 2,0 grams % pHnnylnLANINE sTUDY

+

4325
ztg6
336S
'¿t87

4233
r 559
2978
r 0b4

5149
27tt
34ó1
3394
492t
2884
37 53

946

73t7
3862
3894
4tz8
5763
4o74
4839
r287

61 30
3267
5045
45oo
ó468
4472
4980

999

.5-= COMBINED ß2 + PHIINYLAL^NINE STITDY

3343
3:iq7
17tI
30.ì1
zzriti
'¿32t

t'{EAN 2ó79
!I SD ô2I

3945
48ó7
r976
3240
l (i5q

4025
328_5
1 143

4665
4995
2059
3526
3873
3996
3852
941

557ó
9429
zz66
629o
4766
5292
5603
2t23

7789
16280

3354
4859
574r
7456
7580
4r72

51 56
17o2o
4483
744ú
5746
86¿q
8083
4234



9t.
TABLE XXIV

248
230
375
91

326
t76

MEAN 240
11 SD 94

MEÀN
tl SD

792
191
259
326
198

353
225

539
322
315
365
242

I'ÍEAN 357
11 sD gg

MEAN

tl SD

415
165
6tz
165
266
256

313
158

0-30 30-ó0

TOTAL PULMONARY RESISTANCE DYNES/ug/nin.

CONTROL EXPERI}MNTAL
NO AMINO ACIDS
60-90 o-30 30-60

307
302
460
174
412
252

318
95

193
4t3
529
301

359
125

259
244
332
15r
378
259

27t
7r

5oo
329
35ó
r45
547
334

369
r30

633
440
25r
t70
57t
5ó0

438
172

6o-90

653
483
398
265
544
457

467
120

67t
311
436
395
403

443

713
348
232
440
8zg

512
224

105
42r
794
582
542
378

470
2IL

430
r776

507
794
679
493

837
486

0.J grans % pHnuyr,tLANINE STUDY

459
158
357
543
414

387
130

586
217
43t
594
449

455
137

652
25o
496
607
246

48ó
143 L2L

0.5 erams ß-2-THIENYLALANINE STUDY

8o

468
264
109
349
381

314
t22

373

484
246
459
219
40ó
130

324
L32

284
444
L7o
294
3r7
2t5
287

86

623
344
r85
303
253

342
150

24r
512
t62
zIt
152
201

246
r22

494
306
503
37o
472
2LO

393
108

118
446
576
495
500
274

402
157

104
402
ó86
504
ó93

511
416
381
396
592

459

597
389
276
489
75r

500
t64

2.0 srams % PHnuyr,lLANrNE STUDY

460
202

COMBINED ß2 + PHENYLALANINE STUDY

I'fEAN
tl SD

223
356
188
269
r90
182

235
6z

418
898
206
567
403
292

464
224

677
t628
32r
432
551
34t
658
450



92.

j.mmetli ately ¿r1'ter the amino acids were started, therc w¿ì.s a sig-

nificant.ly Ìrigher glomerular filtration rate than for the control

periods as a group. This f i rst. 3o mi nute experiment pr:riod was

a.l so signif i citntl.y higher th¿rn the irunedj ateì.y pr:ececling control

.ì0 minute periocì. The last. trvo periods (t hour) of the experimental

prìr'i(ìd wel'e not significantly differc'nt fron the 3 contro.l. gl-omerular

filtration r¿rtcs.

The same method of analysis showed that the first

i0 tninutes of the experimental group demonstrated a significant.Ly

hiqhcr glomer-ular filtration rate than t.he last half hour or

the l.¿rst hour of the experimental infusion. rt therefore appears

th¿rt t.here was an initial increase in glomeruJ.ar f iltration rate

af'ter the anrj no acid was added to the inf usion, but that th.ls

falIs away with time.

Tabltrs XVI to XXIV show cardiac or¡tput, cardi:f

indcx, rena I plasma f low, tubular reabsorption of pheny.r.atanine,

stroke vol.runt-', lef t ventricul-ar work, ri ght ventricular work,

total peripheral resistance and total pul-monar"v resistance, and

thcse results will be discussed as a group.

'Iht-'r'e is a f all in cardi¿rc output to almost half

the value of the first control period; however, a simirar trend

is setln itr t.hose dogs which receivcd no amino acid and statisticaÌ
¿rra ì ysis Ìry both two-way variance and chi squa,red show no si g-

ni ll i cance . sinri l.arly , carcli ac index and stroke volume dirj not

f aIì tt a qrt'rater ra,te af ter amino acid inf usion than i n dogs

that did not have amino acids in the ).ast Ç0 minutes.
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hlhen inspecting the renal plasma flow as shown in
Tables xvrrra & xvrrrb, it is clear that there is a slight tendency

for this to fall with time in the dogs that received no amino

acid, and this trend is not altered by the. addition of O.SE/"

of phenylalanine to the infusate. trtith the other three amino

acid infusions ( B -z-thienylalanine o.Sg/", 2.oe% phenyraranine

and phenyralanine 2.og/" prus ß-2-thienyralanine o.5e%) there

is a rise in renaÌ plasma frow immediately after the anino acid

is added. This corresponds to the period when glomerular filtration
rate increased nost. However, statisticar analysis showed no

significant rise at this time.

Examination of the filtration fraction in Tab1e

xxv shows that whire the varue tended to rise with addition

of amino acid to infusate, this h'as, of much smalrer degree than

the rise in glomerular firtration rate. rt arso tended to rise

with time in the dogs into which no amino acid was infused,

Statistical analysis of filtration fraction showed a significant

difference over tine in arr infusates (including when no amino

acid added) except when O.5e% ß-2-thienylalanine was added.

However, no pattern in change when amino acid was added could

be detected.

Thus, it can be concl-uded that gromerurar firtration
rate does increase significantry, albeit temporariry, with the

addition of 2.og% phenylalanine to the infusate with and without

o.5g/" of B-2-thienylaranine. This rise is accompanied by .a rise
in renar prasma frow and firtration. fraction which, however,

is not statisticarry significant. This suggests the possibility
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T^lll.,l': XXV

l,'i ltration I'r'¿rr:ti on compar.ing 'thr.ctr clrntrol pcri ods o1' 30 mi nutcs
with threc similar periods afte ¿rmino acids added to infusion.

CONTROL EXPERIMENTAL

o-30 30-60 60-90 o-30 30-60 6o-9o

NO AMINO ACIDS

I'ÍEAN 0. 23

!MAN

o.23
0.22
0.16
0. 21
0. 25
o.29

o.23

MEAN

0. 33
o.27
0.41
0.27
0. 30

0. 32

0.15
o.23
0.32
0.1ó
0. 13
o.26

MEAN O.2I

0. 30
0. 35
o.22
o.23
0. 34
0. 18

31
35
L9

0
0
0
0
0

0
0
0
0
0

.37

o.23
o.37
0. 39
o.37
o.24

t2
26
29
34
t7

o.22
0. 30
0. 20
0.19
o.z7
o.22

o.23

0.26
0.26
0.23
0. 19
0. 31
0.2t
0.24

23
35
27
20
34
zo

26

0
0
0
0
0
0

0

0
0
0
0
0
0

2L

4r
28
36
38
27

0.J grams % pHpnyuLANINE STUDY

o.27 0.32

o. 3o
0. 50
o.27
0. 32
0.18

0. 31

o.57
o.37
o.r7
0.18
0.45

0.35

.30

.33
,26

.24

.33

.3t

zl
JJ
22
26
15

0. 1g
0. 36
0. 33
o.44
0.18

0. 30

0. 31
0. 38
o. 3o
0. 36
0. 16

0. 30

0.46
0. 89
0. 35
0.47
0.18

o.47

.21

.77

o.37

0.5 grams % g_Z-THTENYLALANINE STUDY

JJ
33

0
0
0
0

t7
t7

0
0
0
0
0

0

43
35
38
20
29

33

0
0
0
0
0

0

32
34
t4
23
29

26

0. 36
0.50
0.19
o.22
0.34

o.32

o.37

o.27

2.0 grams % 1-z-THTENYLALANINE

0
0
0
0
0
0

0. 25

o.24

o.24

0.20
o. 38
0. 33
0. 33
o.27
o.3r
o.3o

o.29

0. 31

25
35

0
0
0
0
0

0
0
0
0
0
0

0

26
23
13
29

COMBINED ß-z-THIENYLALANINE rc. SE% ) lno PHENYLALANTNE (2.0PJ¿\

+

t
:

0.27
0.15
0.2r
0. 21
0.1ó
o.17

0.19

0.19
0.21

0. 19

0. 25
0. 18
o.22
o.29
0. 30
o.24

o.25

0
0
0
0
0
o

.16

.27

.27

.27

.29

0
0
0
0
0
0

0
0
0
0

20
20
20
z3
zo
20

0. 33
0. 15
0.18
o.z2
o.25
0. 21

r8
13
t9
23

26

o.z2limAN 0. 20 0.24
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of shunting of renal blood flow, as cardiac output, cardiac index

and stroke volume do not show any significant difference that

could not be explained by time alone.

hrhile it is not possible to determine such changes

of flow within various areas of the kidneys, it is possible to

neasure both peripheral and pulmonary resistance. If these altered

substantially it might be reasonabl-e to infer an alteration in

renal vascular resistance. Tables XXIII and XXIV show that both

these rose with time. statisticar anarysis shows that there

were no significant differences in those dogs infused with Z,Og%

phenylaranine (with or without ß -2-thienyralanine) when compared

to the dogs that received no amino acid during the experimentar

period.

One of the purposes of this study was to see if the

increased gromerular firtration rate induced by amino acids and

B'2-thienylalanine in particular was associated with any deleterious

effects such as increased cardiac work. rt has arready been

seen that cardiac output did not increase, and in Tables

XXI and XXII it can be appreciated that neither left nor right

ventricular work increased as a result of the amino acid infusion.

effect of

alanine.

Finally, the opportunity was taken to measure the

ß-2-thienylalanine on the tubular reabsorption of phenyl-

As expected, there !{as a high rate

with time

of phenylalanine

in those animals
t

þ

rì
rl,t

reabsorption which tended to increase
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I

that received no amino acid in the experimentaì- period. The

addition of phenylalanine at O.5E/" had no effect on this trend,

while at 2.Oe/, the effect r{¡as damped . I -Z-thienylalanine alone,

or in combination with phenylalanine, did not block the reabsorption

of phenyLalanine. Thus, in the dogs tested in this h¡ay

B-2-thienylalanine did not block renal- tubular reabsorption of

phenylalanine. Because the effect of the passage of time appeared

more pronounced than the addition of any amino acid, it was decided

to infuse 6 dogs with Z.OE% phenylaì-anine from the outset, and

to compare them with the 6 control dogs from the previous study,

using the J first half hour periods . 2.Og/" phenylalanine r{ras

chosen because it had caused the most marked deviations from

control- trends in the previous study.

Glomerular filtration rates in mls/min are shown

in Table XXïI and in Table XXVII. This value is shown as a function

of body weight.

No significant differences can be detected when

glomerular fil-tration is expressed as a function of body weight

which is in contrast to when the dogs were used as their or{n

controls; in that experiment when z.OE/" of phenylalanine rvas

added after 9O minutes, a significant but transitory rise in

glomerular fil-tration rate rr¡as seen.

variations

even when

The dogs

prising.

This difference is probably due to the high individual

between the glonerular filtration rates of each dog,

this value is expressed as a function of body weight.

were not selected by breed so this is perhaps not sur-
I'

Þ

ri

Y



TAßLIÌ XXVI

lix¡t.

Wt.kgs.

CÌomorular Filtration Ratc in 6 Dogs infused with
2,Oe/" Phenyìal.ani.ne in 3 thirty minute per:iods compared
with control animals recciving fntravenotrs Saline onl-y.

CLOMERULAR ¡'ILTRATION RATII ml s/mi nu te

Dxp.

6o-90

97

(con)

mins.

4t.
47.
66
68
5t

3ç)l2
l3
20
i7
19

2

4
3

7
1

0
ó

.t

llxp.

0-30

(con)

mins.

tìxp.

30-60

(con)

mirts.

(37.4')
(t3s)
(ó1.3)
(71.4)
(ss.ó)

(st
(ór
(s3
(8s
(¿8

6)
s)
2)
3)
8)

0
5

5
5
n

3t.
7iì.
ór.
77.

36. ó
59.0
56.2
63.2
97.7

31 .5
76.q
52.9
6s.z

116

(
(
(
(
(

3)
s)
8)
6)
0)

TABI,,T] XXVII

MEAN
Il SD

¡l- j0 mi nutcs
'¿.99 Q.77)
2.30 (3.42)
3. e3 ( 3. 33)
I .o4 (.3,77\
4.00 (.:1.97)
2.04 ( 5.05)
2.81 3.720.91 0.77

Experimental Control

30-60 minutes

48
6r
o-5

69

Experimental Control
60-90 minutes

(2.22)
60

04
4.1.s)
2.9r)
3. l9
0.81

tllornerular Filt.ration Rate, expressed per kg. body
wcight in 6 Dogs Infusecl with 2 .Og% Yhenylal-anine
in 3 thirty minute periocls conpared with Control

Anjmals receiving Intravenous Saline only.

GLOMERULAR FILTRATION RATE mls,/Kg/minute

tìxperi me¡rtal Control

c

5.
2.
l.
6.
1.

(2.
(7.
(3.
(3.
(4.

01)
50)
83)
16)
52)

z
4
2
l.

5
I

,t
I

89
31
8r
ó8
06
79

09
z4

(
18

0t
88

3. 39
r.75

( 3.44 )

4.08
I .87

I
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No significant differences in cardiac output, renal

plasma flow, stroke volume or ventricular work were seen. (Tables XXVIII

to XXXI ). However, percentage phenylalanine reabsorption was

mi.rr:kr:tìLy incrt.¿rsed when 2.Og/" phen.y).alanine was infused initi.al.Iy,

1'¡'r¡¡p¡1¡'¡rrì to those animals that received saline only. (tabte

xxrt)

DISCUSfìION

The study described in this section set out to examine

thc basis of the increase in gìomerular filtration rate caused

by the infusion of phenylalanine and/or ß-2-thienylaJ-anine.

In the dogs used, it was found that a sì.gnificant, albeit transient,

rise did occur when amino acid in the form 2.0É/" phenylalanine

r{¿rs aclded to the infusate af ter 90 minutes. A similar result

wirs obtained rvhcn the combination of 2.Og/" phenylala.nine plus

0. .5g7i ß -2-thien.yì alanine h¡as added at the same tinre. However,

nr.:i tht'r' O. -S*7i phenylalanine or ß -2-thienylal-anine caused a sig-

nificant rise in gì.omerular filtration rate but a similar trend

of ¡r brief rise i,n glomerular filtl'ation rate was observed.

Thcse changes in glomerular filtration rate were

aç(ìompanied bv rises in renal plasma flow and filtration fraction

n(ìt ass\)ciat(-d with increased cardiac output or ventricular work.

This suggl'sts that the short-lived stimulation of glomerular

fiìtration late wäs probably due to effects upon the renal vas-

ct¡lature. Certainly, the findings do not preclude the use of

ß-2-thienylalanLne on the basis of undesirable cardiovasculer

s i de-effects .
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T^[ìLE XXVIIIa

Exp.

0-30

r _51
'Ìt4
259
345
735
738

TAIIL!: XXYII Tb

Exp.

0-:i0

Rr.:nal Pl.asm¿ Flow irr ml.s/min j.n ó dogs infusc-d with
2.Oq:,I Phenylalalline compared to those infusetl receiving

sa.Line: thrç.e thirty minute periods used.

(con)

22t
276
330
400
t94
213

Exp.

30-60

155
105
287
219

to22
266

(con)

1óE

444
308
369
208
188

l5
t6

5

Bxp.

6o-90

113
r72
22t
256
686
327

(con)

180
180
289
37o
165
174

(con)

13.4
3.6

No si.grrificant differences.

Rcn¿rl Plasma Flows as ¿ funct.ion of Body hleight
(mls,r'kg.r'¡¡in).in ó clogs infusecl with 2.0g/, thenyla-lanine

comFarecl to contro-[ tlogs rrìceiving Sa]ine. Renal Pl.asma
FIorn' m.Ls/ke/min.

(con) lixp "

30-60

17.
16.

(con) Exp.

60_90

9
6
0

I
4

7
7

t1
15
13

9
38
30

8.9
12.6

11.9
15.3
20. 6 11.1

6.9
35. 5
13.5

17 .7
r 5.8
17 ,3

L4.7
9.6

t6.4
2,9

.0

.7

.0

.3
,9
.3

.8

.1

9
24
1g
16
1ó

.r

4
8

0

9

3
z

t2
7

t4
5

53
t0

8.6
10.0
17.8
16.4
13.4
14.1

Mli,,1N

tI SD

l9
l0

No s:ignificant differences.
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Cardiac Output in litres per minute in
6 dogs Infused with 2.0g1 Phenylalanine
in 3 thirty minute periods compared with

Control Animals receiving Intravenous
SaIine only.

CARDIAC OUTPUT litres/minute

100.

(con) Exp (con)

60-90

.44

.26

.13

.JJ

.8r

(con) (con)

Exp.

0-30

2. 10

4.31
5.2r
4.24
3.49
2.24

( con)

5.48
3.47
3.70
4.4r
3. 19
5.7 5

Exp.

30-60

r.79
3. 53
4.62
2.83
3.74
2.7 5

63
28
89
zo
69
78

4
J
2

3
1

2

28
39
10
7o
45
28

1

2
2
2

3
2

164
3
2

4
2

3

ÎABLE XXIXb

No significant differences

Cardiac 0utput as function of body weight
(mls/kg/min) in 6 dogs infused witt. Z.Os/"

PhenyJ-alanine compared to control dogs
receiving Saline

MEAN

11 SD

Exp.

0-30

151
214
159
345
735
738

188
78

(con)

221
276
330
400
t94
213

268
97

Exp.

30-60

155
105
287
2t9

to22
266

r69
65

168
444
308
369
208
188

206
58

Exp.

60-90

113
172
22t
256
686
327

12t
4r

118
190
189
370
165
174

189
38

No Significant Differences
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TABLE XXIXC

Cardiac Stroke volume of 6 dogs infused hrith 2.Ogl Phenylalanine
compared to 6 control dogs receiving Saline: 3 thirty minute

periods used.

( con) ( con) ( con)Exp.

0-30

35
54
65
65
39
43

5o
t2

73
39
46
59
34
44

49
t4

Exp.

30-60

36
50
5t
47
39
55

46

Exp.

6o-go

38
43
2l
49
43
33

38
96.7

55
23
35
59
39
29

70
L4

66
31
48
67
3r
4o

47
16

TABI.E XU

I'fEAN
tl SD

I'fEAN
tl SD

No significant differences.

Left ventricular work of 6 dogs infused wíth 2.Og/"
Phenylalanine comparing 3 thirty minute periods with those

of 6 controJ- dogs infused with Saline only.

(con) (con)Exp.

0-30

.97

.8r

.22

.15

.30

.t7
9

.78

.95

.5

Exp.

30-60

2.82
2.rl
7.50
4.80
4.60
3.74

4.26
r,73

2
2
8

7
5
3

4
1

10
5
6
6

3
9

6
276

06
43
31
30

(con) Exp.

60-90

2.OZ
I .43
3.08
4.70
4.30
2.85

3.06
1.16

7
6
4
5
2
5

5
I

6+
08
6r
6z
79
96

45
6

8.50
5. 58
5.90
5.03
1 .93
4.35

5.22
2.L

8z
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(con)Exp.

0-30

Right Ventricular work of ó dogs infused with
2.Og/, Phenylalanine comparing 3 thirty minute
periods with those of 6 control dogs infused

with Saline only.

(con) Exp.

30-ó0

o.2r
0.16
o.2g
0.59
0.52
0.22

0. 33
0.16

No significant difference.

(con) Exp.

6o-90

0
0
0
0
0
0

0
0

0
0
0
0
0
0

0
0

27
47
65
30
56
3o

7o
32

1

0
0
0
0
0

0
0

32
4t
43
92
57
24

48
22

.27

.34

.6¡

.65

.56

.30

.46

.16

o. 9r
0.61
0.40
0. 51
0.38
o.62

94
4s
47
35
18

34

46
26

0
0
0
0
0
0

0
0

I'fEAN
tl SD

o.57
0.19
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30-60 minutes 60-90 minutes

Control Experinental- Control Experinental

0-30 minutes

DOG Control ExperimentaJ-

67.6

84.8

94.7

80. 3

89.2

8l.g

Percentage reabsorption of phenylalanine from glomerular
filtrates of 6 dogs infused with 2.0g1 phenylalanine,

comparing J thirty minute periods with those of 6 control
dogs infused with saline only.

PERCENTAGE OF PHENYLALANINE REABSORBED

No

90

19

92

85.

88

5

0

5

9

0

7

5

2

1

t

oR

99

99

99

99

J

4

5

6

9

6

7

5

8

99.8

99.9

99.9

96.3

99. 3

99.5

99. I
0.98

No data

No data

data

78

66

76

73.8
8.1

99.3

99.7

99.7

99.9

99.4

99.5

llmAN
tl SD

84
14

1

J

99.9 91.1

99.6
2.48

89.8
9.8

99.6
o.67

The phenylalanine reabsorption was significantly highe" (p <0.001)
when phenylalanine was infused.
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Tlrc comparison of' dog-s infuscd fro¡n the crlls€t with

2.0g1, phenyìal¿rrrirrc against thorie which had nü a¡nino acid added

to t hc i lrf us.rt*: showerl no signif ica.nt changes due to high i nd lvidual

vilriation, wi.t.h one excepti on: phenylalarrine reabsorption by

the rcnal tubule was increased when 2.0g/, phenylalanine was infused.

Irr thr: authorrs opinion this rt:sult is probably spurious. It

is noted from Tabl.es XIX and XXXII that pcrcentage rtrabsorption

is always higher when serum phenylaì.anine was rendered higher

b"r' thc arldi tion of phenyì aì.anj ne. This suggests t.hat aL Low

-levels of phenylalanine in the urine the spectrofLurometri.c method

rnt'asn¡'ed f'alsely lrigh in qrrantitating phenylalanine. Certainly,

the rcsul.t is incompatib.l-e with alI other stutlie s where it was

f rrunil that tubul¿rr phenylalanine reabsorption remaíned rel,atively

ccrrrsister¡t fr'r¡' any one animaÌ, tro matter what serum l.evel of

pht-rny I alan.ine was present .

'l'Ìri s f inding does rrot inval i.date the results where

rrr'.ilrirr'.y phenylalanine was measured in previous chapters because,

in t.hrrse instances, serum ¿ncl urinary levels of phenylalanine

w\ìr'L' high. f n addition, the measurenents done in lùisconsin were

hl, anrinlr acid analyser, a method known to give satisfactory results

bottr in that laboratory and elsewhere.

The primary purpose of this study was to determine

whcthur' ß -2-thi e-nylaì-anine might cause undesi.rabLe cardiovascular

cf'l't:'.:ts. Sr¡i:h r¡ndesirable eff ects were not seen and, thus, this

corìrpùurì(ì appe¿lrs safe to use in phenylketonuria from the cardio-

viìstrrr.l ;rl. asptlct,
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CHAPTI.]R, X

INHIBITION OF PHENYI.ALANTND IRANSFORT IN ISOLATED MUSH BORDER

VESICT,.ES IN Nffi RAl PROXTMAL N'il'LE BY O-2-IIIIENTL/II.ANINE

CYCLOLEIICTNE AND L -PTTENTLÂLANINOL

Thc wolk .,lcsc¡'ibed in this Chapter h'¡rs initially

c\)rì\'lucted at tlle Department of [ìi.or:henica.[ Genetics, I-tcGiì-l Uni-

vr.rs.i ty, Montleal under the auspiccs of Prof essor Charles Íjcri.ver'

and iater at, the Division of Human Nutrition, Commonwealth Scientific

Industrial Research, Glenthorne, South Australia while the candidate

was ernployed a.t Flinders University. ( ttre candidate chose to

work ¿rt the Division of Human Nutrition because of the facilities

tha t rr,ere readilv available to him there, and because there was

a J ong-standing cooperative rtrscarch effort in other areas betwee¡r

the l)r:partne.nt of Paediatrics at, Fl inders tln.ivcrsity antl the

Divisiru of Hunr¿rn Nutrition, C.S.I.R.0.)

The candidiìte is grateful for the instn¡ction in

h¡'t¡slt bo¡'r,ler t cr:huiqucs given by Susan T¿nel'lhouse in thc Divi sion

trf' Ili rrcht:m.ical Cerretic.s , I'lontrea [ . However, all the experiments

r'l r.'sclibt:d herr:irì at'e my omì work, exccpt for the enzymc assays

i L)r' wltich f r^trt:ei.ved technical assi stance from Lilliana [,attanzio

AS i t rv¿ìs irnpossible to couduct both the brush borde¡' experiment

¿{rìd nrr)iìsut'e iìrì3ymrìs on freshly prt:pared samples.

The corrccpt that ß -2-thienyl.alanine can inhibit the

ren¿ll. tubr¡lar t'c¿r.bsorption of phenylalanine has been chall.enged.

Prcvior.¡s work (Clh..III,VIrIX), h¿rs shown conflicting results with

glr'rmcrulâr f iltrati on rate being increased in sone species by

þ2-thir.rnylalanine, but not others. Yet, in a1.1, renal excretion

trf phcnyJ¿r.l¿¡.nint: i s int:r'e¿rsed when B-2-thien-vlalanine is givcn
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concr¡rrently vith phenylalanine.

Cycloleucine presents a similar p,icture with it being

alì agent that increases phenyì-alanine concentration in the urine

of man (47,48) yet as shown in chapter rrr, it did not decrease

rt'nal tubular reabsorption of phenyì-alanine. unfortunately,

it did not appear to reduce serum phenylaranine levels in phenyl-

ketonuric patients. (Chapter VII)

Par¿rchlorophenylalanj.ne was in no way superior to

these two ¿rgents in promoting renal excretion and, as it has

slrown itself to produce unacceptable side-cffeets' in a number

of specics ( 40-45 ), i.t was no longer invcstigated. However,

Shimomr¡ra ct ¿1. ( 105 ), havc shown that pheny-laìaninol (Fi¡,ure l{ )

is ¿lll agrìnt tltat rcductrs effect.i ve intestin¿r,l absorpt,ion of phe¡y.L-

¿rlrninc' in tlrc lat, and r.educcs t.hc absor.ption of phenytal,anine þ the

cvertccl gut s¿r.c of the h¡istar ra t . ils je junal transport

¿nd proximal renar tubular transport of amino acids show many

sinri l¿r| charactc-ristics, phenylalaninol was included rather than

par'.rchì.orr'rphenylalanine in these studies.

r\tETll0l)S

lì¡.ush

mctltotl of llooth

thern ftcrâ sul.¡..C by

border membr¿l,ne

and Kenny (53)

the technique

vesicles vüere prepared by the

and phenylala,nine transport j n

Âs di d lloot.h and Kenn¡'r we checked

Evers, Murer and Kinne (54).

that brush borcler nembranes

It¿r.l been obr.rincd by enzyme anal ysi s, but. the techniques used

and \ìtìzytnr¡s chrr.st:tr wcre dif f t:rent.

'lo rncasure a brush border associatetl enzyme alk¿line

phosplratast' rrr¿Ìs chosen. To measure an intracellular enzyme

sr¡cc inattr-cyt oclirome c recluctase was determined , and f or the

of
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FIGURE ]q : PHENYLALANINOL
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basolateral (plasma) membrane F1-ATPase was chosen and, on some

ocr:asions, Na-K ATPase as weII .

In all cases, the enzyme was measured in the initial

homt'rgentte and (ln an aliquot of tho brush border preparation, which

wÉrs actually used for determining the transport of phenylalanine.

Na-K ATPase was measured by doing three determinations

of the amount of NAD generated by the honogenate from Tris ATP.

The first determination (A) was in the absence of sodiun, the second

(n)+ i.n the presence of sodium but with the inhibitor ouabain

added and, finaì-ly, (C) total- activity hras measured with sodium

present and ouabain absent. In this manner Na-K ATPase activity

could be measured, as could potassium stimulated Mg ATPase. Jr

')$ The reaction involves the cyclic regeneration of adenosine
triphosphate (ATP) via pyruvate kinase (pX) in thepresenceofphospno-
enol-pyruvate (PEP). The assay is linked to the oxidation of
NADH via lactic dehydrogenase (l¡H). The end result is the
conversion of ATP by ATPase with NADH oxidation (see Figure 15 )

ATP +Pi+H+

FrGttRE 15
Pyruvate kinase

ADP + PEP

-,

ATP + ATE

PYRUVATE

Lactic dehydrogenase
I
12 LACTATE

NADH (oxidised NAD+

In solution (C) the total activity is measured (by decreasing
absorbance as the oxidation of NADH to NAD is measured). In
solution (B) ouabain is present and this is a specific .inhibitor
of Na-K ATPase and thus any rate obtained is due to Mgz+ ATPase.
In solution (A) there is no sodiwn and the first step requires
both sodium and potassiun. Thus the rate obtained is due to
sodium insensitive ATPase activity. -)È

Cal-culation is done by subtracting the rate obtained when ouabain
is in the solution (solution (g) ) fron the total rate (solution
(C) ) as a measure of magnesium ATPase activity. This value
is then subtracted fron the total rate (solution (C) ) and
a value obtained for the ouabain sensitive ATPase which is
Na-K ATPase. The sodiun sensitive rate is calculated in the
same fashion except rate used in solution (A) is measured instead
of that in (B). This al-so is a measure of Na-K ATPase.

-)î See f ootnote next page.
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'fo 500 ul. of e¿r.ch of the soluctions (A), (B) anrl

(c) r+ was ¿rclded an appropriate cluantity of homog,ena tc (u,sual ly

20 or 40 ul ) , the content of the vial mi,xcd ancl íncuba tecl aÍ.

38o c for 2 ninute,s . To this wa.s ¿rdrlecr 14 " 3ur of Tri s-.ATp 60rnM

which gives a final cor¡centra+-.Lon of l.$mM"

The NAD generated. rvas measured a.t 340nM i n a oil f or.d

spectrophotometer.

Alkalirre phosphatase h/as ncasurecì by usÌ,ng p-nitrophenyì

phosphate as substrate which is hyclrolysed by alka.Ii ne phosph¿ztast:

to p-nitrophenol ancì ¡:hosphate. [{hile the substra.te p-nì trc,ptre¡yl

phosphate is colourl ess _, p-nitr.ophenoÌ a,bsorbs I i.ght strnngly

at 40-5nM" The ahsorb;rrrcc r;lt.e i.; clirect-Ly ¡lroporti,onaJ_ to the

âmor¡nL of ;rlkaline pho,sphatase in the homogena.tes.

450u1 g.lycylglycine bullfer na,cle as inrlic¿rtecì a.bove but

with pH acljusted to 8.0 ha.d 20ul of homoge¡abe aclclecl (,if thi¡;

di cl not gi ve a suffici,ent rc¿tc:tion the r¡uarrtì.t.y lr'as clor-rbì ccl ),
njxed a.trcl incttb¡ltccl at 3íìo C for 2 minutcs, To thj s t{¿rs aclclecl

l0¡.r-l of Zrnlul p-nitroplteny l- phtrsphatc a.ncl the ¿rbsorbancr: me¿lsurerj.

irrmeclj,aIt:lv at 40Srrl'f usi.ng a blue 'Inn¡';steu Jamp .in a Cilfo¡^ci

s pe tt t.ropho t omq: t er "

+ Sol,uti.on (B) (totaI ATp¿rse) contains (in assay tube) lactic
cì,ehydrogenase 14.3 l)fn7, pyruvate kin¿rse 23.3 u-f nL, phospheno-
pyruvate J. ldnrM, sodium chlori.de 80mM, oua.bain 2nM, niðotinamidc
¿Ldenosine rl.inucleoticle reduced form (ttAlH) o.zgmM in ãglycyþrycinebuffer which gives n f'inar concent,ration in tLr" 

- i"iny tubeof glycylglyci.nc 100m1'f mngnesiunr sulpha,t e fï2o znÌ4, H; IIDTA
0.ZmM, potassi.urn chl.oritle 20ml'f and sr.rcrose zlomu - il,i"- buf f eris. adjusted to Pu7'e wiLh IM Tris before being used for soluti.o¡(C). Solution (A) is rhe same asj (C) with thr: sodium chloridt:bcing omi tr;etì and r.eplzr ced with water, . sol_ution ( c ) is t.he
s¿nre as (n) 

"ittr ou¿rba.-i:r omi¡tecl and repJaccd with wats:r.
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Succinatt: cytochrome C reductase hras measured fol,).owing

trursting open thc rnit,ot:herncìr'i-a with potassium phosphatc-potassium

r:.y¿rn i rlc i n the Flres\Ìnce of the mitochondrial enzyne -succinate

cyt,\)(ìt¡rc\me C reductase and succin¿rte. It absorbs at 550nM.

To 450uL of potassium phosphate-potassiun cyanide

nixture # ,¡" homogenate was aclded, (initially 10pl but adjusted

to obtain a sufficiently neasurable response). This combination

was mixed and incubated at 38oC for 2 minutes. Then 10uI of

pt'rt;rssium succinate 0.5M in 50mM potassium phosphate (pH 7.2)

was a.ttded followed by SOut of cytochrome C 8Omg/ml in the s&ne

potassium phosphate bu:ffer. The optical density was immediately

measurc.d in the visible light of 550nM in a Cilford spectrophoto-

metcr'.

I'l -ATPase r{ras determined by measuring total conversion

of' NAI)H t o Ni\D and by measuring rlrc quanti tv that was not inhj.bited

tr)' ol igomycin . ( 2 ul. added to each assay of 4ng/nl clyom.vci n in

0.4if ethanol ) .

pyrrrvate kinasc and potassiun

C lrrduc t¿se ¿l ¡isity ) was addecl

¿r l-in;rl ccrnr.:ent¡'¿rtion of 2nM. this w¿rs incubate,J at 38oC for 2

To a ['1-ATPase mix containing, Iactic dehydrogenase,

in succinate cytochrome

as substrate to obtain

c.yanide (as

sod.ium ATP

mirìutr's following mixing. The hornogenate was added in sufficient

qr¡arìtity to allow cffective neasurement; usuall-y 20¡rI was sufficient.

ff Potassiunr cyanide mixture is ident,ical to solution (C) of the
Na-ATPasc cstimat.ion with the addition of 60 r¡I of potassium
cyanide (3.3mg/mf) to each 12 mls of it.
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The optic density was measured at 340nM using a uv filter and

Tungstrrn BIue lamp in a Oilford spectrophotometcr.

Assuming the origomycin completely inhibited F l-ATpase

thr.: ,¡uantity of this enzynte could be determinetl .

The enzyme activities were converted to specific

activitit\S by expressing them as p mol_e of product formed per

ht'rur per ng. of protein. protein determinations rúere made on

al-Lqrrots of the original homogenate and the brush border preparation.

In this walr the purification of the various cellul.ar fractions
cou.ld bc tìetermincd. ['or exampl e, in the experiment i llustratt:d
in !'igurc 3, the specific activity of arkarine phosphatase

inc¡.cased from 19.96 in crude homogenate of 96.50, a relative
enrichment of 11.6, suggesting that the brush border component

had been increased by at least this amount, the succinate cytochrome

c .erluctase specific. activity ferl from ó.36 in the crude homogenate

to 0.41, suggesting that nearly arr mitochondria had been removed,

while the Fl- ÀTpase aftered littlc g.l9 in homogenate and g,57

i. bnrsh borcler preparation thi-s enzyme is associated with

llte b¿rso-l¿rt.era L membrane whi ch presumably was little artere,l

l,) tht' pur.ific¿tion step.

Tht Na-K ATpasc h¡as not measured in this particular
experirnent but in others it paralreled changes in Fl-ATpase.

The rnean changes in these enzymes throughout arr
thcrsi-' t:xper.iments expressecì oÌt enrichment factor ( enzyme activity
i' brush border preparation/enzymc activity in crutle homogenate

¿tre shown in Tablc XXXII.I.

Tlre above studies st.rongly suggested that our prepar-

purified usual Ly five foldat ir,rns of renal tubular cells t{ere
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TABLE þüIII

Enrichment of Enzymes Associated with Subcellul-ar functions during
Purification of Brush Bordcrs from Rat Kidney

llnzvme Spec i f ic Âctivity

Crude Homogenate

Brush Border
Preparation

Ratio of Brush
Border Preparation:
Crude Homogenate

Na/r
AtPase

18.7(2.r1-
-33. 1 )

26.8(3.87
-72.3)

1 .41( O.2r .

-2. 18 )

Table XXXII: Figures expressed are units of enzyme activity/mg
of protein. Figures in brackets ( ) represent the range. For
Alkaline Phosphatase and F, ATPase 8 experiments are represented,
for Succinate Cytoc.hrome'C Reductase 7, and for Ua/f ATPase 3.
In every case the ratio of Alkaline phosphatase brush border to
crude homogenate rats was greater than l, indicating enrichment
by the brush border. Succinate Cytochrome C Reductase h'as always
markedly reduced, indicating clearance of mitochondria. FrATPase
showed inconsistent purification/removal.

15.8(4.04-
48.0)

o. 556( o.05-
r.2r)

0.049 (.003
-. 145)

17 .3(rt.4-
37 'r)

t4.4(3.54-
45.9\

o.922(0.43
-1 .9)

14.2 (2.98-31.0)

42.4 (r9.3-75.2)

5.2 (1.17-10.3)

Succinate
Cytochrome
C Reductårse

ATPase
1

FAlkaline Phos-
phatase
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in respect of brush border menbranes and, thereforer anY effect

of the analogues detected would be a reflection of their action

at, the brush border of the renal tubul-e. It was therefore decided

to proceed with an investigation of the effect of ß-2-thienylalanine,

cycloleucine and phenyl-alaninol on phenyì-alanine transport.

Brush Border Transport Studies

Initially a number of incubation times, phenylafanine

and ß -2-thienylalanine concentrations r{ere used, and the results

are shown in Table XXXIV. For all cyclol-eucine and phenylalaninol

studies, the concentration of phenylalanine doses rilas lnM which

was not only the concentration at which Evers, Murer and Kinne

did their studies (54) but corresponds to a level beLow which

many clinicians feel- phenyl-alanine levels shoul-d be kept to protect

children with phenylketonuria from brain damage.

Two concentrations of these .inhibitors were finally

investigated, equimolarr e.B. lmM, and half that amount 0.5mM.

The total volume of incubation solution l\,as kept constant by

reducing the volume of the buffer by the same amount as the amount

of inhibitor added. Four control experiments with no inhibitors

r{ere conducted and the uptake of phenylalanine and glucose in

the presence of sodium, or in its absence (replaced by potassiunr)

are shown in Figure 3. Clearly, the transport of both phenyl-

alanine and glucose are sodium dependent. The final active transport

of phenylaì.anine h¡as calculated by subtracting the amount of

phenylalanine transported in its presence at 30 seconds. A similar

Na-K phenylalanine transported at 0 seconds was measured and

this was subtracted from the 3O second value to allow for non-
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TABLE XXXIV

The effect of g-2-thienylalanine on Phenyì-alanine Uptake by the Isolated Brush Border
of the Renal Proximal Tubule of the Rat.

1

2

E:rperiment
Nunber

Transport of phenylalanine into brush border vesicles
of protein in brush border solution in the tine shown'
preparing brush borders because it has been reported to
caused by B-2-thienylalanine but it did not increase
individual variation reflected in high standard deviation
in phenylalanine uptake by B-2-thienylal-anine. However,
as eãch time B-2-thienylalanine reduces uptake in each case,

o.5nM

1 .OInM

is expressed as picanoles of phenytaì-anínefg
EDTA was added to remove magnesiurn used in

counteract the inhibition of bacterial growth
inhibition in this system. Because of wide

), student T test did not show a decrease
Sign test is strongly significant p <.001
albeit only slightlY.

Concentration
of

B-2-t}¡ie Ialanine
0.1nM

il

il

0. 1mM

il

il

il

il

il

il

a
J

4

5

6

0. lnlf
il

(

H
5

Incubation
time in
seconds

15

t20

90x60
15

30

60

90

201

15

15 + EDTA

15

15 + EDTA

30

30

Control
Phenylalanine

only

158(t7t )+

321(!t24)
t32(!27)
170(1118)

28s(rt32)
1og2( 11 12 )

3oo(J79)
164(trr8)

264se719)

2185(J991 )

4o2(!289)
288 ( tZ8 )

24537G6642)

t9746(!3702)

Experimental
Phenylaì-anine &

ß-2-thienylalanine
rt9þ97)
207( t108 )

123G47)

80( r37 )

226(!29)

860( r88 )

294G78)

91 ( r49)

zz49o(t3868)

15960( 13934)

t676(1253)

t744(!492)

254Gt32)
230( t62)

Concentration
of

PhenylaJ-anine

ll

ìt

il

il

0.05mM

0.02JmM

ll

il

1.OmM

1.OnM

o.5mM

il

il

il
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spec.ific binding of phenylalanine to the vesicles. This transport

rd¡r s t.hcrr expressctl in picamole s of phenylalan i nc transported per

mg. of proteÌn (as measured by thc Lowry method (5.5) in the brush

border solution). Glucose transport was determined in the same

way. The action of the three analogues are illustrated in Figs.

L6, 17 & 18. Tab1es XXXVa, b, and c sho the effect of each concen-

tration of analogue compared to controf values in their absence

on the same day, and on the same brush border preparation.

I

n
ú

j

I

r
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The effect- of ß-2-Thienylalanine on Phenylalanine
and Glucose uptake bv the l.solated Brush Bor<ler

Vesicles from the Rat Proximal K-ì-clney Tubul-e
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The Effect of Cycloleucine on Phenylalanine and
Glucose uptake by the Isolated Brush Border
Ves-icles f rom the Rat Proximal Kidney !-'ubul e
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FIGURE 1B The Effect of Phenvlalaninol on Phenylalanine and
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I-IGURE 1B: The act-ive transport of Phenylalan-ine
as r:utlined in Figur:e 17 an<l descr:ibred in Chapter
to be unaffectecl or stimulated by Phenylalaninol.
transport is unaf f ectecl by Phenylalan-inol.
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TABLE þ(XVa

Percentage Change of phenylalanine and glucose transport by B-2-thienylalanine

F.:rperinent Concentration
of

B-z-thi
0.18X
il

ll

1n-rl

0.1nü
ll

0.5¿Y

6 1.On-\

Transport of phenylalanine and glucose into brush border vesicles expressed as percentage change
when ß-2-thienylalanine is added to incubation nixture as shorm. Phenylalanine data is the sane
as in Table rrxlV but results have been expressed as percentages and the reduction of phenylalanine
is significant p < .001 by Sign test. Glucose transport does not alter significantly in the presence
of B-2-thienylalanine.

0

It

ll

il

il

3

4

5

0.lnY
il

H\o

Tine in
seconds

15

t20

90xó0
15

30

6o

90

201

15

15 + EDTA

15

15 + EDTA

30

30

Phenylalanine
lransport Change

-24.7r"

-3s. s%

-6.8/"

-52.v"
-20.7%

-2L.L%

-2.V/"

-44.s%

-36

-20

6"/"

2"Á

l/"

1%-20

-36

_8.4%

-t9.2"Á

-s.7%
+9.6%

+I8.8%

Glucose Transport
Change

+7.3%

+17.9"

-2.4/"
+7.8/'

-2.q.
+9.6%

-o.7%

-30.5%

+9

-1

2i¿

7i¿

+5.4%

Concentration
of

Phenylaì-anine

0.025mM

It

il

0.05nM

ll

ll

ll

ll

0 Stnt'l

0.05nM

1.OnM

1.OnM



l,ffect of 0..5mM or l.OmM (B -2-thienylalaninc), cycloì-eucine
irnd phenylal¿rninor on phenylaLanine transport iuto isor¿rtcd

ra.t, pr.oximal tubr¡l¿rr br.ush border vr:sir:les.

TÂBI..E )qXVb

PTf t.]NYLAtANI NU TIìANSPORT (prcn AM PIIOTIII N )

ß-z-THIENYLALANINE

Present

16,000

28, ooo

ÎÂBt,E XXXVC

"Á Change in glucose
trans rt

120.

ß-2-thienyl
alanine

-30.5/"

+5.41¿

llitt itr t¡{'
inhi bi t \)r' to
phenvl a l;r¡ri ne

0. .5

1.0

lì¿ti o of
inhihitor to
¡,hcnylalani ne

0. -5

1.0

tìffect of t).5mM or l.OnM cycloleuçine, phenylal.aninol andß-2-t;hicnylaranine on phenyraranine and- grucose transportinto isolated rat proxirnal tuburar brusñ border vesicres
expressed as percentage change

30,60042,50030, 6002,5947, 5,30

19,70027 ,5001 8, 7003,9209, 070

AbsentPresentAbsentPresentAbsent

PHENYLALANINOLCYCLOLEUCINE

-177¿+4.11'--8.,{/"+38,9/,-54.4/"

+6.211-7.8/"-r9,2%+47.L/"-57.9/"

Phenyl-
alaninol

Cyclo-
leucine

% Change in Phenylal.an.ine
tran t

0ycIo-
I cucine
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DISCUSSION

These results show that Ê-z-thienylalanine is an

i nhibitor of phenylalanine transport, but that the inhibition

of uptake into the rat renal brush border isolated vesicle is

only of minor degree. This inhibition is achieved without any

consistent effect on glucose transport. Cyclol-eucine also appears

to be a potent inhibitor of phenylalanine uptake by the isolated

brush border vesicles in the rat renal proximal tubule but, sur-

prisingly, phenylalaninol, if anything, appeared to pronote the

uptake of phenylalanine. This l-ast result is surprising in view

of the fact that Shimomura et al. (105) had shown that phenylalaninol

inhibited intestinal uptake of phenylalanine both in the everted

gut sac and in the whole rat. General-Iy, amino acid transport

in the small intestine and the renal rat proximal tubule is very

similar in mammalian species. However, there are differences

as has been described by Rosenberg et aI. (106 ) in the heterozygous

state of cystinuria.

Cyclol-eucine appeared to be the most potent inhibitor

of uptake of phenylaÌanine and. this, of course, fits with the

work of Brown et al. ( ¿a ) and Goyer et al-. ( 47 ) in showing

an amino acid caused by this agent in both man and rats. In

Chapter VII the candidate hras unable to obtain any significant

reduction in phenyì-alanine levels in phenyJ-ketonuric patients

given a supplement of cycloleucine 2}ng/kg. per day. In the

preceding Chapters the candidate has outlined the fact that although

B-2-thienylal-anine consistently increased the phenyJ-alanine excretion

by various mammalian species, this appeared to be, in sone cases,

due to inhibition of phenylalanine reabsorption by the proximar

tubure and in others, by increased. gl-ore"ul." firtration rate,
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or a combinati rrn of these two factors . The protnotion of tlxcr.etion

in the Rhesus monkey is outlined in chapter r l l, and is quite sig-

rrif icant | ¿r¡r increase of phenyl.alanine excr.etj-on of at least

two-f old . The¡'e hras a smalì br¡t signif i cant incrcase of phenyl-

al-¿rni.ne excreti on in thrce phenyrketonuric f emal e pat i ents given

B-2-thienylalanine (Chapter vID. IJecause stud ir:s in hunr¿n phcnyl-

ketonuri c pa ti cnts have ¡:roduced a 47"/, ¡.educti on of pheny.ì al anine

absorption when a B-2-thieny.LaJ-anine load h/a.s given along with

rìht'n.v la-[aninc , and bet'.ause of the finding in this chaptcr of

nö inhibi tion of phenyJ.alanine transport by phenyì.alaninol., it
\,r.:rs tìecidcd to look at these three agents cycì-oleucine, phenyl-

alanine and B-2-t.hienylaranine in a. nodel of intestinal transport,

and this work is outlinecl in Chapter XI.
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CHAPTTN, XI

ITIE DFFECT OF ß -2-ffiIENTLIILIINII{E , CïCI.oLEUCTNE ANI)

PHENYLIILIININOL ON PTTENYLALANINE TRANSPORT IN Nfi
EVERIED GUT SAC FROM IIIE RAT.

In Chapter VI it was shown that ß-2-thienylalanine
reduced the absorption of phenylalanine by phenyJ,ketonuric patients
to a significant degree. rt has also been shown in three female
phenyrketonuric patients (chapter vr ) that ß-2-thienylaranine
increased the excretion of phenyraranine in the urine, but this
effect was minor. Thus, it seems that the major effect of
B-2-thienylaranine is at the gut lever, and these studies were
undertaken to see if B-2-thienylalanine inhibited intestinal
transport of phenyì-alanine in an isorated gut system, and arso
to conpare this inhibition with that of cycroleucine and phenyr-
al-aninol.

rt rvas al-so decided to denonstrate whether the in-
hibition h'as competitive or non-competitive by the use of lfichaelis-
Menton kinetics. To use this kinetic model the rate of uptake,
v, must vary with the phenylaranine concentration in the manner
as shown in Figure 19. That phenylalanine uptake obeys Þfichaelis-
Menton kinetics has been estabrished by shimomura et ar. (l05)
Evers et aI. ( 54 ) and l{apnir and Moak ( fOZ ). The Michaelis_
Menton equation describing the kinetics of this transport is -

V = Vmax (rnn¡
(PHÐ-KM

where vmax is the naximum rate of phenylaranine uptake and KM

the Michaeris constant and v is equaì_ to the phenyraranine concen-
tration at which the uptake rate is harf the naximum varue (see
Figure 20 ). Measurement of the rates of uptake at different
concentrations of phenyraÌanine and the anarogue wirr distinguish
between competitive and non-conpetitive inhibition. rn competitive
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FIGURE 20 : THEORETICAL PLOT OF VELOCITY OF PHENYLALANINE UPTAKE

BY EVERTED GUT SAC IF SUCH UPTAKE FOLLO|,IS IVIICHAELIS-

|VIENTON KINETICS,

Vmax max

Vnrax

2

Km

Iene ]

V

FIGURE 20: IT UPTAKE oF PHENYLALANINE BY THË EVERTED GUT SAc

FoLLows lvllcHnel¡s-Meruroru KINETrcs, vELoctry oF uprAKE AS A FUNcrtoN
OF PHENYLALANINE CONCENTRATION WILL DESCRIBE A CURVE OF THE SHAPE

ILLUSTRATED, 104 (lvllcn¡ells coNSTANT) ls rHE coNcENTRATIoN oF
PHENYLALANINE AT WHICH THE VELOCITY OF UPTAKE IS HALF MAXIMAL
(Vmx),

i
I

I

i

I
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inhibition, the intercept of the double reciprocar plot of the
uptake curve, as shown in Figure 21, is the same in the pr.esence

¿rnd absence of inhibitors, although the srope is different.
This reflects the fact that Vmax is not altered by a competitive
inhibitor. The harrmark of competitive inhibition is that the
inhibition can be overcome by sufficiently high concentration
of the substance inhibited. In non-competitive inhibition Vmax

is decreased since the inhibition cannot be overcome by increasing
the substrate and this is illustrated in Figure 22.

The double reciprocal plot of phenylalanine uptake
can be used to determine Vnrax as shown in Figure 23. This plot
arso yields an apparent KM varue of phenyral-anine uptake in the
presence of inhibitor. The true KM value and also the inhibitor
constant, (Ki), can be determined by drawing the secondary plot
the slope of the double reciprocal l_ines shov¡n in Figure 24.
The decision to obtain kinetic data on the small intestinal absor.p-

tion of phenylalanine suitable to apply to the Michaeris - Menton

model influenced the choice of intestinal transport model used.
The whole animal is not much use because the number of potential
fates of a given dose of phenylaranine, and I'fichaeris-Menton
kinetics can onl-y be applied to the transport phenylal-anine across
one surface at a time.

Data obtained from a cellul_ar homogenate as in the
renal studies in the previous chapter witl be of use in terms
of a potential treatment for phenylketonuria onry if it courd
be estabrished that such data al-so held for more physiorogicar
systems. The everted gut sac appears to occupy an intermediate
position between an isolated system and the whole animal, having
the advantage of being more physiological than the isolated brush
border and yet measuring transport across onry one surface and

therefore allowing the appJ-ication of Michaeris-Menton kinetics.

i
I

Munck

there
amino

The rat hras chosen as the experimental aninal because
( 108 ) states that at the intestinal absorption leve1
is little species difference in amino acid uptake. Such

acid uptake has been measured in the small intestines

*

r'f
il,t



FIGURES 21 e 22: THE0RETICAL D0UBLE RECIPROCAL PLOTS 0F PHENYT-ALANINE

UPTAKE l^lITH COII/IPETITIVT (21) INHIBITORS AND NON-
CO|'IPETITIVE QD INHIBITORS OF PHENYLALANINE Tzo.
TRANSPORT.
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FIGURE 21: IT THE INHIBITOR OF PHENYLALANINE UPTAKE IS coMPETITIVE,
THE VELOCITY OF PHENYLALANINE TRANSPORT EXPRESSED AS A FUNCTION OF
PHENYLALANINE CONCENTRATION IN A DOUBLE RECIPROCAL FASHION WtLL
INTERCEPT THE Y AXIS AT THE SAME POINT WHETHER THE INHIBITOR IS PRESENT
OR NOT,

FIGURE 22: IF THE INHIBITOR IS NON-COMPETITIVE THE 2 LINES INTERcEPT
THE Y AX¡S AT DIFFERENT POINTS BUT ToUcH THEX AXIS AT THE SAME P'INT,
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FIGURE 23 : DOUBLE RECIPROCAL PLOT OF PHENYLALANINE UPTAKE

BY THE GUT SAC IN TIJE PRESENCE OF THEORETICAL

COI4PET ITIVE INH IBITOR.

Km
Slooe =' vr""

a
/

/

1

V

r2

I
/ 1
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y lr tercept =
v max

:J
!J

1xlntercept=-;;
Iphel

FIGURE 23: DousLe REctpRocAL pLor cAN BE usED ro DETERMTNE Vmnx
(suope = #l , THE APPARENT l(l,1 FoR nHENvLALANTNE uprAKE vARTES

}.lITH INHIBITOR CONCENTRATION.
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FIGURE 2q : SECONDARY PLOT OF DOUBLE RECIPROCAL SLOPES IN THE

PRESENCE OF INllIBITOR AGAINST INHIBITOR CONCENTRATION.

Km
Slope =

V¡¡¿¡K i

Km
y lntercept =

Vmax

xlntercept=-Ki lnhibitor Concentration

FIGURE 24: II-IusTnRIeo IS A THEoRETIcAL LINE PLOTTING SLOPES

OF LINES OBTAINED BY DOUBLE RECIPROCAL PLOTS OF PHENYLALANINE

uprAKE (ns n FuNcrroN oF pHENvLALANINE coNcENTRATIoN) AT vARIous

INHIBITOR CONCENTRATIONS, AGAINST THE INHIBITOR CONCENTRATIONS

USED, THE INTERcEPTS oF THE X AND Y AXES CAN BE USED TO CALCULATE

TRUE Km AND Ki VALUES.
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of rats, pigs, rabbits, nice, guinea pigs and even nan, and

the results from these systems have been comparable within experi-
mctttal systtvns ( tOB ). Thus, spe(ìies dif ferenccri can be considered
ncgli gibl e ¿tnd t,hc r¿rt is ¿r rt ad ily avai lal¡le cheap animal and

w¿rs thertrfore t¡sed in these studies. . The rats used were adult
rnalu Norwegian hooded. They wer.e kept in cages in groups of'varyirg
sizc but never more than six. ur'ìess otherwise stated, they were
f'ed commerciaì. rat. pe]-rets and given water freely. They were
sacri ficed as r:equired throughout the experiment by stunning
antl transection of the cervical cord. The jejunum and ileun
ìvere removed and the duodenal-jejunal junction was chosen ag

the upper point because it j s readily identifiable uhere the
gut. is clost'ly bound to the abdominal warl. The entire length
rrf srnall int.estine h¡as then removecl and washed in Ringer solution
¿rnd everted by tying one end to a gLass rod of approximatery
I år*. diameter ¿nd pushing this through the Ìumen of the gut.
The everted intest.lne was then washed in Iìinger. again to remove
the intesti¡ral contents and cut into l.engths of about 5cm.
These wcr(: then ti ed off at one end with a cotton ligature and
¿r loose rigature applietì to the ot.her end, loose enough to allow
tlr* inscrtion of a b.l.unt needle which wàs usecl to inject à -
lnl. ,.rf srìrorìal. metiium in a solution along wittr a smal I bottl.e
of ¿l i ¡' . Thr: ncedl e r{as withdrawn and the }igature purì.cd tight
to [)rcvent frrrthcr flt¡.id escaping.

EXI'I.,RIMENTAL METHOD

The filred evertecl gut sacs were preincubated in
Iìinger sol.ution at a temperature of 38oc and an atmosphere of
5i/' ctl"/95"1 0, for 30 minutes. They were then blotted and weighed.
Thcy were i¡rt--ub¿rted for an appropriate time (usual).y 5r l_5r ZOr 30róO
anc{ 120 seconds ) in the same medium plus phenylalanine and,
in i¡rhibition erperiarents, the analogue arso addecl was the radio-
ilt:t i ve glucose to ensure that the inhibition obtainetl was not
gcrrc ral- .
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Âfter the incubation, the gut s&cs wc¡'e taken from
the mccliun, washed rapidly three tines in 4oc 0.JM mannitoÌ solutiorr
I t)('ìml s. to ¡'('movc medium and stop further transport. The sacg

wùr'r' t'mpt ied and an aliqrrot of the solution which blotted the
serosal surface taken. They were again washed in mannitol,
bl.otted and reweighed empty. Each sac ü/as then praced in o. I M
nit.r'ic acid for 2 hours to obtain the i.ntrace]lular ftuict from
thc nucosaf r:ells. An aliquot of this h,as then taken, as was

ohr.r fron thrr incubation med.ium af ter removaL of the sac. Each

of t.hese ali quot s Ìvas placed i n a vial to which was acìded 1Oml s .

ol' AiìSII sci nti ll ation fl_uid and countecl in an ear (moctel 6892) .

'l'hc ori ginal medir¡m before inr--r.¡b¿r tion was al,so counted in the
s¿Ìnc \vay.

lhe

wa s rìxpressed as :

counts

amot¡nt of glucose or phenylalan.Lne transported

per minut e/sac + sac weight in grams

standard counts per minute

ar¡d it is this figure or its reciprocal that is pl.otted on the
Arap'rþr in this thapter.

The active transport of grucose and phenylal-anine
in the jejunum and ileum is sodium dependent as it is in the
¡'r-naI tubtrle. Thus that transport that occurs in the absent:e
of sodium (i.c. potassium Ringer) represent$ ¡ron-specific trans-
port., e.g. drf'fusion. To obtain this figur.c in each experiment.,
potass ium Ringer rvas usecl on s&cs from the same th¡.ee rats for
al -l washing, preincubation antl irrcubation procedures. T¡tr ,com-

¡rps ition of both .sodium-Ringer and pot.assium Ri nger is shown

in t'ab I r. XXIVI .

To choose t.he most physiologica.L range of phenyraranine
at which to cs:timate transport of phenylalanine, th¡:ee rats
h,ere sðcrificcd after. three different feeding regines -
(a) fl'ee ar.:t:ess to food for 24 hours
(b) fasted for 2{ hours but allowed water ad LLbifun
(.. ) fasted f'or '¿3 hours and then arrowed free access to food

antl alLorved f'ree access to water throughout.
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IABI.E )üXVI

Ringer Solutions used for Incubation in
Gut Sac Transport Experiments

Na+-Ringer K+-Ringer

140mMNaCl

KC1

KHCO
J

K2HP04

KH2P04

CaCl,

MgCl,

Glucose

1Oml"f

1.2mM

0.2mM

1 .Z¡nM

1 .2nM

1.OnM

140mM

1OnM

1 .2mM

0.zmM

1 .2¡¡M

1.2mM

1.OmM

Composition of the Na+-Ringer and the K+-Ringer (i.e. sodium-free
Ringer) for phenyJ-alanine uptake experiments. Glucose was onitted
fron the Ringers used in the washing and pre-incubation procedures.
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Àl I thr.ee rats wrìre kept in d¿rr.kness for the last
hour to encoì.rrajye eÂting for rats (a) and (c). They we¡,e thcn
s¡t:r'i f iced ¿ls above, thci r sm¡r ll int,trsl,ines removtrr'l alrcl c,ut
ittto I en¿¡t.hs of approximatcl.y gt:nrs. (as wi t.h gr¡t sacs ). The

trl'rlc'r' of tltc segments was rccorcled and thcir r:onte¡rts mi l.ke{
a test cylinder to neasure vohme. This chyme was suspcnded
i n lnrl. of water, vigorousLy shake¡r and t.hcn centrifugcd for
t0 minutes at 6,000 r.p.m. The super.natant was decanted and
ârì equal vol ume of 6% sulphosaJ-icyl.ic acid containing norl-eucine
as an Ìnterna.l standard was added. Aftel" mixing, the solution
was spun at 10,000 r.p.m. The, nol cl-ear, super.n¿rtant was subjected
to aminoacicl analysi,s as in chapter. rr rn this way a phenyJ--

;tl¿ttline concentration in the sequential segments of small intestine
h,as obtainecl for each of the rats. These results arc in Tabrc
\x\vlr and show that no constant pattern down the smalr intestine
was obtained and, surprisingly, the completely fasted rat had
the highest mcan level of phenylaranine. The overalr mean phenyr-
al¿rnine levcì h'as 19mM/1 so that studies were conducted on rats
th¿t were al.l.owed free access to phenylalanine and the phenyl-
¿rl ani ¡re concent.rations used to determine Michaelis-Ment,on ki netics
rt t ri. 0-20 nU/ t .

I.ìONTROL STIJDIIIS

lili*l d , schultz ancl cur¡:an ( to9 ) have shown , tha t
tt stetrdy state isotope flux across the gut serosa is not establ.isherl
r¡rìtrl 25-45 minures and Davey, Ilapmore and smyth ( tto ) have
shown that periods as short as 5 seconds give usefur results
f ol methionine uptake by ever-terj gut sacs . Thus, a naximun
pt:r'iod of two minutes was the initi¿rl. time course c,hoscn.

T. demonstrate that, the sacs vì,ere not l.eaking, l25r
¿llbr¡min h'as placed in the Ringer inside sacs in a pilot study.
Bec¿ruse albumin cannot permeate through the gut wall, its presence
in the incubating mediun must, be due to leakage and/or contamÍnation
of the mucosal surface on insertion. The three s¿rcs hrere incubated
fr;r 51 15,2or:ì0.ó0 or 120 seconds and the incubation mediu¡n counted
f .',r' 12-5r . The .esur.ts \{ere expressed as a percentage of the
iìnrount put i ns.irlc the s¿rcs. The resurts of each sac are shown
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TABI,D XXXVII

Phcnylalanine Content of Small fntestine of the
Norwegian Hoodecl R¿rt unde¡'t'.r¡ntlirions of (l) Feedlngarl Ub¿.turl
(z) l''astin¡¡ except for water (¡i) li'astecl a¡¡rj then Âl-lowed F<¡otl

for I hor¡r'

Posi t.i on of In t.cstine
rel,¿t.i ve to Dr¡codenal-
Jejunal .lunction

(r )
Free Access to

l'ood

(2)
Fastc'd except
for water

(3)
tr'asted and then
fed for I hour

(1)

(2)

(3)
(4)
( s)
(6)

Mcan

8.43rt'l

3.40mM

2.28mM

17. ómM

10.lmM

30. 3mM

l2.OmM

No d¿rta

7.77nM

32.OnM

1 2.4mM

30. 3mM

,50.OmM

2ó. 5mM

30. 3mM

14.4mM

24.3nt4

12.Snu

I 3.4mM

tS.omtt

l8.8mM

TAtltE segment 1 in each rat was the first 5cms. below the duodenal-
jejunal- junction; segment 2 the next 5cms. etc. In rat 2,
li1ìgllìrrrlt l, no i¡rternal standard was aclded to the chyme for analysis.
Ntr cr.r¡5i stent pa ttern of phenylalanine content was found, the
(rv(.t'iì I I me¿t.n concentration was l9.lmM.
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in Table xxxvrrrand indicate that in each case, less than L% of
the inserted radioactivity was found in the incubation mediun

- a negligible amount and consistent with contamination on insertion
of the 125r .lbu^in.

To further check that serosal transport was negligible
over the 2 minute period in which mucosal transport was to be

assessed, non-everted gut sacs were incubated in medium containing
t4C phenylalanine at the same time as everted, gut sacs from
the same rat. The resul-ts obtained are shown in Figure 25 ,
and demonstrate that uptake by the serosal surface showed a

simirar curve to that of uptake by the mucosal surface. However,

the degree of uptake of the serosar surface h¡as one-third to
one-half of that of the mucosal surface.

Whil_e this night indicate that the serosal surface
was capable of activery transporting phenylalanine, it could
merely be a refrection of diffusion and non-specific binding.
rf the l-atter was the case, the serosal uptake should (a) plateau
with ronger incubation, rtrq (b) be equal in potassium Ringer
soÌution as in sodium Ringer.

Thus a 10 minute time course rr¡as undertaken h,ith
everted and non-everted gut sacs and incubation in potassium
Ringer rrras compared with sodium Ringer for both everted and

non-everted gut sacs.

Figure 26 shows that in the 10 ninute time course
phenylalanine uptake plateaued at about 5 minutes in the non-
everted gut sacs, but continued to rise throughout the 10 minutes
in the everted gut sacs whose mucosa was exposed to the phenyl-
alanine.

Figure 27 shows that the everted gut sacs in potassium
Ringer (i.e. no sodiun) had a markedry reduced uptake of phenyr-
al-anine compared to when sodium was present. The absence of
sodium had no effect on phenylalanine transport in the non-everted
sacs. Both in the presence and absence of sodium the non-everted
sacs accumulated phenyralanine more rapidly than did the everted
gut sacs in the absence of sodium. This suggests that phenyl_alanine
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Use of

IABI,E NOTWII

125t-"rbrrmin as a Check on
Gut Sac Leakage

Incubati-on
Period

Volume of Leakage/Contamination
as % of amount inside Sac

Mean Value
for J Sacs

5 seconds

l5 seconds

20 seconds

30 seconds

60 seconds

Mean contamination

c
c

c4
c5
c6

Sac
Sa
Sa

Sa
Sa
Sa

Sac
c
c

1

2

3

7
8

9

3"/"

3%

s%

0.0
0.1
0.0

0.0
0.0
0.0

3
3
3

d
lo

0.08

0.03

0.03

0.10

o.67

0.11

0.34

Sac 10
Sac 11
Sac 12

Sac 13
Sac 14
Sac 15

0.03
0.04

0. 11
0.16
0.02

0.17
0.06

Sa
Sa

Sac
Sac
Sac

0.03

0
0
0

0g
09
o2

6
7
8

1

I
I 0. 10

TABI.E Mean contamination of mucosal fluid
leakage has not occurred.

of O.34/" indicates
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FIGURE 25 : PI-|ENYLALANINE UPTAKE BY EVERTED AÍ{D l'lON-EVERTED RAT
GUT SACS,
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FIGURE 25¡ PHeruylnuNINE uprAKE By NoN-EVERTED GUT sAcs .-¡-{ sHow
A SIMILAR CURVE TO THE EVERTED GUT SACS È ¡ T'T (EUT THE DEGREE IS
ONLY ABOUT I/3 THAT OF THE EVERTED GUT SNCS) OVER A 2 I"1II{UTT
I NCUBAT I ON .
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FIGURE 26 : PHENYLALANINI UPTAKE BY EVERTED AND NON-EVERTED

RAT GUT SACS OVER TEN MINUTES,
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FIGURE 26: PHenvuuNINE uprAKE By NoN EVERTED GUT sAcslr-.sHolrs
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FIGURE 2/ : PI_IENYLALANINE UPTAKE BY EVËRTED AND NON-EVERTED

GUT SACS IN Tl]E PRESENCE AND ABSTNCE OF SODIUN,
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FIGURE 2/; PHeruyI-RuNINE UPTAKE BY EVERTED GUT SACS IN THE

PRESENCE (T---.) OF SODIUM IS MARKEDLY GREATER THAN IN ITS
ABSENCE (SOTTO¡4 LINE), Iru THE NON.EVER ED GUT SAC THE ABSENCE

oF soDIUM (. lll.) to¡s NoT ALTER THE AMOUNT oF pHENyLALANTNE

TRANSPORTED AS THE MIDDLE T},{O LINES INDICATE NON-EVERTED GUT SAC

TRANSPORT OF PHENYLALANINE WITH OR WITHOUT SODIUM AND ARE ALMOST

I DENT I CAL.
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diffuses more rapidly across (or is more readily non-specifically
bound to) the serosal surface of the gut sac. However, the
transport is not sodium dependent and because of the failure
to continuc beyond J minutes , not activc. Thus r &ñX effect
of phenylalanine analogues in this system can be attributed
to their effect on the mucosal transport of phenyl-alanine.

Active transport of phenylalanine and gÌucose in
everted gut sacs was calculated by subtracting vaÌues obtained
in potassium Ringer from those obtained in sodium Ringer. A

time course of phenylaì-anine and glucose transport calculated
in this fashion is shorvn in Figure 28 It can be seen that
this is most linear over 20 seconds and, therefore, this period
hras taken for calculation of Michaelis-Menton kinetics and eval-
uation of the action of the three analogues effect on phenylalanine
transport.

EXPERII"ÍENTAL STUDIES

Two concentrations of each inhibitor were used,

5mM and 20mM. The ratter was approximatel-y equimorar with the
mean intraluminar intestinal concentration of phenylalanine
in the rat, and the former one-quarter of the concentration
- approximately the ratio in the acute roading experiment in
phenylketonuric patients given an acute load of phenylaranine
with or without B-2-thienylalanine (Chapter VI ). The phenylalanine
uptake by the everted gut sac l{as conpared in the presence or
absence of each inhibitor at these two concentrations.

Figure 29 shows that B-2-thienylalanine 5mM reduced
phenyraranine uptake by t7%, while 20mM ß-2-thienylaranine reduced
uptake by z5/:. Figure 30 demonstrates that cycroleucine reduced
uptake by l7/" at fnM concentration but 40% at 20mM. Figure
Jl indicates that phenylalaninol reduced uptake at 5mM and 20mM

by 24i¿ and 35/" respectively. The inhibitors had no effect on

glucose uptake as shorør in Tab1e XXXIX.

By plotting uptake of phenylalanine and concentration
both as reciprocaJ.s (double reciprocal prot) it h'as shown that
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FIGURE 28 : ACTIVE TRANSPORT OF PHENYLAI.ANINE AND GLUCOSE INTO

EVTRTED GUT SACS FROtvl RATS.
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FIGURE 28: SootuM-DEpENDENT (ncrrve) uprAKE oF pHENyLALANTNE
('-*ù AND GLUcosE (o--r) INTo EVERTED Gur sAc FRoM AN INcuBATIoN
SoLUTIoN C0NTAINING lmlvl eLucosE AND Iprlvl pHENyLALANTNE, As uprAKE
IS I'1O$T LINEAR OVER FIRST 20 SCCOruOS, THIS PERIOD ylAS USED FOR
AtL SUBSËOUENT GUT SAC EXPERIMENTS,
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FIGURE 29 PHENYLALANINE UPTAKE BY THE EVERTED GUT-SAC IN THE

PRESENCE At,tD ABSENCE 0F Þ-Z-THIENYLALANINE,
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FIGURE 29: Born 5 rqlvl AND 20 MIv| B -2-IITENvLALANTNE REDUcE rHE
TRANSPORT OF PHENYLAI.ANINE INTO THE GUT-SAC WALL AT THE CONCENTRATIONS
OF PHENYLALANINE SHOWN.
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FIGURE 30 PHENYI.AI-ANINE UPTAKE BY THE EVERTED GUT.SAC IN THE

PRESENCE AI,ID ABSENCE OF CYCLOLEUCINE.
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FïGURII 31 Phenylalanine uptake by the Eivertecl Gut.-sac jn
the Presence and Absence of phenylal j,nol ,

\

,¡
H

14

12

10

I

6

4

2

o

-¡OF

.lrrcÙlrll

Control

5mM Phenylalaninol

2OmM Phenylalaninol ,{

trl
Y
t-
3a
s3à,ÈAE
dÞ
iå
r¡JI
ô-

10

PI-IENVLALANINE CONC. (nrM)

I'-TGURE "i1: Bot-h SrnM anrì 20 nlM phenyr.¿1.[ani¡:ol ]:.r-:dur:r: t_]rc-:

t-rans¡rort oÊ Phenylalanine,r inLo thr¡ Gut-sac v;al I a1_ I.hr,
r:or¡cent,r:¿rt-ir¡ns of phenylalnnine ¡;hc¡rnrn 

"

51 2Ò

I



I

r44.

all .lines passcd through Lhe same point on the uptake axis which
inrìi cates that the inhibition is competitive (Figures 32, 33

& 34). A secondary pì.ot of' the slopes can then be obtaincd
års shown in ltigure 35 which then enobles one to calcul.ate the
Kn for phenyl-alanine (t.aSZ x t0 M), phenylalaninol (7.364
x l0 M) ¿rnd cycloleucine (Z.gZ8 x 10 M). Thus, aLthough
B-2-thienyralanine inhibits intestinal transport of phenylalanine
into the mucosal cell of the ratts smalr intestine, it is inferior
in this respect to phenylalaninol and cycroleucine. Table xxxlX
shows that neither varying the concentration of phenylalanine
nol the presence of anarogue affected the transport of grucose.

DISCUSSION

Iloth this sttrdy and the renal brush border study
(tìhapter x), show that both B-z--thienylaranine and cycroleucine
inhitrit phenyì.aranine transport with Ê-2-thienylalanine being
thc less effectivc phenylaraninor inhibited in the gut sac but
not the renal brush border. rn phenylketonuric man and Rhesus

nonkevs B -2-thienylalanine appeared to reduce the level of serun
phcnylalanine levels after oral loading with phenyraranine.
Despite the fact that cycloleucine is a significantly better
inlribitor of phenylalanine transport itt vi.Írto, in a chronic adminis-
tr¡rtion study at ZOmg/kg., no reduction of phenylalanine levels
wot¡Id be obtainecl.

This failure of cyclol.eucine to recluce phenylalanine
lc.vel.s coulcl rcflect -
(a ) The pati ent did not reccive the drug. The investigation

hrâs dependcnt on the nursing staff to give the cycroleucÍne
but, as all- subjects were mentally retarded, administration
nåy have been difficurt. Arso, staff may have been reructant
to give an experimental drug. unfortunately, amino acid
analysis was not available to the investigator and, thus,
t:ycroleucine revels could not be méasured, nor did the
investigator have the prescience to include a narker such
as ribofLavin.

( b ) lf¿rirure of capsu.Les to di ssorve in time for the cycroreucine
to be ¿rbIe to af'fect phenyralanine uptake. To ease ad¡ninis-

Þ

:J
u
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FIGURE 32 DOUBLE RECIPROCAL PLOT OF PHENYLALANINE UPTAKE INTO

THE EVERTED GUT-SAC IN THE PRESENCE AND ABSENCE OF

þ-2-Tll I ENYLALAN INE,
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FIGURE 32: THe coNrRoL AND BoTH p-2-THTENvLALANTNE LrNES pAss
THROUGH THE SAME POSITION ON THE Y AXIS INDICATING THAT ts-2-
THIENYLAI.ANINE IS A COMPETITIVE INHIBITION OF PHENYLALANINE UPTAKE
INTO THE GUT-SAC WALL OF THE RAT.
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FIGURE 53 DOUBLE RECIPROCAL PLOT OF PHENYLALANINE UPTAKE INTO
THE EVERTED GUT-SAC IN THE PRESENCE AND ABSENCE OF

CYCLOLEUCI NE.
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FIGURE 33: THr coNrRoL AND BorH cycLoLEucrNE LrNES pASS THRouGH
THE SAME POSITION ON THE Y AXIS INDICATING THAT CYCLOLEUCINE IS A
COMPETITIVE INHIBITION OF PHENYLAI-ANINE UPTAKE INTO THE GUT-SAC
WALL OF THE RAT.
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FIGURE 3'{ DOUBLE RECIPROCAL PLON OF PHTNYLALANINE UPTAKE INTO

THE EVERTED GUT-SAC IN Tl-lE PRESENCE AND ABSENCE OF

PHENYLALAN I NOL.

-
trll¡¡ M ¡

Control

5mM Phenylalaninol

20mM PhenylalaninolV4
3r
L.ll o
7(Ú
= tftz

4å 2

õ3Iù

0.5 1.0 1.5 2.O

PHENYLALANINE CONC. (mM-1)

FIGURE 34: THe conrRoL AND BorH pHENyLALANTNoL LrNES pAss rHRouGH
THE SAME POSITION ON THE Y AXIS INDICATING THAT PHENYLALANINOL IS A
COMPETITIVE INHIBITOR OF PHENYLAI-ANINE UPTAKE INTO THE GUT-SAC WALL
OF THE RAT.
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SECONDARY PLOT DERIVED FROIVI THE SLOPE OF THE DOUBLE
RECIPROCAL PLOT OF EFFECT OF B-2-THIENYI-ALANINE,
CYCLOLEUCINE AND PHENYLALANINOL ON PHENYLALANINE
UPTAKE BY THE EVERTED GUT-SAC OF THE RAT.
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FIGURE 35: THe sLopES oF THE AFFE.T oF rHE ANAL.GUES oN
PHENYLALANINE UPTAKE AS SHOWN IN FIGURES 32, 33 & 34 NNE PLOTTED
AGAINST THE CONCENTRATION OF INHIBiTON USED, TH¡S ENABLES THE
CALCULATION OF KM TON PHENYLAI.ANINE AND THE KI VALUE FOR EACH
I NH IBI TOR .
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TABI,E TTTX

Glucose uptake in the presence and absence of inhibitors of phenyl-alanine uptake by
everted gut sacs. Standard deviations (fron three sacs) are shown in brackets.

GLUCOSE UPTAKE (unol glucose/gn sac)

Phenylalanine Phenylalanine 20mM 2onM 2ont{
Concentration onJ-y Cycloleucine Phenylalaninol l-Z-tlnienylalanine

(nM)

0.5

5

1

10

20

0.075
( o. oog)

0.062
(0. oro)

0.088
(o.ot¿)

0.092
(o.orr)

0.073
(0. oog)

o.o77
(o.013)

o.o72
(0.005)

0.091
(0. oro)

0.069
(o.006)

0.097
(o.or2)

0.058
( o. oto)

0.090
( 0.005)

0.063
(o.otz)

0.067
(o.ora)

0.071
(o.ooa)

0.085
( o. oog)

0.064
( 0.009)

0.084
(0.011)

0.07r
( o. ooo)

0.082
(0. oog)

lt8IE rrrrx
No consistent effect
is seen. 9ro

of phenylalanine concentration or presence of analogue on glucose transport
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CHAPIM XII

TflE EFTDCÎ OF 8-z-TTIIENYLIILIINIIIE A¡ID/OR HIG}I LDVALS¡

OT' PHEI{TL/II.ANINE ON FIBROBIJIST CELL CULII'RES.

Thi s work was performed in the Depar:tment of Biochemical
(ìt'nr-'ti cs, MctJi II tlniversity, Mont¡.e aÌ . The candidate is grateful
tr.l cerry Lancastcr f or inst.ructi on i.n the techni ques ¿nrl the
su¡rply of thc original fibroblasts. Al l. the work described
is the candid¿rters own but he was assisted in the counting of
cells by Denise Majgr.

TIACKGROUND

The previously described work in this thesis has
shorn that ß-2-thienylaranine was effective in reducing the
effecrive absorption of phenyraranine in phenyrket.onuric patients
by 47/" (chaptel vr ),, but B-z-thienylalanine had been associated
wi th shigelta gastroenteritis in primates (chapter v ). The
possible causes of this might be -
(a) B -z-thi enyJ-alanine nieht damage normal flora of the gut

while not affecting shigerra growth. The studies of Brown,
Tannock , ll.lliott; a¡rd Lines ( 98 ) , Brown and Lines ( 99 ) ,
Brown, Vcsey, Tannock, BeJ.J_, Li.nes and [lliott ( f f ?, Brówn,
Tannock, Ey.es, Illliott and Lines (110, Brown and Lines (ll4rl15),
¿rnd Brour. III ri ott, Tannock and Lines ( t tó ) have shown
that th.is is nor likely. Growth of strigerla was inhibited
by ß-2-thienvlal-anine in both agar arrd ì.iquid meclia. Irlhire
lis.:herichia strain were inhibited by ß-2-thienyralanine,
this inhihitir,'rn was rever-serì by the presence oî milgnesium
(o.te/r of Mg s0oo zHz0) which is equivalent to o.4rmM/r
of magnesiunr. As the .ormar ra'ge of magnesium in chirdrenrs
se'um is 0 " 75 - I .00mr'r7ir (¡'r-inderr s Medicar centre, Department
of cìirit:al Biochemistry, Harrbook rggr), presurnabry alr
b.cteri¿r would be p'otected against inhibition of
Ê-z-thienyì.alanine. Of LZ7 ana.er.obes isolated from the faecal
samples of th'ee diet-managed phenyt.ketonuric patients
r.rnlY Ç were inhibited by B-2-thienylalanine, and in aII
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cases this inhibition h¡as abolished by the simultaneous
presence of phenylalanine ( l3ne. per 100m1 . ) in corumbia
aqilr - a revel that woul<l be expect.ed in phenylketonuric
syndrome.

FinaLly, Brown et al.. (113) fed mice B-z-thienylaì-anine
by oesophagial tube (35Omg. peì' mg. per d"y) and found rhey
were no nìore susceptible to gastrointestinal tract colonization
with s¿lmonella typhimuriun or shigell.a flexneri rrr than
cr)utrol nrice f ed water.

( z ) cet tul-ar damaae . ß-2-thienylalanine is onl-y minÍnalty incor-
pt'rrated into protein in monkeys fed it in infancy (chapter v )
and in rats es shown by Godin and Doran.(60) Nevertheless,
it may be responsible for the deveropment of {dze pzotù:t-t which
may pi'edispose the recipient to inmune deficiency reading
to predisposition to infection or other significant cellurar
damage.

To further invesrigate the possibility that
B-2-thienylalanine might damage hu¡nan tissue it was decided
to expose growing fibroblast curtures from a normal child to
ß-2-thienylalani.ne, high rever phenylal.anine as might be found
i¡r a phenylketonuric chitd and a combination of pheny.lalanine
and ß -2-thienylalanine as might be found in a phenylketonuric
child treated w:ith ß-z-thienylaì-anine and to see if these additions
to the culture medium affected growth of fibroblasts as ¡neasured
bv r:el I numbr:rs over successive days. The detairs of cell curture
and counting techniques are in chapter rr . Two contrors yere
Lrscrìi (a) i¡r r.¿hich onry mcdium was used, and (b) ¡nedium with
phv.sioltrgical saline (0.9e%) was added, seme volume as thà phenyt_
alan i nr"., ft -z-thi enylalanine or phenylalanine r- g_z_thienylalanine
addi tions. l'itialry, approximately 250,000 cerls were put
in the petri dishes and left for 24 hours at which time counting
rr¿rs undertakcn. Ref eeding with the same nredium ! additlons
of the uncounte'd prates was under.taken every third day. From
thcrt'on counting hras done every,Jay and refeeding on arternate
days. The cùncrentr,ation and amount of B-2_thienylalanine, phenyl_
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alan.ine or saline added is shown in TabÌe XL .

TABTE XL

Effect of B-2-thienyl.alanine and/or phenylalanine on
cell numbers in fibroblast' cultures

FIRST BXPERII'ÍENT SECOND EXPERIMENT

Solution
adrled

Vo lu¡nc

100 ul
200 ul

500mg. /" g-Z-thienylalanine 500mg /" A-Z-thienylalanine

Voltmes 100 ul
200 uI

so-rution 
4oo Yl - 4oo ul

added l,Oei/" Phenylalanine

400 ul

Srrì r¡t ion
added

Volumes

5oomg.l Ê-2-thienylalanine
+ l.Ogft phenylalanine

100 ul
200 yl
400 ul

THIRD IIXPERIMENT FOT'RTH EXPE;RIITÍENT

SoIutì on
acldecì

Vo.Lumes

J00mg. % g-z-thienylal.anine 500mg,/" ø -Z-tnienyl.alanine
+ l.Og"Á. phenylalanine

5ouI
l00ul
200u1

50 ul
100 uI
200 pì-

Solu t i o¡t
added

Voì trmcs

1.0g% phenylalanine

5o ut
100 ¡rl
200 uI

0.9ú sodium chloride

5ouI
100yI
200u1

The solt¡ti orrs were added in 2.Omls of medium every th.ird day.

In ¿rdcl iti on to the physiologicaì- (O.9g/"\ saline controls, t:ells
Ì{erù êlrown in nedium with no additions in all 4 experinents.
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RESULTS

These are shou¡n graphicatly in Figures 36, 37, 38,39.
rn each case the number of cerl-s per plate is a mean of at least
3 plates. rn the fourth experimcnt to arrow comparison more

readiì-y, the cell growth is expressed as a straight line using
the method of least squares. (Fieure 39).

In experiment one (Figure 36), where B-2-thienylalanine
was compared to no additions to the normar growth mediun, arl
J solutions of ß-2-thienyÌalanine appeared to mildly decrease
fibroblast growth. The 100¡rl_ volume of 500mg.% B-2-thienylaÌanine
is equivalent to a finar concentration of 1.46mM in the nedium,
200u1 = 2.Ç2mM and 300u1 = g.84mu. These are arl concentrations
well above that which would be expected to be achieved in the
serum of phenylketonuric patients given Z}ng/kg. of
ß-2-thienylalanine .

In experiment two (Figure 37), the combination of
B-2-thienyì-alanine and phenyraranine also srightry depresses
cel-l- growth - if anything, slightry more than ß-2-thienyraranine
alone. l{hen 400 ur of t.og/" phenylal-anine arone (equivalent
to 13mM phenyl-al-anine in final- sorution), growth was simirarry
depressed compared to ceU-s gromr in nedium with no additions.
This suggested that perhaps the sright dilution occasioned by
the 0.lmr. addition to 2.0m1-s. might account for the decreased
cerr growth, and this point was checked in experiment three.

Experiment three (Figure 38) shows that no consistent
effect from physiologicar saline courd be seen, nor was there
any consistent dose response seen with ß-2-thienylalanine or
B-2-thienylalanine plus phenyJ-alanine. However, with phenylalanine
alone, there r{¡as an apparent re]-ationship between phenyralanine
dose and inhibition of cel-r growth. There h¡ere no viable cells
available to count on day 7 in the phenylalanine exposed cerl_s.
rt shourd be noted that the 50 uI addition of phenylalanine gives
a finar concentration of 1.5mM, a revel that wourd be expected
to be exceeded in untreated phenylketonuric children.



FIGURE 36 EFFECT ()F Þ_2-THIENYLALANINE ON GRO|.JTH OF HUIVIAN 
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FIBROBLASTS IN CELL CULTURE
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FIGURE 36: þ -2-THIENvLALANINE 100 ul, 200 ut-, AND 400 uL oF

-0.5 Gi¿ SOLUTION ADDED oN FIRST AND THIRD DAYS SLIGHTLY DECREASES

CULTURED FIBROBLAST NUMBERS.
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FEcT 0F Þ -2-T HIE¡'TYLALANINE AND/0R ptlENyLALANIt,tE 1só.

HUIVIAÍ,I FiBROBLASTS IN CELL CULTURE
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F IGURE 37: THe comBr NAr r oN 0F È .z-tur ËNyLALAN r NE (0,57") nuo
PHENYLALANINE (1'O G%) APPEARS TO REDUCE FIBROBLAST MULTIPLIcATIoN
MORE rHAN B-2-THIENYLALANINE (0,5 G%) ALoNE wHEN 100 on 200 I (ur_)
ADDED, THE 200 À ADoITIONS oF B-2-THTENyLALANTNE (0,5 GU ) ALONE oR
WITH PHENYLALANiNE (1,0 G%) DEFINITELY AFFEcT FIBROBLAST NUMBERS
BUT ,NOT MORE THAN PHENYLALAN I NE (1. O G7") ALONE.



FIGURE 38 EFFECT OF þ _2-THIENYLALANINE /\ND/OR PHENYLALANINT 0N157.
HUIVIAN FIBROBLASTS IN CTLI- CULTURE
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AND PHENYLALANINE/ SALINE WAS PHYSroLocrcAL (0,9 G7), þ -2-THIENYLA-
LANINE ALONE OR IN COMBINATION DOES NOT SHOr^l A CLEAR DOSE/TOXICITY
RELA]'IONSHIP WHILE PHENYLALANINE CLEARLY SHOWS A DOSE/TOXICITY
RELATIONSHIP. THC CONTROL IN THE BOTTOM PANEL APPLIES FOR ALL UPPER
P/\NELS AND THE SALINE ADDITIONS DO NOT REDUCE CELL GROWTH INDICATING
THAT THE EFFECTS IN THE UPPER PANELS ARE NOT DUE TO DILUTION.
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Experiment four (n¡s. 3g ) was identical to experiment
thrce but the growth curves have been expressed &s straight
[incs by the method of ]-east squares (ro3¡. This arrows easier
conparison of the effect of B-Z-thienylalanine al.,one in combination
with phtrnylal.anine, phenylal.anine arone and physiorogicar saline.
It can be scen that all additions cause growth patterns scattered
around the control growth pat.tern. Three of the experinental
rÈsult.s show inc.reased growth rates compared to control - 50yr
B-2-thienylala'ine (o.73mu) 100 ul of phenyralanine (3mu) and
l00rù of 0.9gÍá sodium chloride.

The other 8 additions reduced fibrobrast growth
wi th the 200 ¡rl addit.ions having the most eff ect. No consistent
pattern can be Sr'rêr and no pa'ticular addition appears tnore
delete'ious than another, nor is it statistically significant..
D TSCTJSSION

No significant or. consistent effect on fibrobrast
growth by ß -2-thienylaranine courd be demonstrated, and at concen-
trations of 0.73mM ß-2-thienyraranine the growth of fibrobrasts
w¿rs ' if anything, superior to control sampl.es. Assuning an
evcn distrj.bution of ß-2-thicnylaìanine in body water, a dose
of 2Omg/kg (a dose effective in reducing effective absorption
of' phe.ylal.nine in man), and IOO/" absorption, and 75% body
weight is w¿ìter, the average concentration of Ê-Z_thienylalanirre
woul'd bc . l Jml'|. Thus, ri ttre evidence of cerrurar dalnage by
ß-2-thienylalanine would be expected.

It. may be that r-:ontinuous administration of
ß-?-thicnylalanine might read to ß-2-thienyla.Lanine ¿ccumuration
b,,t- 

'n.tt'.' th.rn 90% of' a given dose of ß-2-thi.enyra.ranine.infused oyer
24 hours is cxcret.ed in the urine (chapter rlr). rn addition,
Iong-¡¡¡¡¡ feeding experiment.s in nonkeys courd show no
ß-2-thienylalaninc in brain protcin and very Iittle in liver.
pnotein' nor could any crinicar evidence of celrular. clanage
be detected in the two monkeys fed ß-2_thienylalanine alone
(Chopter V ).

Thc safety of ß-2-thienylalanine as found by other
worker.s will be disct¡ssed in Chapter XIV.
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FICURI 39 EFFECT OF þ -2-THIENYLALANINE AND/OR PI.IENYLALANINE

ON lJUfvlAN FiBROBLASTS IN CELL CULTURE
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CHAPTER, XIII

SruDIES TO EI(Ä¡.ITNE ITIE trT.ECT OF IOTT CONCENTRATIONS OF
ß :2:TTIIENIL/I[ANIÌ{8, CTCTOLEUCIìIE A¡tD PfiENILALANINoL 0N

IÎ,ANSPORT OF PTTENYLALIININE IN TTIE BYERIED GUT SAC OF ffiE RAT

In Chapter XII it v/as shown that phenylalaninol
was an effective inhibitor of phenyì-alanine transport into the
mucosa of the everted gut sac from the rat. Both 5mM and 20mM

conentrations of phenylalaninol- inhibited uptake of phenylalanine
from a 20mM phenyì-alanine solution in Ringerrs solution. However,

in Chapter X phenylalaninol at 0.5mM or 1.0mM did not inhibit
phenylalanine uptake, from a lmM solution, by isolated brush
border vesicles prepared from the proxinal tubures of rat kidneys.
These results appeared anomalous as it is generally accepted
that amino acid transport in the proximal renal- tubule and the
small intestine are very simiJ-ar, as is indicated by naturers
experiments such as cystinuria and Hartnupr s disease - conditions
which appear to be due to an antosomal recessive genetic disease
and in which both intestinar and renal transport of certain
amino acids are affected. In addition, the results in the gut
and renal preparations appeared congruent for B-2-thienylalanine
and cycloleucine.

The reason for this anomaly Ìías suggested by the
work of Izbicka-Dmitrijevic, Mastalerz and Kochman (117 ), who

found that their phenylalanine analogues and phenylalanine itself
stimulated pyruvate kinase at low concentrations 1-JmM, while
inhibiting at higher concentrations, Arthotigh they were looking
at an energy enzyme, it could be that either the synport enzyme

responsible for transport behaved in the same wâyr or that the
energy supply necessary for active transport was stimulated.

The work described in this Chapter was designed
to look at the effect of lower doses of phenylaraninor on phenyr-
al.anine transport. rn addition, B-2-thienyralanine and cycloreucine
at low dose were tested.
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in Table XLII.

It can be seen that low (0.5mM or l.0mM) concentrations
of these analogues ( g -Z-thi.enylalanino or cycloleucine) do not
inhibit or stimulate the uptake of phenylaranine to any significant
degree.

DISCUSSION

The finding that phenylalaninol at low concentration
(o.smu) stimulates the uptake of phenyralanine by the everted
gut sac confirms the work of rzbicka-Dimitrijevic et ar. (ll7
who showed that other anaJ-ogues of phenylalanine and phenylalanine
itst'lf stimulated pyruvate kinase. The mechanis¡lr of the stinulation
of phenylal anine uptake was not expJ-ored but the results are
compatible with the renal brush border studies described in
0lrapter X when phenylalaninol_ at 0.5mM or l.0mM far from reducing
uptake by thc isolated vesicl-es. appeared to stimulate such

rupt akc.

Similarly, the lack of stimulation by B-2-thienylalanine
on low level (O.5mU or 1.OmM) cyclo].eucine in the everted gut
sac is congruent with the fact that these compounds inhibited
phenylalanine uptake by the isolated vesicles derived fron the
proximar brush borders of the rat kidney as clescribed in chapter
x.

strimomura et aI. ( 105 ) showed thar phenylalaninol
4Omg/kg. appearerJ to be more potent than cycloleucine r0Omg/kg.
in inhibiting effective absorption of phenylalanine (30omg/t<g. ¿tol.
dose) in the intact lrlistar rat.

As f'ound by the candidate in Chapter XI, they found
cycloleucine to be a more potent inhibitor than phenylalaninol
in the evertecl gut sac using lOmM concentrations of inhibitor.
They measured transport by determining the appearanpe of phenyr-
al-anine inside the sac (i.e. in serosal fluid) after I hour
of incubation thus, they were exanining transport at both
the mucosal ¿rnd serosal surfaces. However, thelr ¡.esurts are
ì ir r4ely in agreement with those of the candidate that above

.5mM con(ìentrati.on phenylalani nol is an inhibitor of phenylalanine
transport by the intesti¡re.
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I'fIìlHODS

These were identical to those described in Chapter

XI but the concentrations of phenylalaninol tested were 0.5mM,

l.OmM, 2mM and 4mM respectively. B-2-thienylalanine and cyclo-
lcucir¡c wcrc test.i-d at 0.5mtt and l.OmM onì-y.

RESULTS

The eff ects of I .OrnM to 4.0n1'l phenylalaninol have

beetr combined wit.h the results from Chapter XI where phenylalaninol
r{¿rs used and are consistent with a typical dose response effect
for 2mM to 20mM phenylalaninol, but lmM phenylalaninol gives
a line slightly above the control line. The value for both
the lmM and 2mM concentrations faII within the mean t one standard
clcvi¿rtion of thc cont,rol .Linc (nig. 40 ) . These results are
r.rxprcssed as tltc double reciprocal plot in Figure ¿[ and show that the
inhibition i.s competitÍve with the various Iines including that
of' lmM intersecting the y axis at the same point. Flgure {2 plotc
the slopes of these lines against the concentration of inhibitor
antl, from this, a kM for phenylalanine of 1.49 xtO-2 U and Kl
ftrr- phenylalaninoì. of 6.77 *10-2M were derived these erc vetî
simj.lar figures to those derived in Chapter XI (fnr = 1.8ó x
10-2and Ki 7.65 x lO-zrespecrively).

l{hen 0.SmM phenyla}aninol- ì{as used a distinct stimu-
ratory effect on gut uptake of phenyraranine vas observed
(Figure 43 ). The slope of the lines when phenylalanine uptakc
is pìotted against concentration in the presencc of varioul
conccntrations of phenylalaninol is expressed in Table XLI ar
are sropes of the lines when the doubre reciprocar is used.
Thus, the non-inhibition, in fact, stimuration, of phenylalaninc
uptake by isolated brush borders of proximal renal tubule nhen

0.5mM or l.OmM phenylalaninol. is used, is congruent with the
st.uclles described in thj.s Chapter.

g -2-thienylalanine and Cyclol.eucine in Low Concentrations

I{hen the stinulatory effect of low concentration
r{¿rs found, i.t. h/as decided to check the effect of 0.5mM and 1.0n¡.1

B-.2-thicny-l;tlan i.ne and cycloreucine on phenylaranine uptake
by the everted gut sac. 0.5mM concentrations of these anarogues

showt'rl no s ignif icant dif f erences from control values as shoryn



FIGURE t{0 : EFFEcT 0F pHENyLAI,ANINOL (1-20 ¡rlvl) 0N pHENyLALATüfñt
UPTAKE IN TrlE EVERTED GUT SAC OF TllE RAT.
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FIGURE ¿{1 : DOUBLE REctPRocAL'pLoT 0F pHENyI-ALANINE tlpTAKE By

THE EVERTED GUT sAc AND THE EFFECT 0F ÈnÈruvrnr ANTNoL0-20 mfvl),

4

I

2

I

U
a
ù)

E
'')\
o
Ëä
tr,
Y
t-
fL
:)
llJ
zz4J
J

z
u¡r
o-

-

a-r

aata.a¡

Control

lmM

2mM

4 rnM

5mM

20mM

1

0 o o.2 0.5 1.0 2.O
Pl-IENYLANINE CONCENTRATION (mrvl -t,

FIGURE 41: Dous'E REctPRocAL pLor oF THE EFFE.T oF 
'HEN'LALANTN'L

ON PHENYLALANINE UPTAKE SHO!.IS THAT EFFECT OF PHENYLAI.ANINOL ISCOMPETITIVE IN THAT LINES CROSS Y AXIS AT APPROXIMATELY SAlnIE POINT(0,0105 - 0,0I3),

'tI
,1)



165

FIGURE 42 SLOPES OF LINTS OF PHENYLAI.ANINE UPTAKE AS A
FUNCTIOt'l OF PHENYLALANINT CONCENTRATION PLOTTED

AGAINST CONCENTRATI0N 0F PHENYLALANINOL (1-20 ¡rlvl)

IN INCUBATION tvlEDIUIvl OF EVERTED GUT SAC.
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FIGURE 42: Sloprs oF LINEs DERTvED FRoM DouBLE REcrpRocAL pLor
OF PHENYLALANINE UPTAKE IN THE PRESENCE OF PHENYLALAN¡NOL
(1-20 ml'l) pLorrED AGAINsT rHE coNcENTRATroNs oF pHENvLALANINoL
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Is 6,77 x 10 -'['l,

*



r-
-,

¡ 
iË

|j-
-

_ 
_.

_{
-

.t

a

20

a, (-
- Ð U

.J

E
T

]
-l 

'T
]

>
 

Í-
rl

^l
l

fr
l 

-
<

 
-T

1

l-t
 

o
l.l

l 
t-

r-
7) -{

=
rn

= .E
G

rn
J: u)

 Í-
C

ì 
T

-
cn

> c¡ O ¿
,

E rr
¡

:> :: =
:

O
.5

m
l.¡

l
P

he
ny

la
la

ni
no

l

C
on

tr
ol

o .E (n E O
) o E f. u¡ Y fL t¡

J z z z l¡J r o-

Ìl> r-
fl 

tt 
c)

-4 r 
or

71
2

1v
-' z !'n
 (

n 
rr

l
G

U
)ñ

!-
- {o ^z
.o

fl-
H

-2
-i

O -a
^ \,t
i 

T ¡-
=

C
-a

^ '0
 u

,
-J

m
>

-I 
Z

f-
>

r-
 t

t
zt

t
H

m 2.
<

O
H l->

{
aH {o H

Z = c 
-l'

!
r-

G
{ m

 L
r:

Q
D

\ o

i5 5 o

10

t

t

10
5

15
P

H
E

I.I
Y

LA
| 

-A
N

IN
E

 C
O

N
C

E
N

T
R

A
T

T
O

N
 (

 m
M

)

o\ o\



- --.+.{r

ÎÂBtE ILI

Concentration of
Phenylalaninol

Zero (control)
O.5nH

1.OnM

2.Oml'l

4. Crnlf

5.OnM

20.Onl'l

Slope of the Line expressing Phenylalanine Uptake by the Everted Gut Sac
as ¿ Function of Phenylalanine Concentration a-t Various Levels of Phenylalaninol

Phen-vlalanine LÍptake as Function of
Phenyl-aJ-anine Concentration

Double Reciprocal Plot

ComeI-
ation

(R)

0.99

o.97

0.98

0.99

o.97

0.99

0.98

Table XLI: Phenylalanine Uptakes are expressed graphically fu Figures 40 and 41. The slopes
are expressed numerically in this Table where uptake is expressed as a function of
phenylalanine concentration. In the left-ha¡rd Table, the lower the figure in the
slope column, the lower the uptake for each concentration of phenyJ-alaninol-. In the
double reciprocal plot the higber the figure for slope, the less the uptake. It c¿ur
be seen that 0.snM phenylal¡ninol clearly stinulates phenylalanine uptake, whereas
l.OnH and 2nl{ have little effect.¡d 4r 5 and 20ml.l phenylalaninol inhibit phenylaÌ-anine
uptake.

ô\¡

0

0

0

0

0

0

0

.696

.858

.680

.66t

. ó35

.6zz

575

Slope of
line

0

0

0

o

0

o

o

Intercept
on y axis

o

0

0

0

0

0

0

99

oR

98

98

96

97

99

Correl-
ation

(R)

Zeto

0.5nM

1.OnM

2,0nI.{

4.Omil

5.OnY

20.OnU

Concentration of
Phenylalaninol

1.551

L.262

I .33

t.45
t.62
1.6ó

1 .98

Slope of
l-ine

.0105

.0107

.0105

.0106

.0120

o.130

.0104

fntercept



TåBLE rI.TI

Phenylalanine Uptake as a function of
Phen.v'lalanine c onc entration

Concentration
of Inhibitor

Zero (control)
o.5m,u
ß-2-thienyl-
afanine

1.OnM
B-2-thienyl-
alanine

Zero (control)

Zero (control)
0.5n1{
CycÌoleucine

1.hM
Cycloleucine

Zero (control)

Slope of the Line expressing Phenylatanine Uptake by the Everted Gut Sac
as a Function of Phenylalanine concentration and the effect of 0.5 and l.Omll

8-2-thienylalanine or Cycloleucine

Doubl-e Reciprocal- Plot

Correlation
coefficient

(R)

o.9q

o.99

99

0.98

0.9ó

97

Phenylalanine 'uptake in the presence of g-2-thienylalanine (O.SDH or l.Onl.{) is norsignificantl-y diff erent fron control vaLues nor does Cycl-oleucine have ¿rny eff ect ,-
on the slope of the line representing phenylalanine uptake as a function of phenylalanine g
concentretion.

0

0

99

9ó0

o

o

o

0.648

0.ó53

542

662

0.651

o.649

0.565

0.676

Slope of
Line

0

o

0

0

o

0

0

o

Intercept
of y axis

o.ç8

0.96

o.97

o.99

96

98

0.99

0

0

0.99

Comelation
coefficient

(R)

Zero (control)

1

0

OnM

0.5nlr

Zero (control- )

O.snU

0

f.Onil

Cor.centration
of inhibitor

r.5ó16

1.80r
r.497

1.511

L.623

1.590

1.730

t .452

Slope of
Iine

0.0140

0.0133

0.oog

0.012

0.0109

o. ool 1

0.012

0. 011

Intercept
on y axis

lable XLfl :
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The Shimomura et al. ( 105 ) study also indicates indirectly that
phcnylalaninol is absorbed by the intestine. They gave phenyl-

alaninol- 200mg/kg. orally alone or with SOOmg/tg. of phenylalanine.

The urinary sodium level after phenylalaninol alone was sig-
nif icantly higher than in control rats given water, as rr¡as the

sodium to potassium ratio. the combination of phenyl-alaninol

plus phenylalanine gave similar results. However, the urinary
potassium l-evel in the group given phenylal-anine and phenylalaninol

was significantly reduced compared to the group given phenylalanine

SOOmg/kg. alone. While it would be preferable to have measured

blood l-evels of phenyl-alaninol- directly, the fact that phenyJ--

alaninol- appears to affect the urinary level,s of electrolytes
when given orally is suggestive evidence that it is absorbed.

It would be possible to argue that the effects are secondary

to changes in phenylalanine or tyrosine levels in blood induced

by phenylalaninolrs effect on their absorption, but they found

phenylaJ-aninol lOOmg/kg. alone had no significant effect on phenyl-

alanine or tyrosine levels in blood of their rats.
If phenylalaninol is absorbed it would be important

to determine the level in blood and, hence, the likely level
in glomerular filtrate. If these levels hrere to be in the 0.5mM

- l.OmM range then phenylalaninol would stimulate reabsorption

of phenylalanine by the proximal tubule which would be undesirable.
If the levels of phenylalaninol in blood r{¡ere to be sinilar
to the leve1s of B-2-thienylalanine in infaht:;lnonkeys .phen fed

ß-2-thienylalanine O.7Sng/kg/day (t.Z ll.{ng/lOOmI. ) then

predicted levels of phenyl-alanino1 would be 0.08mM to 0.75mM

(U.W. of phenyJ-alaninol = 151), i.e. in the stimulatory range.

This Chapter explains the apparently anomalous results
of Chapters X and XI. It casts doubt on using phenylalaninoÌ

as a treatment agent and suggests that given orally
B-2-thienylaì-anine woul-d have l-ittle effect on the renal handling
of phenylalanine if given at O.7sg/kg/day a dose that is well-

above the apparently effective dose of 2}ng/kg/day. If cycl-oleucine

shows similar absorption characteristics to ß -2-thienylalanine
its predominant effect would be on intestinal absorption not
renal - too.
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Because cycloleucine in low does 2}ng/kg/d,ay was

ineffective, and because it would cause a general aminoaciduri.a,
it. wor¡ld appear l.ess desirable than ß-2-t.hienylalanine as a

treirtment. agent. Thus , B-z-thienylalanine would seîm to be
the theoretically best agent out of it, phenylalaninol anrJ cyclo-
let¡cine. Because of this, further studies on its potential
toxicity were warranted, and these were undertaken as described
in thc previ,ous ch:rpter and by K.J. Brown, ¿ìs rliscussed in cha.ptcr
XI V.
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CHAPIM XIV

GENERAL DISCUSSION AI{D CONCU¡SIONS OF TIIE APPROACH MEATIIC
PHANYU(ETONURIA BY ffiD ADMINISIRATION OF PTIENTLI\LANIIIE ANAI¡GUE.S

This thesis set out to examine thc possibility of
whether ß-2-thienylalanine or other: phenylalanine analogues
couLd inhibit phenylalanine transfer across either the intestine
or increase the urinary excrction of pheny]-alanine, hence allowing
greater intakc of phenylalaninc to be consumed by the phenyJ-
ketonuric chird. This, in turn, would all tlw Iiberalisation
of the diet taken by the child and rherefor.e probabry lead to
improved social function of tlrtr child.

In Chapter III it was shown that ß-2-thienylalanine
tìoub.Lcd the excretion of B-2-thienylalanine in Rhesus monkeys

who were rendered hyperphenyralananaemic by phenylaranine infusion.
unfo¡'tunatel.y, thc mechanism of this excretion was not examined
but when parachl-orophenyì.alanine and cycloleucine were infused
in t.hc samc monkeys, also ¡'endered hyperphenylarananaemic by
phcn¡rlnranine infusion, it was found that the excretion of phenyl-
¿rlanine incrcased mainly clue to an increase of glomerular filtration
i'ate. Regrettably, these monkeys were not availabl"e to the
r'¿rrrdidatc fol his work in Austral-ia and New Zealand, and he

hatl to usrì ¿ dif'fcrent species for looking at the mechanism

trf' t,hc irì(ìr'c¿rscd excretion of phenylaranino that was induccd
by ß-2-thicnylalani.ne. Using thc isolated brush border of thc
prox.ì mal rrrnal tubule of' the rat, it could be shown that
ß-2-tlrienyralanine did reduce upta,ke by thc vesicles in this
mrrdt:I, which would suggest that B-2-thienylaìanine was inhibiting
rcn¿r I tubular t.ransport of phenylalanine fr.om the glomerular
f i I tlate . Howevt--r, in dogs under gener.al. anaesthesia, no such
ì nh i bì tion r.rf phenylalanine transport coulcl be seen. rndeecl,
ß-2-thj enylalanine appeared to increase the renal tubula.r reabsorp-
t ir)rr of phenylaìanine, although this result is considered to
bc f a Il¿rc iou.s bec¿ruse whenever the f iltered lc.acl of pheny.l alanine
w¡ìs incl'e ascd, the renal tubu.l.ar reabsorption of phenyla.Lanine
inr'r'(,'¿ìsed, and this proba.bly reflects the inability of the spectro-
f'Iurtr¡nctric nrt:thod used to measure phenylalanine levels in urine
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accur'¿rtely when such l-evels are low. Tn thcse dogs a statistically
significant increase in glomerular filtration rate w¿s detected
after the infusion of either phenyJ-alanine, ß-2-thienyl-alanine
or t:he combinati,on. However, this increase vras onry evídent
ln thc 30 minute periocl under study.

' IJecause of the species difference, the resul.ts of
most interest are those that r{ere attained in phenylketonuric
ht¡mans, ancl in chapter vr it was shown in 3 phenylketonuric
h;omrìn who rr,ere untreated by I ow phenylalani.ne diet , that
8-2-t.liienyralanine did, indced, i.ncrease the excretion of phenyl-
alanine, and that this was assoc.iated with reduced renal tubular
reaLrsr-rrpti on of phenyl-alanine in aII 3, plus an increase in
glomerular fiìtration in two of the three women.

The oraL feeding bf Ê -2-thienylalanine produced
nrùr'r) consi-stcnt and hopefu). results. In Rhesus nonkeys given
ß-2-thienyJ-alanine along with phenylalanine, the el.f.eclive obaonpLlot
of phenylalanine was reduced. In infant monkeys fed fro¡ birth
on B-2-thienylal-anine elong with oraÌ phenylalanine supplcnentr
that would give then blood l-evels in the phenylkctonuric renge,
I-2-th.LenylaJ-anine did reduce the serun phenylalanine levcls
and appeared to be at reast partially protective in prevcnting
the (ìonsequences of high serum phenyraranine, that is, nental
ret.ardatiùn and fits. this wor.k was confirmeö in ecute oral
road of B-Z-thienyralanine to phenyì-ketonuric peticnts wherein
it was shown that when a patient was given lO0mg/per kg. of
or¿r pheny-Lalanine, a 2Omg/per kg. concumcnt load of
B-?-thienylaì.anine reduced t,he e{{ec-tlve abaonpt.ion of phcnyraranine
by 471t' on avel.age. Thus, ß-z-thienyralanine appeared to h¿ve
a potc'ntial for treatment agent irr phenylketonuria,

The second agent looked at was cycroleucine yhich
is known to produce aninoaciduria in man which includes phenyr-
¿rl,tttine in nran. Cycloleucine increased the urinary
excr-c tiorr ofl phenyl.alanine mainry by increasi.ng thc glomerular
fi I trotion r'¿rtc. rt also reduced the intestinar absorptfon
of phenylalanine in the Rhesus monkey, and these effects were
confi¡'ned both in the i.solated brush border of the rat proxiarar
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rena-l tubuLe and in the evcrted gut sac of the rat. r'deed,
cyr:Loreucine in these systems wourd appear to have an advantage
over the ß-2-thienylalanine. However, a chronic feeding stud/
of c;ycì-oleucine 2Omg/per kg. per day to phenyl ketonu¡.ic patients
dirl r¡ot demonstrate any rowering of serum phenyraranine I evcl.s
in thcse untreated patients.

rni tiarl.y, parachrorophenylalanine was tested to
s*e whether it was a much more potent inhibitor of transport
of plrenyraranine from the other th¡o agents. This certainly
was not the case where the urinary studies of phenyralanine
were concerned, nor did it appear to be particurarly more effective
than ß-2-thienylalanine and cyclol-eucine when given orarry to
nonkeys. Parachlorophenylalanine is known to inhibit the serotonin
pathway and to produce quite obvious crinical effects such as
inc¡'ease in -libido and insomni.a in experimentar animals. Because
of thcse known side effects and the fact that it did not seem
to t:olrfer greater advantage in treatment of phenylketonuria,
rt wírs not tesf"cd in later experiments. rnstead, phenylaraninol
was substit'ted because of the work of shimonura et ar. ( )
which tras pubì-ishecl after the candidate had conducted his initial
pri mate stud-i es . Ithenyral-ani,'or , àccording to shimomura et
â1., significantl.y reduces intestinal absorption of phenyraranine,
and this work w¿rs confirned by us in chapter 11 on thc everted
gt¡t' s¿rc of the rat. However, we were not abre to find any effect
of phenylaJ.aninol on phenyralanine uptake by the isorated brush
bo'd*r of the rat renar proximar tubule. Thus, it appeared
that ß-2-thienyralanine, cycì.oJ.eucine and possihly phenylataninol
have potential as treatment agents in phenylketonuri.a. cycloreucine
ha.s been used in a short-term chronic study and not found to
be of varue. Objections to human testing of ß-2-thienyralanine
ancl phenylal¿rninol are largely ethical.

The candidate has chosen to conccntrate on
B-2--thienylaì-aninc because of his rong-term monkey exper.inentr
which indicatcd that it might be safe, and the potcntier of
phenylaraninol was not evident until_ after he reft the unitcd
st¿r tc-s of Ame.ica wrrere he had access to monkeys . Ethicer.
crrmmi t,t;ees in New zearand have indicated that they were unwilling
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t.o aì.ì.ow studies o¡r phenylketonuric patients with B-2-thienylalanine
bec¿ruse of sone toxic effocts mentioned by other authors which
wiìI btr revj.ewed beLow. The only toxic effect that the author
h¡rd bee¡r able to elicit in monkeys whs a possible predilection
to Shigella inf cr.:tion, and thi s is considertld to be coincidence
às the work of K.J. Brown showed in his ph.D. thesis entitl.ed
rrThe Ef f ects of I -2-thieny-lal tlrine a possible treatnent agenr
of phcnylketor¡uriar or bacteriaL growtht. The published works
by Dr. Brown and the candidate have been reviewed in chapter
XII and will also be discussed in detail_ be.low.

To quote from the gener.al conclusions of K.J. Brownrs
thesis:

rrrhe compì-etcd studies suggcst that B-2-thienylaranine
would have rittle effect on indigenous bacteria popu-
Lations in treated PKU patients. Few genera of baclería
which were tested in pure culture in minimar media
were inhibited by g -2-thienylalanine and the inhibitionof pure cultures was reversed in the presence of
phenylalanine and tyrosine. under sol.id media con-ditions, magnesiun was al-so effective in abolishing
B-2-thienylalanine inhibition of curtures. Bacteriã
from phenylketonuric patients seened to be si¡nilarin r.eaction to ß -2-thienylalanine as cultures ofthe same Élenera as non-phenylketonuric sources.
Only 7/" of culturabre stricr anÀerobic bacteria wereinhibited in pure curture. Even for these inhibited
analogues phenyralanine seened to be protective againstj ß-z-thienyraranine inhibition. The mouse siudies
were also promising in that animars fed B-2-thicrylalanine
were no more susceptibJ_e to infection with intestinar
pathogens than were controls. rndigenous bacteria
appearecl to be present in equal numbersi' 8-2-thienylalanine and water treated animals,
¿rnd no hi storogicarly detectabre changes were notedin examined tissues from B-2-thienyralanine-fed ani¡nals.

The gener.al conc,Lusion that ono can nakc from
these srudi es is that B -2-thienylal.anlne is of lowtoxicity both for bacteria and mamnalian tis.sues.tl

The othe' objection to using 0-2-thienylalanino
in phenylkctonuric patients is that B-2-thienyralanine Bight
cause {a.lae pnoteint to be made and Lead to cellular dalage.
As outlined in chapter v, monkeys fed È.2-thienylalaninc fron
birth during infancy showed no haematorogical abnornalLties,



no clinicar abnormalities other than the possible shigerta gastro_
enteritis, and when one underwent autopsy studies r 'oß-2-thienylaì-anine could be found in b¡'ain protein and the anrount
found in river protein was very smalr indeed, with a ratio of
phenyl al anine to 8-2-thienyr.ar.anì ne being 2zzl . 0haptt_.r xrr
of this thesis looked at thc effect of g-2-thienylaraninc on
fibroblast g.owth in curture and found no inhibition of growth
occr¡rred at levels that werc considerably above those which
cotrld be expected in patients treated with B-2-thienyl.alanine
20mg./per kg. per day. rt. courd be argued from the data in
chapte. xrr, that some non-specific addition was causing the
inhibition of fibroblast groì{th found when 2oo nicrolitres of
the addi.tions h¡ere added to the culture medium because
ß-2-thienyJ-alanine, phenyraranine, conbination of phenyraranlne
and B-2-thienyralanine arr have much the same effect. At l.over
doses of these agents ver.y rittle, if any, inhibition was observed.

17 5.
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Certai nly,
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no statistically
these studi.es.

significant inhibition could
the literature relevant

B-?-thienylalanine causing cellular darnage i.s discussed in the
sect,ion of this Chapter.
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Literature concerni ns ß-2-thien.y lalanine and Cel-lular Damage

Hermann in 1953 used expranted chick embryos after
approximately 24 hours of incubation (late headfol.cl to 6-somite)
which h¡e¡'e kept on ä mixture of agar and egg extract for lg
hou.s during which time primitive centrar nervous system, optic
vtrsicle ancl otocyst, a beatin¡'. heart and a regul.ar string of
s,¡¡nites can be observed . Z. gmg/ml . ( approximately 14mM) of
ß-2-thiênyì;rlanine reduced growth (normalty {.Ocm length was
reduced to 2.\)cm) which was partly reversed by adding equinolar
arnoÌ¡nts of phenyJ_alanine ( 3.4c* length achieved ) . In addition,
zigzag neuraì tube, irregular brain and somite formation occurred
and this was not reversible by the addition of phenylalanine.
He noted that B-z-thienyraLanine produced malfor¡nations only
in concentrations l0 tines higher than those found to produce
malformati.ons with leucine analogues. ( ll8)

Munro and Clark ( tt9 ) using {00mg. tissue slices
f¡'om rat livers in Krebs-Ringer solution, found th¿rt 7ur4
ts-2-ttrienylalanine inhibited uptake of glycine into protein
( ó3irl ) and orthophosprrate occu*erl af ter I hour. I{hen equirnolar
phrrnvl-a lanine wä s added wi.th ß -2-thienyraranine , partiar reversel
of r:ht-' inhibi tion occurred . However, whon it was added af ter
I lr.ur, there was no reversar of inhibition. They suggested
tl¡¿rt phe.vralanine acted by preventing penetration of
ß-2-thicnylaì.a.nine into rhe cerr and that the inhibitory effects
ol' 'irrtracellular ß-2-thienylara'ine aro rather general and ro¡r-
spr:c i f i c . I'he latter point was sustained by the finding that
i.t'acelru,¡rr ß-2-thienytalanine arso inhibited para-aninohippuric
acid fo'mation from para-anino-benzoic acid and glyc.ine. Again,
the concentration of ß-2-thienyralaninc used was vcry high,
and if it were used for treatnrent of phenyrketonuric children,
aLl cells wourd be simurtaneousry exposed to phenylalanine which
they showed., .t }east partiarì.y¡ reverses the effects of
0-2-tlìj enylalanine.

caveness ( tzo ¡ showed that g-2-thicnyreranlne ls
toxic to the .abbit macrophage and cen cause morphoroglcal changec
antì celr d.-'oth. Despite this toxl-city, he demonstrated ritttc
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inhibition of protein synthesis (using radioactive val-ine incor-
poration) and no inhibition of protein breakdorvn. The toxicity
of ß-2-thierrylalanine (ZmU) r{as largely, if not totally, prevented
by t,he concr¡rrent incrusion of phenylaranine in the Eagrerc
nedium. If no phenylalanine was prcsent, g_Z_thienylalenine
hras incorporated into the macrophage at' about 4V" rate of nor¡nal
f or phenylal-a¡ti ne.

rn a further study using the sane concentration
of B -2-thienylalanine, Caveness ( l2l ) exami.ned incorporation
of exogenous adenine and hypoxanthine into ribonucleic acid
(RNA). He found that B-2-rhienyraranine had no discernible
el'fect on adenine incorporation into the adenine fraction of
RNA over the first 6 hours, but slightry decreased it in the
f.llowing 6. Howeverr B-Z-thienyraranine increased the uptake
of both acle¡rinc and rrypoxarrthine into the guanine fracti on of
the nrac-rophager s RNA.

He then rabelred RN^ with l4c-g-adt¡nine and exa¡nined
tlte effcct of 2mM ß-2-thienyìalanine on the loss of ¿denine
from lìNA over. 8 hours. ß_Z_thienyìalanine had no effect on
t,hi' I oss r¿rtes from the adenine fraction, but increased the
loss by 40% from the guanine fraction. He concruded that
B-2-thienyì-alanine did not signifi.cantly altcr the rate of RNA
synthesis, or br.eak dorvn in the cell.

Again, these studies used levels of ß_2_thienylalanine
much higher than wourd be expected if Zong/kg. of B-2-thienyraranine
w¿ìs used in patients, but the levels are much l_ess than those
üsrrd b.y Munro and crark (119, suggesting that toxicity is unlikery
i f Z0mg/kg. of B -2-thienyraranine were used. His finding of
r-\)rnplctc or near compl-ete protection by equimolar phenyralanine
i s c'.couragi-ng because , in the candidate I s proposed treatment,
th'.': .l evc] ot' phenylalanine would arways be higher than that
of ß-2-thieny I alanine.

Jacquez., Barcray and stock (tzz) were the firsr to
Iook at the effect of ß_2_t.hienylalanine on cell cultures.
Thcy were p.edomi'antly interested in its possible effícacy
as an allti*tumour agent. They serected cultures of heart a¡rd
of s.lrcoma I-Z4I from CST black mice. They 1ooked for cytotoxic
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It was fountl that 2,92 vl4/nL. of ß-2_thi.enyl.alanlnc
produced dubious toxic effects on tlu heart but l+ toxicíty
on sarcoma ceIls. Doubling concentrations of ß_2_thienylalaninc
1 .duced increased toxicity and at t.óg uu/ml. 4+ toxicity was
found in both heart and sarcoma cultures. They noted that nacro-
phitgtrs which sometimes migrated out of the sarcoma imprants appeared
more resistant to toxicity induced by Ê-2-thienylalanine. They
fournd that the toxicity coul.d be blocked by r-phenyl aranine
br¡t not by d-phenylalanine. Descri.bing inhi.bition ¡:ati os as
that requirecì for harf-nurrification of 4+ toxicity, they found
tlrat over thei¡. range of concentrations (Z.gZ _ tl.ógmM) both
in h*art and sarcoma the ratio was 1 mole of r-phenylalani¡re
to 12 to 24 molcrs of ß-Z-thienylaranine. The ratio expected
to be forrnd in phenylketotruric patients treated with B-2-thierylataniræ
worrld be the reverse, probabJ.y of the ordcr of J mores of phenyl-
a,lanine to I mole of B-2-thienylalanine. Thusr oD the data
of Jacquez et al. (122') phenyraranine wourd be very protective.
unìikc Dirtmer, Ellis, McKennis and du vigneaud (123) and Brown,
as tlescribed in the previous section of this chapter, Jacquez
et al. ( 122) courd not find any protection from tyrosine; nor
could try¡ cophan protect in rhis system.

Rabinov-it.z, 0rson and Greenburg (rzÐ .sing the Ehrrich
ascites carcinoma in v,ita.o examined the incorporation of phenyì._
a I an ine, va.l.i ne , leucine and l.ysine into protein in the presence
and absence of B-2-thienylalanine (and o-flurophenyl-DL-alanine).
rn o.dc'r to esti mate the extent of incorporation of amino acids
by mechanisms other than the usuar metabol.ic pathways, a comparison
was made bet ween incorporation into the ascites cerr protein
cf laberlr:d carbon f rom leucine and norleucine and from vau.ne
anil norvaline. Leucine carbon was incorporated at a rate 300
t i rnt'r¡¡ that of nor.teucine and valine carbon loo times that of
n.'rvaf ine, indicating a high order of specif i ci.ty for the incor-
porative process,
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Tlrey found that, by Michaelis-Menton kinetics using
the Lineweaver and Burke plot, inhibition of phenylalanine incor-
poration (into protein) by B-2-thienylalanine was strictry com-
pcti tj ve. They found the inhibition ratio (molar ratio of
arrtagon i st to amino acid for Sq" inhibition ) was 100: I for
B-2-thicnylaìanine: phenylalanine (and 20: I for o-fluorophenylalaninc).

Rabinovitz et al_. also found that Ê-2-thienylalanine
(and o-fJ-uorophenyral.anine) competitively inhibited the incorpor-
ation, of thc othel amino acids tested but, unl.ikc phenylalanine,
the two antagonists h¿d equaì inhibitory potency. rn addition,
phenylalanine itself inhibited the incorporation of the other
amino acids in the same manner as did its anarogues - a finding
compatible with the candidarers findings on the effect of
ß-2-thienylaranine and phenyralanine on fibroblast cultures
(Chapter xII). Phenylalanine and its analogues inhibited vali-ne
incorporation more than they did that of leucine or lysine.
Ât 0.05M concentration they required a 100: l morar ratio to
inhibit val,ine incorporarion So/" while this degree of inhibition
rd¿rs not achieved for leucine or lysine at 1000:l ratio.

These findings fit with the hypothesis of christensen,
R i ggs , Fi schcr and pal.ati ne ( t 2.9 rhat the ef f ec t of phenylaLanine
antl its analogues upon other amino acids is due to &n j.nrbalance

wi th decreastrcl absorptÍ-on of one amino acid at low concentration
when the cell is presentecl with a high concentration of another.
Tht" very high ß-2-thienyralanine:phenylalanine ratio and the
fact that the inhibition was strictJ_y conpetitive strongly suggests
that in the phenyì.ketonuric patient, where the ß-2-thienyralanine:
phenylalanine ratio would be ress than one, that inhibition
of phenylal-anine incorporation would be negli.gible.

Rabinovitz et al. (tZd also showed that the ínhibirion
of phenyralanine incorporation into protein wes in part by pre-
venting its absorption by the cel-l and in part, by inhibiting
the incorporation of intracerlurar phenyralanine into protein,
but as regards the ratter inhibition, it was nowhere near eE

effcctive as rr-fluorophenyraranine. Nor did ß-2-thienylelani.nc
inhibit the incorporation of intracellular valine, leucine or
lysine into protein.
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Godi' antl Doran ( ó0 ) showed that negligibre amounts

of ß-2-thien.yralanine itserf wcrre possibly incorporated in protein
of rat s . They in j ec ted DL- ß -2-thienyralani.ne ( t.he same as used
in all experiments described in this thesis ), laberred with
l4C at the 3 position into the left jugular vein and measured

radioactive carbon incorporation into . protein at z, 6 and 24

hours later. Tablc is derived from their results.

TABLE TLIII
fncorporation of 14C in Tissue Proteins after Injection

of Phenylalanine and DL-ß-2-thienylalanine-J- l4g

Time after Liver KidneyIn ection
2 hours

6 hours

2{ hours

-A3.0x10 -
1.3x10-4

8.9xro-4
-ll5.7x10 -

Pancreas Brain PIas¡¡¿

2. 8x10 8.7x10 óx1 0 1.óx 10 I .0t(103

1 -2 -4.3x10 " 1.9x10

3.lxro-4 l.lxlo-4
-A5.3x10 -
-^1 .4x10 -

Tabl,e XLIII: The radioactivity cont,ained in the tissue proteins
is expressed as a percentage of the amount injected
intr¿rvenously. The highest uptake is O,0036/" into
pancreas protein 2 hours after injection, and this
tleclines ten-fold by 24 hours.

I t coul-d be argued ùhat l4c incorporation does not
rc'¡rresent ß-2-thienylalanine incor.poraterl into protein. However,
Gor.lin and Do.lan (60 ) found thar only O.4S% of the radio¿ctivity
injer:t.ed as B-z-thienylalanine was recovered as carbon dioxide
2 hours after injection, and that this quantity ctid not increase
over the following l0 hours.

30% of the radioactivi ty injected as B-2-thienylatanine
was found in the urine 6 hor¡rs after injection and J7"/" by lz
trours. These resurts suggest that very little, if atryr of
ß-2-thienyralarrine was extensively metabolised. Radioacetography
of the urine demonstrated that this compound produced a rarge
number of urinary metabolites and unchanged ß-2-thienylalanine.
ln contrast, the candidate found gV" of ß -2-thienyraranine was

excreted unchanged in monkeys infused with it. This may represent
a species tlif f ererrce or di.f f erences in measurcment technique
as the candidate used amino acid analysis not radioacetography)
or the fact that the label-ring of ß-2-thienyral.anine with 14c at the
3 position may havc read to increased metabolism of the
B-2-thi enylaì an,ine .
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. However', t.he findings of Goclin and Dolan ( 6O ) agree

wi th the canclidaters f indi ng (Ctrapter V) that int-.orporation

of fl -2-thicrryl.alanì ne into prot.e in is negligib I e , ancl Goclin

;rntl 0ol¿rn hirve showll that such proteins are metaboli sable arrd,

hcr'¡t:c, woul.cl not accumulate,

Âtl the studies j n this Section suggest that
ß-2-thienylalan:ine will not, in the quantj.ties sufficj.ent to
rtrtìr¡t:c i ntestin¿r.l absorption of phtrnyl.alani.ne, produce a, reduct,ion

of' phenyì-aì anine incorporati on into protein, nor wi.I I it. be

si¡.nificantly incorpc'rrated into protein itself. Thus, this
concerll should not prevent a short r e .9. two week tri al-., âs

outlined for cycloleucine in Chapter VII, of ß-2-thienylalanine
bcing undertaken in phenylketonuric patients.

Coul-rl ß -z-thi e Ialanine lace lalani.ne as the brain
ama nt

When the candidate has present,ed aspects of thi.s
wolk at scj.entific meetings, it. has been suggestecl that the

c lrcu-lating ß -2-thienylaìarrine would act on the brain in a simil.ar
h,ay to cl-ev;rt;ed phenylal anine iì.ìtr.l , thus, the Iowering of serum

f'htrn.yl.¿rlaninc wor¡ld be offset by t.he benefit of B-2-thienylalaninc
in the scrum.

In Chapter V it w¿rs shown t.hat the leve.ls of B-2-thienyl--
aì ¿¡.nine that occurred on l.ong-term oral f eeding of it were sig-
nìficant, although incorporation into protein was negligible.
tlowever, the tvro monkeys who hrere not fed supplemental phenyl-
al anj"ne but h¡ere given B-2-thienylalanine had similar levels
of B-2-thieny Lalanine to those fed the combination, and did
not develop clj.nical evidence of mental retardation. This does

not ¡cìdrcss thc problem of whether the ß-2-t.hienylalanine levels
¡rl us moderatcly elevated phenylaì-anine level.s might be just
¿rs r.ìamagi.ng ¿ìs high phenylalanine levels alone the evidence
c i t ccl in chtrpte r v hras that one monkey f ed the combination was

cì irricaì-ly brain damaged, whil-e the other was not. However,

the experi nrcntal animal has phenylalanine hydroxylase which

i s pnobably inhibitecl by Ê-2-thienylalanine as shown by Uclerfriend
arirl Cooper ( 63 ) , and by the candidate in Chapter VIII . Thus,
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the reduction of serum phenyralanine in the experimental animar
is lcss than would be achieved in phenylketonuric man.

To further explore the possibility of g-z-thienylalanine
caus i ng brain tlama.ge in combi nat ion with moderately el-evated
phcn.yl al¡rnine level s, this serrtion looks at the various theories
of' mechûnism of bra,in ilama¡',e and hoi+ the added presence of
ß-2-thienyLalanine could be expec,ted to affect same.

Thcory of serotonin deficien cy

In 1957 Pare, Sandler and Stacey ( 67 ) found that
i n l 0 phcnylketorrr¡ric chi ldren, the serum J-hydroxytryptamine
Icvels and urinary 5-hydroxyindoleacetic acid levels (expressed

as a function of urinary creatinine excretion) yere narkedly
reduced, compared to L2 nornal children, l5 hospitalised chirdren
awaiting tonsillectomy and ! mentally defective chíIdren without
phenylketonuria riving in the same institution &s the phenyl-
ketonuric children. They postul-ated that a reduction in serun
pheny.laìanine level wourd favour hydroxyration of tryptophan
and ¡'esult in an el_evated serum S-hydroxytryptanrine ( serotónin),
ancì that this is important for brain function. rn 1959 thc
same worker.s (67) compared 49 patients with phenylketonuria
and .ì2 mental defectives and confirmed their earlier work that
thc phen.ylketonuric patients had lower urinary g-hydroxyindole
açtrtic at:id teveìs (2,Zng/g, creatinine) than their nenr.ally
defective non-phenylketonuria group (7 .zng/ g, creatinine).
rn trddi t ion, ttre phenyrketonuria group again had ¡nuch rower
scr-um 5-hydr:oxytryptamine revers (Tl.zng/nL, compared to zbsng/rril.
in non-phcnylketonuric controls).

They then exami.ned the relationship between 5-hydroxy-
inclr¡l c¿ì.cr-'t. ic acid and inteiì,Iigence and found no significant
r:r.:rIr'elati on. They postulated that. hi.gh phenylalanine levels
mi¡¡ht af'fect orher neurotransmitter pathways. Knox (6S) has
marle similar observations including finding low serotonin levels
irr cerebrosp:inal fluid. McKean (tZ7 ) has shown low serotonin
levt'ls in brai-n tissue on autopsy samples from untreated institu-
tion¿rl ¡rntients rvith phenyrketonuria. He arso found row catcchol-
amint:, tryptopha,n and tyrosine revers. McKean with schanberg
anrl Giarmann showed that the uptake of the serotonin precursor



183.

S-hydroxytryptophan into the brain r{¡as reduced by elevated serun
phenylalanine levels, while Huang and Hsia ( t2Ð showed that
J-hydroxytryptophan decarboxylase was inhibited by phenyralanine
and phenylketones.

However, Davison and Sandler (130 ) found that the
phenyl-ketones, particularly phenyJ-acetic acid and phenylpyruvic
acid, were much more powerful inhibitors of J-hydroxytryptophan
decarboxylase than phenylalanine itself. using 3.3mM concentrations
h,ith phenylacetic acid, they obtained an 84% inhibition of
$-hydroxytryptophan decarboxyrase and phenyrpyruvic acid inhibited
by 76/,, phenyllactic acid by 52/", while phenylalanine alone
only inhibited this enzyne t3%.

If it is the netabol-ites of phenylal_anine that inhibit
rather than phenylalanine itserf, then ß-2-thienyraranine would
not be toxic to the brain.

hrooley and van der Hoeven ( 131) used a combination
of both d and I phenylaranine pl-us r tyrosine in mice and showed

that there hras a dubious reduction in the ability of the mice
to escape from a bright right. They (t¡t) then showed that if
5-hydroxytryptophan or another serotonin congener, melatonin,
r{ras given with the phenyralanine and tyrosine, the rearning
inpairment was prevented. However, using a different phenyr-
ketonuria model of parachlorophenyraranine prus phenylalanine
feeding to rats, Butcher, Vorhees and Berry (t¡¡) showed learning
deficits not found in rats fed the same dose of parachlorophenyl-
alanine. Yet, both groups of rats showed an identicar reduction
in serotonin. The same group ( 134) injected paraphrorophenyl-
alanine prus phenylalanine into neonatar rats and compared them

to another group which received the same combination plus melatonin:
no difference was found but both groups had reduced rearning
ability compared to uninjected controls.

Finally, Schaeffer, Barrett, Sanders, Bush and Vorhees
(t¡s ) showed that p-chloroamphetamine, a specific inhibitor of
cerebrar tryptophan hydroxyrase, did not inhibit learning; rather,
it improved learning.

It seems unJ-ikely that serotonin deficiency is the
.ì-ikery cause of the mentar retardation in phenyrketonuria.

,t

4
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If it r{ere, enzyme studies on the effect of ß-2-thienyl.a}anine
on the tryptophan to ser.otonin pathway would be warrantedr ôs

wouLd investigation into the effect of B-2-thienylalanine on

thc uptakc of J-hydroxytryptophan into the central nervous system.

Other neurotransmitter substances have been implicated
in the pathogenesis of phenylketonufia; as mentioned above,
Iìare, Sandler and Stacey (67) theorised that such may be the
crscì , whi l.e McKean showed low I evels of catecholanines in phenyl.-

kctonuric post-mortem brain - the catecholamines reduc.ed were

rìopamine ;rntì especialLy norep:inephrine. Nadler and Hsia (13ó)

founcl recluccd catechol¿mines incJuding norepinephrine in blood
and urine of phenylketonuria sufferers. The mechanism of this
rc'duction appears to be via the presence of phenyrethylanine
in the brain (137); as discussed below, this is unlikely to be

increased by the presence of B-2-thienylalanine in blood.
Lasala and coscia (138) found a tetrahydroisoquinoline

cìerivtrtive in phenylketonuric urine and in the brains of rats
with expcrimenral PKU which inhibits dopanine- ß -hydroxylese.
Again, the presence of 0-2-thienyralanine in blood is not likery
to increase the formation of this substance.

Pht'nylethylami ne

'Ihe ¡.ol.e of phenylethylamine and associated Vitani.n
Bó (pyridoxine) metabolism disturbance i.s a very interesting
orlL- in the various hypotheses of the pathogenesis of brajn darnage

in phenylket.onuria. rt has been pursued predoninantry by Loo

ancl Mack ( t 3,¡ ¡ . They showecl that the phenylethylamine-pyr.idoxal
compl.ex Ìs neur.otoxic in mice (t¿O ) and that phenylethylamíne
increases in rat brain with increasing serum phenyl-alanine ( l4l ).
Tltcy showerl that the pyridoxamine forned prevented the accumulation
of acidic phcnyralanine meraborites, probably by binding with
thc first phenyl.ketone derived from phenyraranine, i.e. phenyl-
pyruvic acid, and transferring it out of the brain cells. phenyr-

ethylamine ¿rlso depletes Bó by combining with it and could lead
tù arì effective vitamin n6 dericiency which, in turn, could
I e¿rd to both impaired myelin synthesis ( 140) and neurotransnittcr
¿rbnormal-ities. Certainly, at post-mortem, phenylketonuric brains
appear to have been improperly myelinated(vid.e inlrza).

t
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They behaviourally supported their biochenical hypo-
thesis ( t40 ) by showing that weanling rats fed phenyJ.alanine

f,lus pvridoxi.ne ha.d norma-L learning. They coul.d find no effect
ol a pvrirf .rx ine f'rce diet but an anti metabol.itc of vitamin 86
d i d ( a ntl the comp I ex of phenylethylarni ne and pyridoxine has
anti-vitanin R activity), Thus, in the absence of pyridoxine,
the phenylaranine metaborites which are acidic would not be

transported out of the brain and could cause damage in their
own right, the presence of an anti-vitamin Bó substanse would
be formed, vitamin Bó woul-d also be consumed. Al-l of these
actions could damage the brain. Last]y, Loo and ldack (f¿f) found
that giving 86 arong with its anti-metabolite prevented rearning
defi c its .

trhenylethylamine formation in phenyrketonuric patients
is a direct result of erevated serum phenyralanine.
ß-2-thienylalanine woul.d not increase the formation of phenyr-
ethylamine. Thus, if the phcnyrethylamine hypothesis of brain
damagc' pathogenesi.s is correct , g-z-thÍenyralanine wourd not
flìtr lr ly rcplac,e phenylalanine as the f irst step towards brain
damage.

llrain Pol,yribosome Dis gation
À.s stated in chapter r , this theor.y has been advanced

by Aoki ancl Sitrgel ( 73 ) ancl has been supported by other workers.
( 143-t4ó). tautr and Johnson pointed out that the rdisaggregationr
rloes not fit with other findings of artered amino acÍd concen-
tr¿tions in the brain (discussed below) r âs a rate limiting
sup¡rl.y of ¿mino acids has been shown to apparently stabilise
t:e I I pOlyribosomes and decreasc the transitir¡n to mo¡romerj c
t'ib$s.m*s (145 ). Tryptophan rlcficiency is thc only amino acid
dcf ic iency accor'<ling to Hori, rrisher and Rabinovit z ( 14î that
-leil to rdisaggregationì of poÌyribosomes in rabbit reticulocytes.

zomzery, Roberts, Brown and provost ( r48 ) reporterJ
mammalian brain polyribosomes to be more unstable than those
of othcr tissues. while Aoki and sieger ( ll) noted rhat in
response to high revels of ¡rhenyraraninc it was the brain tissue,
partir":ul.arry in neonatar animal-s, that was most susceptible.
These findings are compatibre with human phenylketonuria where

I
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t,issr¡e damage other than to br.¿rin is negli gibte (or cxprainable
b)' tyrosine deficiency or phenylketone procluction), and where
it is know¡r that neonatar br¿rin is more susceptible to damage

tlrinr ¿rrc ¿rdul t brains.
Tat¡b and J ohnsonr s ( 145 ) paper was tJirected t.owards

the rrelncidation of the mechanism by which phenyralanine disrupts
blai,rr poìyribosomes and the effects of aging on polyribosome
mobility in the presence of high concentrations of amino acidil.
They i n j ectetl mi t:e with either I or 2 ng/kg. phenylal_anj ne and
examined sedimentation profiles of brain ribosomes 30 minutes
later. They t¡secl saline injected mice as contrors. Ifrom their
studies they consiclered'disaggregationr a nisnomer and showed
tlrat the increase in monomeric. ribosomes (zg%-42/", depending
on whct.her f ret: or bound poryribosomes h'er.e examined ) could
possibìy be e,xplained by an increase in robosomal sub-units,
Thcv ¿rì so showciì t.hat, the increase in monomeric ribosomcs was
grL';rt!'r in t hc t- erebral. cortex (68"Á) than in the cerebelrum
(3:Tl4 ). They subjected their ribosomes to potassiun disassociation
wlticl¡ did not appreciably alter the number of active ¡nonoribosomes,
but. did inc¡'t¡ase the number of ribosomar sub-units. This, they
argucd r l{as evide¡tce that the increase in mononeric ribosomes
Ìr¡¿ìs not medi¿rtcd by RNA-use since enzynic hydrolysis of r¡RNA+

wouÌd resulr in monoribosomes within mttNA and peptidyl-t-RNA
attache'd and these particles would have been resistant to potassiun
diss.ciation. They confirmed that the brains of óo day ord
mir:c wcre relatively resistant to high phenylaraninc exposure,
whi rc those of mrce aged between 1 and ló days were equally
st'lrs i t, i ve .

ltnfortr¡nately, none of these studies indicate why
hi gìr phenyl.lani'e increascs the ratio of monomeric ribosones
t. polyribosomes. Taub and .Iohnson ( 145 ) hypothesise that as
high phe'ylal.ani'e levels, through amino acid i¡nbalance (discussed
below) may alte' the avairabitity of anylated-t-RNA, this nay
infìuencc protein initiation as shown in other systems by vaughan
¿ìrlr.'l Hanserr (t+t)). This, Taub and Johnson (14t argue, wouJ.d reducc

l¡
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the percentage of ribosomes that are bouncl as polyritlo-somal

ctrntplr'xes. Thus, thc only cfl'ect that ß -2-thicnylal¡rn.ir¡e t:oul.d

l)'ir v..' , wi.luld be through a,dd ing to thc ami no aci.d i mb¡r.l ancc .

Thj s is tliscussed in the next paragraph.

Inhibition of amino acid transpor.t into the brain
High phenyLalanine levels have heen shown to clecrease

transport of other amino acids into the b¡'ain (f50) and to reducc
prcrtein syntht:sis in brain (151, L52, 153, 154)

Mitoma and Le Vaìley (155) indicated that the incor-
poration of anr.ino acids into bra.in protein could be influenced
by transport of those amino acids into the ceLl or by the events
of synthesis. Hughes and Johnson (15ó) pointed up the difficutty
in d i stinguishing alteratj.ons at the translational level from
inhibited amino acid transport. High phenyì"alanine tevel does

reduc:e the production of methionyL-t-RNA but t.he acylation of
t-RNA for other amino acids is unaffected (157) This suggests
a hi ghry sper:ific role for phenylaranine and, therefore,
ß-2-thi enylaÌanino- would be un].il<el.y to minric the action of
phcnvl alanine .

The much lower fevc Is of B -2-thicnylalanine achieved
during tr(.at.mcrìt of infant monkeiys (Chapter V ) would be unlikely
to cause inhibition of trarrsport of other neutr.al amino acids.
Tht' -leve-Ls ¿r.t:hievcd in thosc monkeys wer,e usually ress than
t(lnrg%. whercas most clinicians believe th¡rt levers of ptrenyl-
¿rl;trrine rìp ttr lSile% (tl.9mt-l) ¿r¡.t: quitc ,safe. rt i.s difficult
t(ì t'onceivc of the elev¿rted phe¡ylal¿rni¡g Levels plus
ß-2-t.hit:nyìi¡ l¡urine being sumrn¿rt;cd, bectruse tht: additio¡ 9f o¡e
r-'f tlte bra¡tchcd chain ami.no acids in experi mental phenyì kctonuria
al\pcars to bcr pr.otective (158,159)

Âb¡rormaì. or Reducecl MyeIin

Ch¿rse and 0rBrien (ló0) on the basis that young patients
w,ith phenylket.onuria h¿rve impa Lretl fornration of myelin (161 ),
as do patients dying of homocystinuri.a (L62), and the repor.ted
decreasccl totrl brain lipids, cspecial.I.y cerebroside and sulfatide
in branchetl-r'hlin ketoaci.duria (163),hypothesised that the condition
comnìrìn to tht:,st- three amj.noacid-opothics was impairmcnt of myeli¡
form¿rtion, in partrcular', (rcrrìbroside sul.fatr: (sulfatide).

þ
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Tirey in jectetl newborn rats f rom lz hours of bi r,th thri ce daily
until l8 days of êger givi'g se/ke/day subcuraneousry eit.her
ùne of I amino acids, phenyrpyruvic acid or amnonium carbonate
(onl'y 2.Se/ke/day) . control ¿rninals wr¡ re injecrecl with physio-
logi caì- sal ine . To obtai.n growth recruced rats , they f ed 16
pups f¡'om orìe nother rat, while arl- others were 3 or { animals
t.o onc dam.

In initial experimt':nt,.i the ìn uriut¡ formation of sulfatide
iu myelin from intraperito'ea1 35 s-sulfate was determined at
diffcrent pe|iods after birth. r,ater, to e:xamine the reversibirity
of thc: effects of excess phenyralanine, t,he injections were
d.i scontinuerl at i.tervals and the animals nursed normally untir
lS tìays when r.n r,¿.rrc-¡sulfaticle formation was measured.

Determination of ùt vi_tn<t sulfati.de synthesis was
¡ncasured in three ways -

I ) 3Ss-srrlf"te served as the raclioactive precursor;
z) ilSs-"¿enosine 

3r-phosphate 5r-phosphosurfate (pAps) served
as the surfaticre precursor and exogenous cerebroside was
added;

3) was the same as Z) but whol.e honogenate of brain was the
cerebroside source as it was in method I ).

They found that surfatide synthesis started at 6
days o-ld and peaked at r8 days reaching a row stable rate et
23 days. The rats injected with phenyralanine fron day l began
synthesis of surfatide on the same day, but at a resser rate
( at day l8 synt.heti r: rate was only hal f that of control saline
in jected a. i rna I s ) . BorJy we :igrrts were not signrf icantry ress
(although that m¿ry havc been a Type rr statisticar error here
as 24 contloì s wcighed 46 .Z l4.c)g. and I I phenylal.anine injected
anin¡als 40.0 I 4.5s) but brai. weights and totar brain ripi<ts
r'.Ìrcr I esterol , cerrrbroside and su] f'atide wore s Lgnif i.cantly reduccd
b¡' thc phenyla.lanine injections. 0nly sulfatide Levels rdere
significa.tlv reducecr if thesc ripids were e,xFrêssed as mg.
per gm. wet weight of brai n. Ga.lactolipid sulfotransferase
at-'tivity {¡z v,i-.tno using 3SS-sulfa.te as the precursor was }owe¡.
i. phcnyralarri'cr br¿rins, but the activity rdas not decreased

l¡
I
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lr 35s-pnPS was usccl. Th:is sugg<:sts that the meclranism of decreased
sulfatidc formation \das due to reduced pAps. They also found
decreased DNA antl protein contcnt in both the cerebrum and cere-
bellum.

ln the later experiments rooking for reversibility
they found that 4 days of phenyl-araniné was sufficient to result
in signific.antl.y redr¡ced brai n weight, total brain lipid weight
and ¿n ylyo for.mation of sulfatide.

Mren they compared amino acids they found n¡ethioninc
(Sg/ks/aav) rnost inhibited surfatide formation, tyrosine and
argcuine hacl a similar effect to phenylalanine! histidine, leucine
and valine harì resser but detectabre effects, but isoreucine
did not inhibit sulfatide formation. clearly, the effect of
the amino acids were not equaì, and thus no accur.ate statement
of the effect of ß -2-thienylalanine can be predicted. rt is
of interest that ammonium ca¡.bo¡rate (used to see if amnonia
toxici ty was a common pathwa.y ) inhibi ted sulfaticle for.mation
by 37% , and s i gni f i.t:antl y re:d uc.cd total brain wei ght and brai.n
l ipid wcight. Arginine, alt.hough j.t rerìucecl sul.f'atidc synt.hesis,
did not redr¡cr: total brain wcigtrt, non did isolerrcine or phenyl-
pyruvato. The poorly nourishetl t6 pups showed similar reductions
in br¡ri n wci ght , totaì- bra i.n lipict and sulfatide f ormation .

Thus, it is hard to posturate ammonia as the common factor.
As chase and 0'Ilrien (160) comment, the decreaserl DNA and protein
(:onterìts rrsuggest that the toxicity of phenylalanine is broad
anr.l is not limited on]-y to a reducecl formation of myelin lipids.rt

The findings of chase and 0rBri.en have been supported
by Prensky, Fishman and Daftari (164) and it has been shown that
incorporation of labelled acerare (f6S ) or labelled glucose
(166 ,167) i.s reduced in the presence of high phenyraranine revel.
unf ortr¡nately , unl-i ke chase ¿rnd 0r Brien (160) they did not compare
ph\ìrrylal.anine with other amino acids. Therefore,, the effect
of Ê-z-thienylaranine on these mo<lels can onry be speculative.

Impaired Energ.y Metabolism

Gimenez, valdivieso ancl Mayor (te7¡ have shown that
¡rhr:n-Ì'l.al anine inhibits pyruvate kinase and. hcrxokinase, but hleber
( t ó81 showed pvrrrvi.c acid hart the same eff ect. rf phenylalanine
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exerts its effect by conversion to phe'ylpyruvic acirl then
B-2-thienyra-La,n.ine would not cause brain damage. 0ther studi.e.s
in this fieltì supporting a disturbance of grycolysi.s as a mecha.nism
for the path$genesir; of phenylketonuric brain damage do not
give d¿rta such as thtr artic[e of chase and orBrien (160) suppJ i.ed,
which enabl.e one to ¿rscertain if B -2-thienyJ.alanine is likely
to h¿rve a simi,l.ar eff ect as phenylaranine because other a.mino
acids are not used, but a common thene of phenyrp.yruvic acid
¿ffecting pyruvate decarboxyl-ation is present (t6Urló9). Similar]_y,
phenylacetate has been shown to reduce synaptic boutons in rat
brain by Robain, I{isniewski, Loo and Wen ( fZf). And others have
supported the role of phenyracetate in reduction of synapses
and/or dendrites (l7Z,l7Ð. A.y assignment of the pathogenetic
.trl-e for brain damage in phenyrketonuria to the phenylketones
wou-lcl be evitlence against ß-2-thienylarani ne also causing such
brain cìamage.

Disturbed Gultanrate Metabolism

Perry et al. ( 17ü proposed a role for decreased
glut:rrnic acid being the pathogenetic mechanism for brain rJamage
irr phrrnylketonr¡ria, but this view has been chalrenged (vida aupnø ),
Taishan ( rzs) exani'ed the possibirity that l-keto and l-hydroxy
acids of valine and reucine and the aromatic acid derivatives
r.rl' ¡rheny.Ial.anine (phenyLketones ) acted via their abitity to
irrhibit glutamic acid decarboxy-lase which would lead to reduced
1-.nrinobuty.ic acid and that., in turn, wourd lead to brain darnage.
Hrr l'ouncl <.r-hydroxylprrenyracetic acid to be the most potent inhibitor
of glut.amic acid decarboxyrase obtained from rat brain, among
the phenylk.tores, but that l-ketoisovaleric acid and l_keto_
isocap.oic acicl (keto derivatives of varine and reucine) to
be even mo.e ¡rowerful inhibitor.s. Regrettabry, he did not test
pheny[aranin* itserf r nor ].euci ne or va]-ine. Again, .if it i.s
the phenylkrrt,<ures themserves which a.r.e the resp'nsible agents
f o r the b.a i ' damage in phc'ny Lketonuria through the gJ-utanric
ar: id to v -amirrobutyri c ¿r.cid p.thway, it i s reasonabre to assune
th¿t B-2-thirrnylaLa,'ine wor¡rcr not cause simil_ar damagtr.

l.n conclusion, regar.di ng t.e pathoge'esis of the
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brain damage in phcnyì_ketonuria, Scriver ¿rnd CIow ( 176) have
sunmed it up well:

trrhe bra in phenotype in pKU is spec ific; therefore, its
mechanism is of great, interest. unfortunately, a bj_oche¡nica}
basi s for the irreversibl"e mentar retardation and themore re-vcrsible behruviou¡'al disorders remains unclear,or et I east untidy. No particurar metabol.ite of phenyr-alaninc can be considered the prime culprit; no 'sinite
aspect c¡f cel.rular metaborism is irnplicated. phenylaranine
and several of its derivatives, acting in different wayson varic'r¡s structural and functionar components of thebrain, probably account for the irreversible and reversible
out cones of prolonged severe posturated hyperphenylalaninemia
. . . The possibilities incl.ude perturbâtions of enerÉil¡netaborisn, anino acid transport, cellular amjno a"i¿pools and synthesis of neuro-transmitters and nacromorecul.es
pertinent to brain structure and function.rl

rn this st¿te of uncertainty of the mechani_sm of brain damage
i-n phcnyl.ketonuria, it is impossible to predict the rikely effect
of ß-2-thienyL-alanine pì-us modest phenylalanine elevation against
hi¡¡her phenyìalanine levels alone.

In looking at ar.r the mechanisms, none suggest that
ß-2-thie'yJ"alanine would be more toxic to brain than phenylalanine.
wherc amino acids h¡¡ve been compared, dcfinite variatiorrs in
toxi c ity have been notecl. rn many ca.ses, the phenyrketones
ùr other plrenylaìanine meta.boli tes appear more damaging than
pht'ny-lalaninc itself. The onty direct worl< in thi.s fierd has
been thc canditìaters, as descr.ibed in chapter v, and there it
was f'ouncl that B-2-thienyrara'i'e alone appeared non-toxi,c and
in one of th,o nonkeys, the combination of' ß-2-thienylaranine
and modest clevation of phenylalanine was l_ess toxic than higher
levels of pheny)-aranine. unfortunately, the lowering of phenyl-
¿rlani ne I eve Ls in the monkey experiment wa.s ress than one would
r:xpect in phenylketonuric man. rt is the candidatefs opinion
th¿t a shorr-term feeding experiment with ß_2_thienylalanine
worrl.d bc justified if a more suitabl-e analogue of phenylaranine
cannot be found.

As discussed above and in chapters v and xrrr, ¡l
concern o\¡er usirrg ß-2-thienylalanine as a treatment agent for
phc'nylketorru'ià w¿rs the fact that it might prerJispose the patients
rece-iving it to shigerla enteric infection. Two possibre nech_
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anisms for. suc,h an effect can be postulated _

(t) that cells could be damaged by ß-2-thienyl-alanine a¡rd thereby
their abil:ltv to resist non-pathogenic rloses of Shigella
impaircd;

or
(2) that the normal bacterial flora of the gut may be reduced

by the ingestion of ß-2-thienylalanine and organisns such
as Shigella which might be rel-atively or absolutely resistant
to the efftrct of B-2-thienylalanine would then be at ên
advantage in coLonizing the gut.

These co.cerns were among the reasons why ethic¿l
comnittees were rel.uctant to allow any chronic adninistration
of ß-2-thienyì.alanine to phenylketonuric patients. Accor.dingly,
thesc postuJ-ates, particurarry the latter-, were examined by
Dr. K .J . Browtt in his Ph.L thr-sis which was supervised by the
cantlidate in con.juttction with Dr. G.t{. lannock of the Departnent
crf Microbiology, un:Lve¡.sity of Otago, Dunedi.n, N.z. Ttre candidate
!{as co-author of many of the published papers that arose fron
that wor.k. Thcsi: will now be disc,ussed.

Ini tiarly, it was cteci <led to sec i f bacterial genere
r.:ou'lil bcr cliff erentiated by t.l¡ei r inhibitiorì or otherwise by
ß, .?-thi.enyì,alani nc (11$.

Tlre b¿¡c'tt:ria were cr¡ I ttrrctl on Delnai¡rr s ( 177) mei{irr¡n wi th
tlt'.' i'ol lowing ll¡od:it'ications: nrang¿ì.ncse sulphirte, fer.r.ous sul ph¿te and
t:¿t I ti i ttm chlor'.i ,-lt: wcrre omíttetl . tt w¿rs f ouncl try co l ony sor¡rìt i ng that
bat't erj al- gl'ol/th in this meclium was comparable to that on the
cornplcx medium corumbia agar. using this, it was found that
a.ì-l 28 Shigell.a c:ultures tested were inhibited by o-2-thienylalanine
a's h/ere 3O of 32 strains of E. coli tested. It was found that
the 8 salmontrlla typhi strains tested were not inhibited, nor
wrìr.e the 45 S¿lmonella typhimurium tested.

The following organisms were ¡tot inhibited by
8*2-thienylaì-anine Proteus mirabilis (ó strains tested), proteus
vulgtr.is (2), r)r'oteus morgani (3), proteus rettgeri (l), pseudo-
nìLìnas aet'ug;.inosa (Z), Acinetobacter species (4), Enterobacter
spccies (3), cit¡'obacter. species ( l ). 0f rhe g strains of
Klebsiel.la specics tested, 2 rvcrrt: inhibited and 3 were not inhibited
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by ß-2-thienylal-anine which is possibly due to taxonomic non_
uniformity. Thus, shige.Ll.a woulcl not have an advantage in patlents
f'ed ß-2-thienyl.alani.e but possib.Iy sarmonella woulcl.

Duri ng the studi es on di f f erenti at:ing b¿rcter.ia on
the basis t'rf their reaction to 0 _2_thíenylalanine, i.t became
evident that magnesium played a critical role und this h,as further
examined by Dr. K.J. Brown and the candidate (gg), and it was
found in the Guthrie tests (5) that if magncrsium sulphate was
in the medium at 0.05e/1. rhe rest became unreliable and a.t o.lE/L
Bacillus subtilis overgrew the mediun and phenyl.alanine levels
could not be determined. simitarly, E. coli and shigetta specics
which were inhibited when magnesium revels in the medium were
row became non-inhibited at 0. tg/L lig. s04.7H20 in the medium.
This is 0.41mM magnesiun and the normal range of the ser.urn magnesium
is o.75 to 1.0m1't. Thus, in thc hunan intestine no .inhibition
of bùcterial g.owth pathogen or non-pathogen would be expecterl.

The above two studies were conducted on sor-id agar.
The next sr.udy by Brown, Elliott, Tannock ancl Lines ( 9g ) was
c.rni1r"tun i¡r 3 different J-iquid, chemicaJ-ry defined media ryhere
i t r{írs found that ß-2-thi.enyl aranine inhibi ted arr three gener&,
artd in tltest: nredia neither magnesium nor zinc abolishecl inhibition
but phenyl-alanine and tyrosine did.

To deternine the mechanism of these differences
between soì.id and tiquid media, Brown, Tan'ock, Ettiott, and
Lines ( ls ¡ placed B -2-thienyrar.anine in an agar prug and alrowed
it to difftrse from there into the liquid medium. rt was found
that salmonella ihra,s again protecterJ fron the effects of
ß-2-thienylalanine. The differences occurring in g-2-thienyralanine
irrhibition between liquid and prate assay conditions were not
dt¡c to composition of the c.urture plates, time of charrenge
of' cul"tures with B-2-thien¡'laranine, availabirity of oxygen,
dif'ferences in ratio of vorume to availabl.e surface area, selection
of nutants or extractabrc substances in the agar. rt was conc:luded
that thc deray in di.ffusion of ß-2-thienylalanine to the salnonerLa
alltrwed tlrosc species to a.ctivate a mechanisn that protected
thcm. rt is difficult to conceptualize such a deLay in thc
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intestine and, hence, sal.monelja shoul-d not have an advantage
in patients fed B-2-thienyJ.alanine.

As the predominant. ba,cteria in the large bowel are
ana(ìr'obLrs, i t was important to ensr¡re that tlrese would not be

inhibited by B-2-thienyì.alanine. A studf by lìrown, vesey, Tannock,
Bell-, Lines a¡rd Elti.ott (t12) showed that of rhe IZT anaerobes
i strl.a ted f rom th.c gut of J treated phenylketonuric chirdren,
onry Ç were inhibited by È2-thienyraranine and, in all cases,
this inhibition rras reversed by a phenyraranine l-eveL (l3ne%)

that wor¡ld be expectecl in the serum of phenylketonuric children
and was exceeded in the chyme of both fasted and fed rats (chapter
\I.

Finalìy, mice were cha)-lenged with Salmonella typhi-
murlum or Shigclla flexneri III when they were fed ß-2-thienylalanine
íìnd whrrn they were not (Brown, Tannock, Eyr.es, Elliott and Lines(tt3)),
3it)mr¡,zkg/da.y w.rs gj.vtrn for' 7 days. lZ nice were given
to3 - to4 bacter.la ùn the penuLtimate day of B-2-thienyral-anine
feeding. Another group of lz mice received water by gavage

and were chal.l.enged with the same dose of bacteria. Half the
ß-Z-thienylaì-anine group and half the control group l{erÈ kilred
?4 hours after bacteriar challenge and the other harf 48 hours
later. A strgment of spleen (and liver) was taken for histological
t:x:rmination, thc rest of the spreen, the smalr intestine and

the ì-arge intestine were cul-tured for bactcr.ia.
l,ar.g.'r. doses of bacteria r{ere given in a similar

l'ashi on but there were only { mi ce in the B-2-thienyl.alaninc
g,r(ìup ancì 4 in the cont¡.ol group for sarmonerla cultr¡res with
the challe.ge inoculation being r0'5, 106, 107 and 108 bacteria in
ca.'h group. rn addition, 4 mice were given !0mg. of streptomycin
i n acìdi ti on to B -2- thienylal anine, ancl 4 control aniurals were
g iverr streptomyc in in their h,at,er. These animals were chal_lenged
rvith 103 Sal-m,¡ne-lfa on the penultimate day.

For ShigelJ.a 12 mice were used for bacterial challenges
of ltl4, 105 and 107. 8 mice for 108 challenge and 4 mice for a ioa
cìra trenge whcn streptomycin was given with ß-2-thienyralanine
Lrr t{¿ìter.
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The resul-ts are shown in Table XL.tVa & b whictr is taken
from t.he article by Brown et al. ( 113 ) and clearly show that
B-2-thienylalanint' docs not incrt:ase the colonization ¡,;rte wj.th
either Salmonell.a o¡' ShigelIa.

The most conmon other bacterial'isolates were Proteus
mirabilis, lìscherichia col-i, Pseudomonas aeruginosa and Kl-ebsiell.a
species. No obvious differences were noted in either the types
of bacteria recovered or their numbers on plat,es from water-
fed or B -2-thienyraranine-fed mice unchalrenged with pathogenic
bacteria or given row inoculi. with increasing size of pathogenic
inocr¡lum there were nore lactose-fernenting bacteria from both
water and B -2-thienvlaranine-fed animals compared to those given
small er inoculums and there was a narrohrer range of bacterial
types. No obvious historogical- changes were not.ed in spleen
or liver samp.les taken from mice given B-2-thienyralanine or
water. but not challenged with pathogens.

Thus, the paper of Br.own and his co-workers cited
abovt: show that there are good theoret.icar reasons why

tl-2-thienylalanine would not favour colonization of the intestine
w.i th pathogens and, in pracrice , g-z-thieny.r.aranine did not
m¿rke mice mÒre susceptible to sa.lmonella or shigella enteric
inf ec ti.on.

WouId cloLeucine or Ph lalanine be an Effectivc lreatment
n etonurla

In Chapter III it was shorm that cycloleucine increase¿
t,hc urinary excretion of phenylaranine in hyperphenyraraninemic
monkeys predominantry by increasing gronerular firtration rate.
rn thapter IV it reduced intestinal absorption of phenyr;rlanine
in the salne monkeys when given together with a phenylalanine
load.

These results were confirned in , chapter x where
cycloleucine inhibited the uptake of phenyraranine by isorated
brush border vesicles from the rat kidney proximar tubule, ancl

in chapters xr - xrrr where cycJ-oreucine was found to inhibit
phenyìaranine uptake by the everted gut s¿rc of the rat it
was & more ¡:owc|ful inhibitor than Ê-2-thienylalanine or phenyl-
aì¡Lninol. rn ¿rrldition, cyclolcr¡cine has been used in humans

sr¡f f t ri ng rìatìc('r. with negli gIi b Le sirlc-ef f ects ( 94,gS) .

t



Baccerial colonization of }{ice fed g-2-Thienyla]-anine fron Article
by K. Brorn et al.

(a) Positive colonization sanples with Sdnzone))a taplunlr/riln.

Sanpì-es \umber of bacteria in challenge dose ;i

No strepton¡rcin treatment

1^â8LE fr.rY:

B-2-Thienylalanine
feci

Small i¡rtestine
Snall- intestine I
Large intestine
large intestine T
Spleen
Spleen T

iilaten {ed

Snall intestine
Snal1 intestine T
Ia,rge intestine
Iarge intestine T
SpJ-een
Spleen T

l0
(4 nice)

10
(8 nice)

5o eg
Sireptonycin

1010 -10 -).'

( rz ¡nice )

(rz nice)

10
(4 nice)

(4 nice)

l0
(4 nice)

(4 nice)

0
0
0
0
0
c

0
0
0
0
0
0

6%

0
o
0
t/
0
o

6i¿

0
0
c
t/
0
0

6r¿

0
0
L/
0
0
0

0
0
t/6%
0
0
r/#

0
0
0
t/6ß
0
0

0
t/LyÁ
r/r#
r/vß
0
r/25%

4/2#
s/u%
6/ sffi
Sitool,
0
3/33%

0
z/stl¿
L/t#
0
0
2/2s%

(4 mice) ({ nice) (4 nice)

2/25r¿
r/25f,
r/2#
3/ s6Í
0
r/r#

7/ svß
s/6s18
a/8ß
8/eñ
3/28r
4/47%

1 = tetrathionate broth erriched culture-s.
a/b: a = number of aninals positive for SdnwndJn, b = % of plates that yere positiveof four media = J2 pJ.ates for four mice cr 64 plates for eight niäe)
4of 4 8-2-T-fed aninars en,t 3 of d water-fed airi.ars vere põsitive in at l_east one senpre.

\o
o\

(duplicate plates
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(b) I'ositive co-Lonization sampJ.es with shlgella f.lexne,i Trr.

Number of ba.cteria in cha.llenge dose

Sampl es No streptotny(-.in 5o mg
streptomycj n

3-2-fhLeny.lal.anìne- {ed lO , l0 , t0
( tz nice)

IO
(4 mi.ce )

t/ r7"/"
2/33fn,
0

b =% of positive
24 plates for four

0
0
0

l0
(8 mice)

r/ 4/"
s/46{,,
0

Small intestine
Iaræ -intesti ne
Spleen

tlatez (ed

Smal ì .intestine
Iarge intestine
.Spl een

(t2 nice) (8 mice) (4 mice)

r/2s%
3/42%
0

z/ts/"
+/ sV'
r/B/"

a/U: a = number of animals positive for Slui.g.ella,plate*s (duplicare plates oi rhree. Mediä =micc and .{8 plates for eight ¡nice)

0
0
0



198.

However, in Chapter VII oral cycloleucine 2Ong/kg/day
did not reduce phenylalanine fevel-s in 6 untreated phenylketonuric
paticnts when given over 2 weeks. Although this is much less
tlran ls g.iven as anticanc.er therapy ( 3oone/ke/day), it is equivarent
t.ù the 20mg/kg7'dose of ß-l-thienylaranine given to thc same

patir-'nts wh.ich reduced absorption of phenyral¿nine from a lO0mg/kg.
load by 47/,. A higher dose of oral c'.ycì-ol.eucine wourd appear
justified tÒ see Lf it could achieve the rlesired rowering of
s(ìrum phenylalaninc: I evels.

fn considering this approach, the candidate was

awarc of the work of 0xender and christensen (4ó) who showed

that c.ycloleucine inhibited the transport of many amino acids
- not just- phenyraranine and tyrosine as B-2-thienylalanine
äppcirrs to do.

Goyer et al. (47), using rats, found that the amino_
aciduria following cycloleucine r{¡&s predominantly dibasic, but
cystinuria did not occur unless the ratsr diets were supplemented
with 2/" cystine. They courd not find a reduction in plasma
Ievel"s of plrenylalanine after 3 days of oral cycloleucine 3}One/kg/
day - indeed, levels went up from ó.46 uM/r00mr. (range 5.5r-
720) to 8. t 7 ¡rt'l (7 .72-8.66) despite trincreases i.n renal clearances
of urine glycine, aÌanine, tyrosine, phenylaranine and histidinerf.
From the figure in their articre, it appears that phenylalanine
clear'¿rnc. inc'reas;ed from approximateJ-y 2.Sml,/minute x l0-3 to about
12.sml/minutr: x 10-3. They ùid not measure glomerular filtretion
|at.e, ¡rol' did they weigh their rats to see ii' catoborism accounted
for the elevation of serum amino acids.

llrown (48) found a marked dibasic aminoaciduria
¿Irìrl cystinuria in aclvancecl cancer patients given intravenous
cycloì.eucine 30Omg/kg/day. Again, phenyraranine excretion is
only expressed graphically it is clearly increased, and again,
plasm* ì-eve.l.s, if anything, are increased . One wourd inagine
tha t the pa.t,i ents would have been in a cati¡bolic state as they
\!'enc suf f'ering ¿rdvancecl canc(1r.. Howeve¡, Brown stat.es that
plirsmir rrl.r:vc'Js weriì essentjaJ.ly unchtrnged by drug tr.eatmcntil.

Oxender and Christensen 14(l) and Akcdo and Christensen
h¿rvcr shùr{rr that cycì oleucintr has an inhibitory pattern in respect
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to neutral amino acids similar to that of methionine in that
it inhibits both the rreucine preferringr and raranine preferringr
transport systems. This supports the renar work of Brown (4g)
and Reynolds (47) 

"uggesting that cycroleucine affects the transport
of a wide range of amino acids. From this, it courd be inferred
that although 3.Omg/kg/day of cycloreucine might inhibit phenyr-
al-anine intake, it wour-d arso reduce other neutral_ amino acid
uptake causing a peì-ragra-rike state or kwashiorkor. rf the
intestinal transport of dibasic amino acids and cystine was
affected to the same degree as renar transport, cycr_oreucine
would cause a marked inhibition of these amino acids, while
only reducing phenylalanine absorption modestì-y with consequent
malnutrition.

Phenyraraninor showed anonarous resur_ts. As shown
in chapter xr, it r{as intermediate inhibition-pohrer (i.e. more
powerful than ß-2-thienyraranine but ress than cycroÌeucine)
as regards phenylalanine uptake by the everted gut sac. However,
it showed no inhibition of phenyraranine uptake by brush border
vesicres derived from the proxirnar renar_ tubure of the rat (chapter
x) ' rndeed, it appeared to stimur-ate phenyraì-anine transport
in this mode. the expl-anation of this woul-d be a dual effect
initially described by rzbicka-Dimitrijevic, Mastarerz and Kochman
( 117) when they examined the effect of phenyraranine analogues
on rabbit-muscr-e pyruvate kinase activity. The anarogues they
examined were I-phenyraranyr nethyr ester, r-1-amino-2-phenyrethyJ-
phosphoric acid, l--aranine and r--1-aminoethyr phosphoric acid,
in addition to phenyÌaranine itser-f. At appropriate pH and
substrate concentrations arr the anaÌogues and phenyJ_aranine
exhibited activation of the pyruvate kinase at row concentrations
( tn¡l to 5mM). The concentration of phenylaraninor used in the
brush border experiments described in chapter x was in their
low range 0. 5mt'l to 1 .0mM, whire in the intestinar studies, the
amount used h¡as 5'nM or 20mM and in the studies of rzbicka-
Dimitrijevic et ar. (tt7¡, they found ar-r- their analogues inhibited
at JmM or greater.

rn chapter xrrr it is clear that phenyr-alaninor
does have a dual- effect at o.5mM concentration it stinulates
phenyraJ-anine uptake, ãt 4mM concentration and above it inhibits
phenylalanine uptake by the everted gut sac. No such duarity
could be found with ß-2_thienylalanine or cycloleucine.
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This dor:s not suggest that phenyraraninor wourd
prove a usefur treatment agent in treating phenyJ_ketonuria for,
while one might be able to ensure high levels of phenylalaninor
in the intestj.ne of phenylketonuric patient.s th¿tt woul cl inhibit
uptake of injected phenyJaranine, the revels at the proximar
¡'enar tubule would be low, t.hus stimulating reabsorption of
phenyralanine from the gromerul.ar filtrate. Thi¡; potenti al
disarlvantage combined with the absence of even preliminary safety
studies nakcs phenyralaninol. a Iess attra,ctiye proporrition for
further invesuigation than ß-2-thienylalanine.

CONCTUSION

B-2-thienylala,nine does have potential as a tr:eatment
agent for phenylketonuria. rt clearly does reduce phenyl_alanine
absorption from the intestine of phenyrketonuric patients and
promotes renal excretion of phenyralanine by the same patients.

rts incorporation into protein is ninimal- and in
the safety studies that have been conducted, has not caused
orìncern other than possib].e presdisposition of the recipient
to shigella infection. This potentiar disadvantage has been
extensively investigated by K.J. Brown (reviewed above) and
no sr¡ch di sa.dvalrtage appears to exi st.

Parachlorophenyl-alanine, cyclo.Leucine and phenylaraninol
have ,: it hrìr prr-\ven or- theoreticar rJi.sadvantages when compared
to 0-2-rhien.ylalanine as a potential treatment agent. tr¡hile
i t is poss.i ble that a superior anarogue to B-z-thienylaranine
m¿ìy be f'ound and shor¡lcl be .sought, a further investigati on of
B-'2-thienylalanine (o.g. a. nedium term Iweeks] feeding of it
t(r r¡ntreated phenyl-ketonuric patients) appears warranted.
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PR0C S0C. EXP. BloL. MF:D 1970,134:1061-106It

Ilenal Arr-rino Acid Reabsorptirx.r in l-Iyperpherryroro.in*rrric JVforr!<eys
In[uscd witlr p-2-lilrienylalaniner (.34g44.)

l). R. LrNus ¡nt H. A. \\/¡r¡su¡x
Josrþh I'' Ktnneil' .lr. Loboralories, Unhtetily o.l lllisconsirr, ìllttlison,ll/i:rousìt¿ -í370t1

mg/kg phcn¡rl¿l¿¡n¡ne2 intravenously as a stal
do.se.'I\vo uronl<ey.s (BSO and ÉZZ) \yere
startcd o¡t an in f usir_¡n of phenylalanille in
ph-ysiological saljne at concentrãtion of 2.0
Ê/100 ml and ¡rt a rate to delive r z
g¡kg/<1a¡,, After 24 hr,lhc jnfusion \r*as
charrgerl to 2.0 g/l0O rnl phenS,lalanine plus 5
¡4/100 ml B-2-thien¡,lalanines in saline'at the
sanre rate. In the otber tlo trronkevs (I)43,
Eó5) the reverse orcler. was used. T.he cànrbi_
nation of phenl'laìanjne and B_Z_ttr;envìaia_
nine u'as i¡rfuserl for the lìrst 24 hr follo,råJLv
phen¡,laìanine alone.

At the end of each 24_br r¡ri¡re collectiolt
su¡rra¡rubic pressure rvas ap¡tliecl to enrptl, the
l-rladder completely. During ro.l, Z+_fjr-i.r¡-
<¡d three blood sanr¡rlcs were dr.awn; at S, tS,and 2.1 hr after the infusion *u.s,t"rt*A.
.{cirlifìed and filtcrcrl urine antl ,..u *,r.lii..(4) rvele anltlyzetl rll a Ilccknrun_Spi,l.,,-l,n-
ino ac.id anal¡,2p¡ l.ry the nethod lf Sì,".i"nral, Steirr, allcl If rnrc (5) for n.,,tr.i 

",,¿acidic anliuo acirJ-s.,,Z_T,hienylalarrine isclearly sr:¡tar.atcd fr<lm ¡ihen¡,lalairine Lrv tlri,
method, appearin¡g o, u-¡.,.nk L,ei.rre tr_iusil..
1'rvent¡r-f1¡1¡¡-11¡1¡¡ ercr.etiorr lnrl .iu,.,,lu,,l
clealances rverc calr;ulatccl.

./l¿sr¿/1.r. llhc 24-hr excretion antl c I eara nceof tt,ro.sillc, ¡rlrcn_r,lalanine. ¡¡trrl /ì-2-thicnvl-
alaninr¡ are shou'r'r ill f'able T r\ll nlo¡lke-t's
incrta-scd tht ir ercretion of bt,,l h phen-r'lala-
¡li¡re alrrl t-rrrosine tvherl rcr:r:iv ín¡4 fi-2. thicn¡ l-al;rninc. Thr:rc rva-s a nlirrl<r:rl v;trialion in cx-cretion tif thest: ¿l l)1 ino acirls 1¡ onr I no¡l ìtt yto nronkcy ì,'ut. the il;crr:ase i¡i r:xr:r.e.tir¡n oI
¡lltrn¡,lalalanilre' a nr.l

.ììach lntrllirì)' \1,us strap¡rr:rì
r¡lctabrllic ch¡ir a¡rd n,htiu iul
n'lrs rc,q:tinerl a colltrol urine
obrliletl.'I'he arli¡ral u.as inf

into a rltecial
lctinriciousncss
.spc'cinren 11'¿5

ust-.rj rvith 200 ft¡serrl rvith ß"2-Lh
[.yrosilrt: rvhilst ìleiiig irr_

ierrvlala¡rinc ás u,ell rìs

l'ublic ïlcalth Scrlicc Inlcnlatir¡rral P

rI'l rÍs irrvcstigatrun ur;rs srt¡t¡rortcd ! l,- Pìlcn.r'il¡la¡li¡r
Cor¡rorati,rrr, Ja¡xr

irr ¡t;rrt llt'n
osldr¡ctoral Rc.
antl b¡'(ìrirrrt

e u'as ¡rur.chlsctl f roln Â jinornolo
,rscurch ]ìr:lìou.:hi¡r (lìO 5 ,I\\: t.l0_5)

Ll Ii-00.ì.1I.
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(' iil¡ltìo!' (rr itlr tlrr, (,\rel)ti(¡[ ,,f

foll)(rl ì\Irr.¡r givt.rr tlr
julls u\l,rùssr,d irs :L r;r,fir¡ l'r;:. r,rrclr ilr,lir irlrr

lÌ¡li r.'irr'¡r it I Llrjr,¡rrl.rl;rrrilr,, \\
ulr¡¡Llicr' (lìrlr,.L,t. rt,rlrrlilr- irlrliri,llrl rlr,';rtlt ¡tl¡ lr¡;{ sig.rri lilrr rr t l.r r r.,lrr¡¡,rI rt¡s¡t i,l iirrr.

I r ilti' tinits,
'l'hc.se clrlctrlltr'rl ;rr¡r:rq .¡r.^ .1,¿.,,,,, :.. ¡ra L,I uhrrt' rir^ .rcr',,rìi;,,r';ii.,,,"';,i",,,,.1"r.,lJij,i

nine -in nl()nkc).s lcrl plle¡rt.lrl,,,,i,,; ì.',,;;"'
I)trc(i \ritiì ihc ¡¡tclrrr at-).;or[)ti()t¡ \vhetì Ílivcn
¡rh.r'rrrùrl;rninc I)lu:i circh s),nthetic *.ri,,,,
aci<1. Thc ¡rherrylrtl;urirre lìrstrrpticn ì" ;ìì,,irl"I i.s the nìeirn of t*..1 r,x¡rt,ririrerrt.s on e¿tchaninì.ll rvith I ?50 rrrr1,,.kg clusc,.,\ìl tit...
¡rhen-t'lllnnitre ant¿tlj()ntsts r(r(1il(:c l)ltCuyl_¿rlunint' ab.st¡rPtion. \\.hen ._vcloicuJi,re'i.
arltlt,rl, the nrean airsorpt.ion ;r rig,riii;i,,ttv
lr..¡ir'er. ¿rnd lvhen parzLclrlu,opl,.xvlilo;i;; i;
:ldjl.,l^i, orìlv irr)t)ro¿rches sijlnific;,,i.;- ¿t _<
0 .l). 'flìc .r,uli;rtiorì in intt.sti¡ral rrbsor¡ltián of
¡rhen¡'lalanine by jncìiviclual monfefs is
slrc,u'n b1. Iine l. .l.he 

alrsor¡rtion of pienvl_
alanine rvhen t¡oth phenylalanine an¿'intriii.
tor írre.given.ì.s ctlnrpared in Iines 5, O, 

"nJ-ZItrr errch indivirlu:tl tnonlie),. In e,rcll case

:ì:"f, Ìron kcy 
.lì 

5 6 ¿¡iven B_Z -th ien_yt:ri";ì;;;
th0 villue of this riìtio is les; thän unitvin,lica.ting thrt thtr auiinr :rritl n,.r,,iull,ì.'r.'.1
(lUce-s illtcstinlrl ¡¡[¡51;rnrir,,. !r-..-.-- , !!.
\yi.v tle r.ecnrt:titrr¡ 

"i,,firrìir,1,,"i' :il:i.:li;lrnrl espcci:rìlr. .so i¡r lllr t:¿rsr, ,,t fr,rr,,.l,ìì,,,,
¡ihcn_r'lallninc (y' <.001 )

, .5_cruln tr1' þtrt !/tttt. .\:: pl.r:i.iotislji l.clrot.t¡.Ì(l
( l.ì) the. phenr*l:rìrtuinc Io¡rtl l,,rr,rr,.t-'.r.,ui,,
Ir\'l)t(ìl)lì:ut lt r.cl-s. r\ftt.r.,1 lrr, tlrc r.r,i,tnffr,,n
ìt"'t'ls :;tttrtt,tì trr ¡iç¡. :tlt,tiu .r:ì :ilì(,\vn i,, f,.i*. j\\'h.'lr. tht. s_r,lrlht,tic llrrrin,, ;tt irl w.lrs 

"ìii,i,ìistlrctl in lrrlrìiliorr, tìre trl.pto¡.rìrnn fcll :,gl,in

rvitli tlre slriìc lcr-.o\.r,r.1,:rii,,r -l lrr. Irr .l
iI iirc t'¡rii of sr.r'um trr.¡rtolrhrrrr ((.r1,¡,,..s,
iht' trrca lrcttvr:r,¡t tlrc cLu,¡(r ;rilrl lr;r.,r.
itrl lllr. l-rril .l l',.,'. .1........ /¡ )'r.r.I ¡'' Lr.,rlrr"r- /)_j I ltIt¡).1;tl;.
frLilr,rl to l)rl¡l¡-¡1.,, rr ..igrritìt:rtrrlìi rÌiit.crr,¡rt
nì sIrunì tr¡,1rto¡rlrirrr Cr){nl)ttlc(l w if lr ¡rlrr;tliurint: ¿tlorìrÌ lrnt. lrotìr r;r.r.lrrl,,rr, t,r,,
¡r:rrirclrl,rrolilrr.rr_rlrrl;rnir¡r, rlirl. \\'lrt.n
I)res:ic.(l ¡[s ri t.íìtio to ¿tll()w for.inrìivi
\'íìl i:ttion, I )ilt¿rchl(,r.ol)lì(,n)/litl;.t¡it.ì(ì 
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l,j.l7 l¡¡lLrtr irr11 [otrr ol.lrl Jlrrls lI ¡:Ie tr_,, l;rl tni;i,
;rnl:rgurri.rl: (lotlll.ol lr¡.ril \,,iL.j phrit¡ylitl;lnin(.r
lr¡r/1.:ilr¡. 1,.:r,:h oI thc .J ollrr,r- 1,,,r,1r,.,,nt,,i,,,.,1 

1,1,,..ll:rrrirrr', 750 rrrrz,li¡; ¡rlLr.t eit h,,r ¡l .tlrir,n,vl.r Lu,
1,S7,:i rrr¡1,zliq; r-r't'lolt:urirrr., il,l.ì ¡¡:/lil,; ,,r 
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IJlr;. 2. l,¡ll in st,runr lr-r¡rlo¡th:rri ill lrronkcv lìZ?follorling forrr oml lorrcls ¡;I Illlr]n-r.lel¡ni¡c * r,rr,*,,r-
r;ist as rlcscr. jl>cl unrlcr Fig. l.

. .\ct ttnt lr.t'tt.¡ittt. ''['hi.s 1.;rs tìlc:ls¡t.(,rl citlìr,r
lr_r' tht' rrcthrrrl oI 1\brrg t,t ol. (f ,f ¡ ,rr- itv
ltrì)i¡ìo irci(l íìrìirl\.zct...l.lrl risc 1,'l u..,í,,, ir,,ï
.cillr, r¡t.r't' tl llr u.;rs .snìítll l)ul. c.,,rrisl,.llt.- -,\l_tltolllll tìrt' .s_r'¡¡1111,1 j¡ ¿ìnlino ítci(ls ¡rr,,,1,,a.,ì'n
I rcrtrl [rrr slorlcr ¡ isc ilr t-t.l.osi¡lc tllis rr.¿rs nr¡t
si.rt¡rilìr'alt I u.itll rlrv arraloguc. f 

.1...] 
,1,,t,l. ur"

,qr; l

lìot IÌ-escnterì but
al¡thors. 

al.c avililal)le from tlre

[Jrinarl'orrtirto aci
tiolr of Phell_r,lalani¡re
Ioad i.s shoryn in Tab
e.rcrr:tíon i.s lc.ss ì\.lre
acid ís concurrently
cxcüi)tl()n : p_2_f hicrrv
llcv Iì(rr ¡rr.o.'notes gr.
\va-s the ol)l_v íìt:ilance in rvhich intc.s(ilral ab_.corl)tíorì of ¡rhenylalanirre q,as r;;;i;;'ì;;",,s¡'rrttretic a,rìi,,., ircírl,,,,... g;ìì.,i' ?ì.ì' r:,,,,1.I ). 't'¡i-s confinr).s rt,. i,rlii.r.;n,ì 'ri"i",lr.
rcasolì for the Jorver urinary excrciion 

'of
¡rhcn¡'laìanine ilr the Ìlrescncc of arralogrrr:.s í.srrrc l'rr cr atrs0r¡rríorr f;onr irr;l;(ì,;iì;i;.",',,'
. Discustiot¡. ,l.he 

I.esult.s sbown incìic.,rtc tbatboth r:_vt:lolcrcinc a'tl ¡,,,.n.t,t,,,,fri.'ì,;ì.l...l,,nine at e potent inhibit ,, "',,f i,rf .,.i;,r';T',;;;;rntior of phe_n¡,lalanine, as is ¡l_Z_tnirivllal-a¡jne but tt¡ a le.sscr extelrt. fn. nn¿i,,,1'ih.tthis conrpound aìso inìriLits i;;; 
"kì;;,,

trans¡rort -s)'.stem aglrín rlcnronstr;ltqs lh; ;;;l-
llïlrr, of trans¡it,r.t s¡.sterns in thesc tn.o tis-sue5.

.. 
Plrr¡r.hloro¡rhcn1.l;rlirnillc r:rr¡st,rl ¿r nlarkerì

:1ì. rtr .plasntn lrlrcrr-vLrl;mínc jn tu,o orrf oftrtr'¡r:r lrcllls rvho lt:t:t.i\.t:rl il ,r¡¡ a chrlr,ni,__ll:lsis /lli). 'I'hcr.c \\,iìs íuì ilririrrl f,Lii ;,; ;;i,;,¡lra plrcll_r'l;lìallilrc in lu,o 
.of f t,,, t,,,.,, ¡,rìifnir,ltttt lro ¡rcr¡tt, sturìics on illtt,.çti¡i;rl llrsrrrt,liolt

tt't'r'C 
1 
rt't írtlnlcrl. l'1.t,.¡lll"lrl_v thc ..lcr.,r ti,1,l,,rf
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'Il¿telt I¡rolrìit'r c.tctlt('s ltss ¡tlrt'tLr-l;rllu¡lltt's'ìrr,rr tìrt .i.rlrtllr,tic :¡rrtilro lrr:i,l iì (,o'rlrtr''rtl,l
rninistrrr'¡l rtilìr tìrc'c\ct'[)ti(,ìì rri lìl(i rrlrt,rr ¡Jivrtr ¡,1,:i tlri,.rr¡l;tlrr¡¡ir,t,.

was (lue to inhiltitio¡t oi phen-r.lalanine hy.
dro,r1'lase. l'arachìoro¡'rhen,r'lal¿rnine has br:en
found to lie a ¡totcnt inhibitr¡r of rat phenyl-
aìrtrri¡re ìrl'tlro-tylrtse it¡ i¡i'c,o (S, 1,1) althrltì,,{h
ii poor inlrilritor itt t'iiro (16\,

\\'eitznran cl ¿1. (17) al-io ¿Lrll¡inistcrr:rl
pirnrchlorr)phen-vlaltririrre intra¡rr.r ituneiiily tt'l
rììorìke,\'s (1,Iar ur,'n ttttltlta) lrtrt onll, ltrcu-
sttred slt'elr r¡;ll tel ns rrrrl lrr;rin cprrll(ìnirì
Jlorrret tt tl . (18) perfornretl ¿r sinrilar st rrrlr.
in the rat. L. niortrrnrrtt:l). neitlìc'r p¿rl)er cite.'j
riatl fronr u'liich al)sorl)ti()n cil¡rr¿tctt,rì:rlìt.s
cxn l)e cìeriVcrl.

('r-clolcucine h;r:l lJ(,en slrrlrvn tt'¡ lrc;rrr
inhibitor ()[ itrììilt() [rerr:;port iuto the Ì,)hrlich
cell try'Oxcrrrlel anrl ('hristt'ns(:11 (l(r) irf[e(.1 .

jnq [roth lheir ¡tosttrìaterl s.r'.ilt'rns [ol. rreutr.al
anlino acicl translrurt. [ìrr¡r,;n (9) slrotvt-.rl
thrrt cy'clolt,rrcìnc arlrnirristlatiorr nrarl<t'rllv in-
i'reasetl hr¡nlan rrrinaty crcretion of ct'steirre,
crnittrine, l1'sine, rrginine, t¿rurine. threoninc,
st ri¡rt_.. v¡line. l_yrosiue, and histirìine. Iìronrn
rìirl not specilìcall¡' rlcntion phenylalanine
lrrrt the tìgurc iu the tcxt indicates that its
c:icretion is increast'tl. Clol'er (20) found a
rrinrilar aulinoaciduria in rats injected rvith
c-r'clolerrcine intraperitonealll' ¡n çhich rrr-
irrar¡' ¡rhcn1'lalanine excretion wa-s delrnitely
elevatecl.'I'hrrs there is arìditional eviclenct:
that cvt:ìoler¡cine inhibits transport of ¡rhenyl-
,'i,,,i,,.. i,, l,..rl. :..¡...r:.,,r .-.-r ---- r .:(¡¡,rr¡rr¡\ ¡lr (/rrt rr ¡rttL.ìtltt!tl (tilil l UIt,l,t l l55l-tú).

Tiler.ated ¡rìasmlr ¡rhenylalanine is linoln to
be associirtccl wíth lorvcrcrl ¡rlasnra tr,r'pto-
philn levt'ls (1.3) Phenl'lalanine inhibits
tritrrs¡rurl of trl'ptollhtn in thc intestine (Z l )
;rirtl ¿rL tirc lllortri brein htrrrier ( l3). '.1'he

rìlore severe alr(l Iìrolorìr{e(ì rìelrre._ssion of
¡ila.snrt tr_t [rtolih¿rn Ilv Ixrnrt:ìrlrrro¡rht:n,vìullL-
¡ti¡lc' is of intt rc,it its tlris ( ()utl)oun(l i¡rhilrits

trr'ptoplrlrn lrvrlror¡ ltrsc (lì 22. 2.j )
actirin in the br¡ìn Jtrs lre¡'n colìsirlrì
thr: cattse oI tlril lotvr:rrcl llr;rill :,¡roto
2.1 -26). '['hr:sr' lou' lcvcl-s rrl tr_r'¡'rlr.r¡.rh

rc¡l ci¡ticern rvìien c:on¡irlerìnr1 lìtr: rrsr
¡r'ntlrr,tic ;rnrino lrci'ls irS ;t rrìrrrlr.'
nrlnl iri plrcn.r lìietrrrirriia. r\ltliirrrllh ti
:;hort's tJuri tht ;rn¿t!()l{ìi('ì rl,.r'lt;r.t,
snrnl iot rtf ¡rlr4rt,t,ì¡11¿¡¡¡i11r., i\-¡ri¡i ;-1rr

(27), h;rvr: slron'r th¡[ r:crt.Lr;rl Ir_r

rlt'lìr-'icnr:v ntÍì)' l)c tllc ntr:t:hluti:;nr
bnrirr ci¿r nurqc ot.cirrs l ith (.lt'r.;rtr:,

¡i[tt'rrlliiìirnirrt:. l:'rrrthr-r I't,rlrr. tiorr oI
lr_r'¡rlo¡rlian lrr,' tlre lrclnlini;tr;rLiiol¡
f'-Tr)th('ti(ì tLruìrro ;rt:irls rrxr¡' cvr,rr irrr

¡rlr'tc f he lrr¿rirr of trypliofllnrl Su( lì
ing rif r:t.rcllr¡rì tr-y¡rtrr¡llr;rn .(.(.rì:i .

rrr)rìsl)c( ilìc ¡rlrt,norrrelron in tìr;L[ ¿L lttL

aurino ¡'rr:irls rçhcn clcr.att'rl in ¡rìl.nr;
thc brain frec tr'1'ptrl¡tlrrn (28). Suci
inu lr_1' lrrarì( h('(l t:lr;rirr ¿rnrilro ¿rcirli
can occur it,itlior¡t lorr-erirr;1 oI lllir;n
(13).11'hrrs tlrc ¡ro, ribltr dctrinlcntal l
tht,se svrrlllctÍc tnlino acirìs can rrnll
scsse(l [)y tlrcir ¡rlolongerl or¿Ll a<lntin
- -this is culrentl¡' lteing unrìert;rltcr
la bora tor¡'.

Sunmary. fJ-2-'i'hicn-r.LLlanine, (

cine, an(l parachlorr)J)hen1'lzrlitnine hlr
.shoryn to acrrtrlr. r'crluct' intr:stinrtl ;tl,
,,f ,,,-..1 ,.r.......r..1...:-- r IrrL(rr lrl¡çrr-\ t.rl(rtililC tt.)¡tU. \ |

u'ith ¡thr.ny'lal;rnirre , thcy rcrlrrc,: ¡rhsr
to¡rlltn lcvclli r¡rorc thlrn ¡rìrr.rr1,ìlLllrrirr

\\'hcther their onrl arlrnini..tr¡rtí
bt: ol lrcrrr.lìt irr ¿Lllowing a nrore lilrrr.rr
plrerr.i'lkc:tont¡r ir: clrilrli-t:ir rr'r¡riire's n
vrs t ir;l t io n.

'l l¡r: ¡rrrth,n,, llr:rnl, Ji r,)rr(. I fr¡r.1,r,,.1.,
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IDHENIYIKE'I'ONURIA; lÌlÌDf.JC'rION ()],' SERUM LEVIJI,S OF'

PIIEN\a{,.{[,./t NINE I,'OL[,OWING ORAL ÂDMINISTR/\']'tON
OF- [I-2'I'IIIENYI,AI,ANINE

C,{R(}[, KIllPSr ¿rnd D. R. LINflS,
F'rorn the llepcrrtnterú ol Pueditttrics, Uttittcrsi.ty ol Adelaid.e

SYNOPSÍS

I tneltlall',, retarcle¡i lttrt olhelwisc lrcnlthy phcnvlketonur ic: individuals wcre given two orrrl
loLrds of lrhcnylalirrrine (100 nrgrn/K-q). Onc of these loads was acconl[.ranir:d by ¡r-Z-
thienylnlnnirre (20 orgnriKg), lìlootl lcvels of pheuylalanine jn ¡lre 6l¡ouis afier fhc iwo
irhen¡'lnllrnine lorrls rverc cunrplrr-rl. p-2-thicnylirlanine re<luced thc lcvcls of plienylalrrrrint:
ln evcry case.

lhis. suggcs_ts thut if the phenylketontuic ctriltl were to take an nppropliate amount of
p-2-thicnylllanine rvith meills. he nri¡rht bo ahle to eat more phenylalaninõ, anj this wotrltl
allorv ¿r consir.lerably rnole libcral rJiet,

As tliet l.t¡s beell show¡l to trc a donrinaut factor in the emotional climate of familics ol:
phtlnylkctonruic .childlen, this stress rvoultl bc considerably reclucccl. Thus, the ¿ulnrinjs-
tration of ¡:-2-thienvlrlanine rnight l¡:acl to Íì nrore uolural sociul develoornent'of the naticnt.

'l'rcatmcnt of phenylketonuria by restrictiug
thr: amount r;i' phenylalalline ilì the cliet is
gcrrcrally considcred to bo successful in
pl'eventing or íìrr€rìtiug brairr clamilge (Bt)rrìlan
et nl., 1966, 1967; I"Iucilir-tn et cl., lf)70; Kocir
ct al., l97O). Ho$,eVr)l', such a dict is vcry
lcstrictive ¡ìnd a dorn inirnt f actor in thc
entotiorlal clirnatc of the påìtient's family
(Keleskc et ul., l9ô7; Wood et al., 1,967),
Thus, an allcrnativr: ntod!ì of treatment would
bc <lcsirablc.

Sr¡ch an altornative nìodc ol therapy was
suggcstcd by thi: cliscoi'cry that the synthelic
arììino acid P-2.-thicnylrleninc (ß-2-t) pro-
nrotccl thc rr:rral excreliotl lmr! inhibitecl thc
intçstinal irbsolption rrt phcnylalanine in
Iìhcsus nrorrkc¡,s loadcrl with phenylalaninc
(i.irrcs ¿t¡rti rù'aisrnan, Í97ûa, i97ûb).

l-hc Rhc-sus trtonki:-1, loaclL¡ql rvith phenylu-
lanine: is cliflerrc'lrt lllorrr tlre phenylkctanuric
patient in that the ntonhey still hrs phenyla-
lanine hycil:oxyi¿ìs11, and P-2-t has been rcportctl
to inhibit this cnzynre (l.Jderrtric:nd ancl Coopcr.,

Iìcceivcd 1-ì June-, 19'/2
J. N4cdical Student,
2, Se¡ior l-ecturer.

1952). Thus this model is not enti_rcly suitable
for assessing the value of this cotnpound in
irhcnylkctonuria, nor is there any ex¡retimental
anirnal suflering from a total lack of ollectivc
¡rhenylalanine hydl oxylasc, [br these reasons
it was deciclc(l to ¿ìssess the effect cfi ll-2-t on

the intostinal absorption oI phenylalanine in
pherrvlkcrtrlnrlric pntir-rnts wlìo were not cln diet.

MATEIIIÂL$ AND NÍNIIIODS
't'he ti subjects wcre all ntentally retardßd

phenylketonuric patients rvho \r/ere othertvise
healthy ancl orl an unrcstricted diet,

On 2 c<¡nsecutive days thcy were fastccl for
[Ì hours heforo the expcriment, Thlouglrt'rut
thc cxperirncnt the"v reccived no food but were
¿rlkrrvcd wâtcr with cordial flavou¡.ing ¿trì

rr'r¡,,iro¡l

Altcl a cotrtrol trlotrd sarnple was collecltcd,
thc subject wirs givcn a loacl o[ I-phenylalaninc
lO0rng/kg, with or without 20mg/Kg of {}-2-t.'fhis was djssolvetl irr arr orangç cortliai drink
¿rs ¿¡ solution of 20 nrg of phcrrylalanine pcr rnl.
¡rncl taken orally. liïrther bloocl sanrples wcrc
taken nt 7, lt,2,4 anci 6 hours nfter jngesiion

of the loacl"
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p-2-t was shown not to intcrfere with the

. A quantitative value for the elcvation ot
phcnylalaninc abovc fasting levcls was obtained

Figure I. Seruur phcnyl:rlalrine levels followlng onrllond of phcnytatàninó ( 100 mglkg) i" 
- 
nüifinlr*-

úonuric patienfs.
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'fÁ,üLE I
Abs<-rrption of Plrerlylal..nirre Affcr oral Loait of.PhenyLtlaninr: 100 rrrg/k¡¡ with antlWithout ¡r-2-Thicrrvlalaniiic 

"'- " ' "Þ"

,{rca (nrhltrnry unifs)
AB

Srr bject Age Phenylalanìne
I00 rngnr/kß

Phenylalanine
100 mgnr,/kg r-

p-2-1' 20 nr¡¡nr/kg

Ðiffer'¿rrce
A- TI

Percen I age
lledur:tion
in at't:lrAA

AW
CM
CC
R¡\
w.r
FH
AW
Mcan
S,D.

6Cì6.2_5

794..5

803.5
7 A3.25
3 50.25
3ó2.5
691.25
395.5
_s88.3 5

!.i2.82

-s37.-5

236.5
445.7 5

395,5
2.25.0
117

375.5
230
320.34

-r-21.50

6().15
558.00
351.75
403.7 5
12s.25
245.5
31s.7 s
t 65..t
279.'18
f 57.56

lr.0t
70.23
44.5

57.4

35.76
67.72
45.67
4t.Ít4
47.5s

l3
l9
17

l8
22
l¡6
4.)
39

B(r\ p=0.00t, r-5.3.13

. E.levation of scntm phenylulanine following an oral
l:nd , gl pherrytatanin'e tliro nräfuei"-ü'"&ält_*¿ln ¿rrl)rtriu'y uni!s as the ¿rrea rrnt'icr'í'he ,u.ua'iîura

base-Lrle_.Þhenylalanine levels as shown in Figure l.Thc irdctition of o_2-thienyi.i;fi; i20',ì,äri/ ieiconstilnrly antl sigirificantly reduced ìf,i, Ëiîuåiio,,
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variable, with. a range of ll.0%, to 7\,3ol, antl
a rìre¿rn reduciion of. 47.5o/o (S.D. 9,78% ).

DrscUssloN
'I'hc rcsults show that for 6 hours at lcast,

B-2-thicnyiaiarrine (il-2-t) riepresses thc levcl
of serum phenylalaninc after alr oral load in
phcnylkctonuric patients, the avorage depres-
sion bcing 47.5%.

I-rinnerblacl ( l9-51 ) has shown that the
a'vela¡]c time for material to reach thc ilecl-
clrecal valve, aftcr ingestion, is 178 nrinutes.
with rr shorter period lor infants and children,
-fhis suggests that itr nost c¿rses the phcnyla-
lanine takcn wilh p-2-t wot¡ld lr¿rve passed tltc
absorptive surface by 6 htiurs ancl be uuavail-
irble for absorption. Hence oue wotlld not
cxpect a late rise in scrtttrt phenylalaninc if
Íl-2-t was merely clelaying phenylalanine
absorption from the smi¡ll intestine. Likewise,
if P-z-t reduced the scrum phenylalanine levcl
by plornoting the rcnaÌ cxcrotioil ol phen.yla-

laninc, a delayed rise of sclu¡u phetlylalaninc
r,l,ould not occur. It might thcreforc be
possible for a phenylkctonltric patient to ittgc't
twicc the usual anlount of phenylalaninc
acconrpanied by p-Z-t withot¡t elevatiug thc
lcvel of plasnta phetrylalaninc. This woulcl
cnable ¿r muclr nrorc libcral diet and llült(Ìo
lt:licvr: lnany of the tcrlsiotts cut'relttly ¿rssociatecl

with thc nratìirgcntclì1. ol this disi:ase ,

/ì-2-t is abst¡r'hecl whçn takcn orally (l.incs
irrrcl Waismart, 1970tr) rvhiclt has potential
irrivirntugcs ancl tìis¿iiiv¿tn'riigcs.'l-hc aclvantagc

is that it is ìar¡¡cly cxcrctcd by the kiclney
rvhcre it prontotcs thc cxc¡ e tion ol phcnyla-
lirrrirrc (l.itrcs an<l Waistnan, 1970a), helping
to rcclucc scrunt phcnylalaninc. 'I'hc clis'

l¡dvarltagc associlttutl with tlte ;tbsorption ot

iJ-2-L is the possible r:lì'cct on tryptopltan
nretabolisrn lt has been strg.gested that tlrc
clcvatecl plasiitit ¡rhcirylalanitrc in phcnvlkc-
iorruria inhiirits thc pirssagi:' tll tryiophait intti
lllc iirain ce-lls iherr:br causirr¡t danta,qc 1o

tlrose ct:l!s I Aot'i ¿lncl Sicscl, 1970 ). ¿rncl

/i-l-f. iir thc pìa:;nut cotritl possihly havc a

sinlili'rl cfì'ect, hr act¡ic t:xpt:rinrt:ttts. lhe or¿l!

¿rchlrirristl'ttir,ln ot' p-21-t dor:s not lorvr:r plasrnit
tr¡,ptophan in rrirrnkeys (l-incs ancl Waisntan,

1970b). However, the eftect of B-2-t ott
intracellular tryptophan is not known, 'Ihe
rolo of a deficiency of intracollular tryptophan
in causin¡; brain danrage in phenylketonuria is

spcculative, but it is generallv acceptccl that a

reduction in thc icr,ei ol ¡rlasma phenyiaianinc
prevents blain damagc. Thus this motle ol.

treatnrent of phcnylketonuria, which lowcls
plaslna phenylalaninc, v/áìrrants ftlrthcr
investigatir:ln,

SUMMARY

Ê-2-thienvlalanine adrlriniste red siniulta-
neously with phenylnlaninl; lo phcnylkctonuric
individuals srrbstantially rcrJttcecl thc ttst¡al risc
in serrrm pherrylalaninc, 'Il¡us llris compouncl
nright be taken with meals of a mors ncarly
nÐlmal phenylalanirrc contclìt witholrt the
plasma phenylalaninc reaching clangerorts

lcvcls in pat¡ents suflelirrg phenyiketonuria.
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I'g pt'r lr' \\rltctt ¡ltt'st'rtt. tlrc liLtc oI itrIusiorr oI thc j¡rìrilritor \!'irs l.i]ll rrr¡1 ¡rrr kr¡ pcr lr.
.\l[,'r I lt thc strpritpul)ic:-('ríir)rì rrus ltru:iserl tr¡ c¡nlll.r,tlrr: bl¡trltlrr ¿urtl tlrr: rrr.ir,..rlisc]¿r,cl,,rl, ¿
;rtrr'¡rla-stic llottlc lleirtg ìtscd for tlrc 6 h collr.'ction. A vt:nous l>loo<l sirr¡¡rl¿, \\,.rs clrù\r.n at tírís
ti¡rtt" iurtl ¿t 1¿rrrcl 7 h, -\t ? h tllr cxDllinrent \\'Írs couclrr(ìccl.'l-lnoìrglrorrl tìrr.t.¡l¡.cti6rr
¡rt'rittrì thc rrrt,nkt'r. las strlp¡rc<ì in t sltt,ciirl lnet¡lrolic cltair.(\\¡tislrrurr, lf)fi..l).

.\ll serir ittlcl il(i(lilicil filt¿'rt'rl trrirrLr \\'or(] ¿urûllzr'(l in a llrckrrrurr-spirrco ur¡ri¡u¡ itt,irl
irrìitl\;l\'r [r¡ tlit:;rtt:tltocl ol S¡ltt-'knrltr, Steirr and \lr)ol'c (lg5fl). Irrrrliu..r,r.rs r¡c¡srrrt,rl l:;, ¡!¡1¡
¡¡rctìroc[ of l(oe, l',¡rstt'irr lrrrl Ooltlstcirr (19.19). l,'rr¡ru thcse r[ata, filtcrt'rl hracls arrl trrl'rlrr¡
l(',ìl)\t)lDtioìì of pllcu¡lalrlrrirrt'rtcrt'caltrrl¿rte<l lr-r st¿ur<larcl rrrctlrorls. Iicc¿rust,pf Ilr¡ i¡rrliyi,[¡irlrlti¡tirltl f¡trltt lt¡t¡llLot Irr tttolrkr'-',', tlrt'rirriorrs il,,r,tr,,t,',s rr.crt,r,alc,rrlltc<l rrs ir r.¿tti¡ flr.r,ir.lrItltirtlltl ( i.c. ¡rh.'rlrlitlrt¡rilre ¡rltrs irrlriìrittrr:phc.nllirlarriuc itlrnt,). 'flrt:sc r¿rtit¡.s rrcrrr IlrL,rr
t.\l'¡(\\ù(l as:r logalitlrrrt:trrcl rLrlrjcctt'tl tu tlrc Strrrlt,nt "t" tr,st Ir¡r statir;tic¡l si¡lrrilir:lLrrrr,.

tì|];s[Jt,] S.

'l'lte rlttlst strilirrg rt'sttlt is tltc irrc'rc'rrsc iu ¡¡lonrt,r'rrìitr filtrltir¡u rirtr:, rs slr¡¡,¡ lr-r.irrrrlirr
cl('iìr,uì('r'in'l'¿rìrlo I.'ì'lr,.filtc¡etl lt¡urì, err.rt,tirlrr iurrl trrlrrrllr r.cal¡sr)rDtiorì o[ ¡rlu,rrrlrrllrrirrt,clittit iLre sltorvlr irr l ¿rLle 2, Tlic por.r.r'rrll¡lt r{,{ìì-ìsorptrorr lll, tiru rt,nnì tlrl¡ul,., is urr:rllt,r,t,-.rl l,r
tllt':rrlclititrlt of crr'lult'trcinc or ¡llutchloro¡rlrt'rrvlrrl.rrrile. ¿rs.sho\\,rì i¡l'ì'trl¡lr:2.

-f^ ltLri l.
EJlt'tt r',t i,t't!it <!rtt:t¡tt1, 1:.f' r!tL' ti¿,i!iti,;;¡.rf- t.i.tltiltirii.tit ,t,ri prttnt.itiot.r,¡tìtttr¡,iiriuttirtt,

to a pltett.t'lnluni na inlir.ttorr.
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'llrc ¿rrhlitirrrr (ìl c),1(.ìlcll,_inc rìt pi.uuclrlorullll._,¡rj.l;tl;r¡linc i¡,.:r..lics !tlrrltrtt,l;rr lillrltiorr l;r¡csr¡:rritìc.trrlly (rr ... l) l irr lrotlr clsr's).

ì )ls(jt rssl( ) \
'1'lle itlcreilst'tl gl()tttùttllitr liltrirtirrrr rltr'c'irrrsi,<[ lrv tlrr,¡r<l<litiorr r'[ [lrr, ¿¡ritìolj¡(,s (,!.(.lo-

It'trt:illc arrcl llirrac'lrlorrl¡rltcurlllitrrinr'is of inLelt'st..SLrch n risc ìr¿rs preriorrsl-r,lree¡ nr¡t.<l i,r
clogs. l)itts (t9'1'l) forrncl tlt¡t in[tr.srcl gl-rc'irrc íncrt'i¡sctl glorrrcrulirr.filtìati,^, r'lri¡: [,irr<llrt.irr*.r.,
L¿thr¡tt' arr<l Lt'r'irrskr' (l9{t7) sli<rrrt'cl tlrirt ft,ctlirrg 200 g of cirst'in (f¡r,c 6f elc.tr¡l1 tcs)
ctlrrsistetitl¡' elcr¡rtett irtLtlil¡ r¡r cre¿rtininc <'lclrlnrrce, ts clrtl Àfoustgar<l (lb,fS). ,\¡rrrstgr,r<l alsrr
irlfus¿cl a cascin lt¡'<lrrtl'slrtu irrto dogs ¡rrrtì forrrr<l n 50-(i07 i,,crcaì" in gl,r,rr,,rul,rr filtr¿lie¡.It is tertl¡ltirrt ttl litrgtlt'st tlrat tlrc iucrr'lrctl t.'vrt'liclrr r¡f;llrrirro ir¡,i,l f1,,1¡,¡! 

'rL,..i{)Ll.:1.,$itll c'.r.clolerrcirrt'(llrtrrrrt, l1)67; (ìolt'r'¿l a/., tstt;u¡ or otlrrr syrrtlrr.tic urrrirr, acitl:i (l,irr.s
ìrrcl \\'iri.slrt¿rtr,1970u) is tltre to thc irl.rr'.rsctì Iilterccl l.irrì of trrrirro iic.irì srrrllirrsir,¡1 tlr.rnitrinrll tulrulirr rclbsorlttirr: cl¡rai:it¡. ¿rs slton rr irr .l'irlrle 2. Ilo11crcr., it ¡ru¡ lrc slcrr tl¡¿t
clcspilt'tltc irtcrt'irsecl [iltr'¡ctl Lr.tcì, t'rcLctiorr is rrt¡t sicuifir,¡rtlr.irrcrc.¿rsr,<l ¡n¡l irr fuc,l is rr.rlrrr:r.rl

t. lr" tìtI tltcth¡¡tistlt irl.',r:l'.r'rì ['rrr llri' iiri¡irir:u.irluri,r ¡iri.ririrril¡ tIt.scril:t,rì rrill, t,).t.¡.1, Lrt,iì,¿,.
l)tlcs tl¡i' illlì¡lì(,ili itlt,t i,t 1,rt r i,r.slr :t't ¡ il,t'rl t. r'\ t lr¡ìr,rrt.irr. irlso it¡r¡r1,, 1,, ¡í1,,,,,¡ ìrrl;,rrirrr.l()ir'rtlt'r :tiltl (lltrislr.r¡.,,rr i l9(ili) f{nnì(l tlr:rt rrr.it,ìr.rr,.inr. i¡¡lrilrits t,,ì,,r¡,,,,t irr tlt:. l,lll¡lit,lr



T.AB:-E 2"
Ì:.iì:'r! r¡/ ûit:111t;¡¡1 ott ¡ti¡¡¡¿.1.¡¡¡is¡,.n(, !.cab:;oÌ.,!i(ìtt it¡ li!e ritrol r!th!ti.'.

Ë;!,,,--.i

ioac'

?630

27CrÌ

2-í^
2.2,-
4.Aii

'/.

'-/

z

l'ircn¡ llritr :. ; nc aio rc

il c

Pl::nviaiai,.i;rc ¡lus c; cìcicu:i;:,: i
l'r lon ticv

* <c 2C

i:j:'.--, I

:7-5û

ii1î :

- -l/.n )

Fr ¡¡:,.,i

??. I

t2.7
-i{ì.ii
i_s;'

R ea¡scrbeü

çs.8 i

9t)'6 l

') .t' :
r)\).4 

l

I)i'lcn-l'l:: i¿r n : nc ¡ j 
L, q

raiac¡r ÌOr cill!-:l l:ii¡: ir.i
Ij*,'-... ., r-L \L .' j- i.l_;î.r:ii:-.j

{.li
rrlun
ì: -r >::j-',
i; -+ r !i'9.¡

l.-i5

')ç
Çt
)9
'))

9
I
9
r)

c)ù. ì _i6,13Í . :.3s tts
-i' ¡r .: C it.
Ti:c uddriirr¡. i,i c¿.. ..

lì¡. rna;.c3.\a i:., fiil¡ :rl ,,.;.
Clìla)¡,ìrr!ì -^r,l" !

,:---È.,!,---.,!..:iLi.\
c;t ic,!apll s.-j] ì;lln j lc.

. .l-.i.ci:c¡ i.-: :':s i :!::.:, 1¡.,¡
;"i", ,;-' .,,,:,,':.:;r';.;;ì,i-,;:.¡, tr.;t]l'li,.li:,,;1¡'¡-,,-=;\cij. 

Eí:ìnì ¡,t-;,;u,.r -r.,,;;1:) .:;-.r.iL,j-.\,"v¡. Kr,',r. :ì.r..'j:å; rc¿r_.-:;.r.,- rne is :l"l =-.¡rrij.¡,:-ii,. .l?,:,;""";i,.;ljr,:r:i:li;:i;¡1ir¡¡,



lrrrrrtll¡r c.ll irflt'ciiri¡1 irt¡tir. "l.Lrc'i¡rc'-Dr.f,'rririri'' nrrrl "¿ìliì¡lín(,-pr.r'lùuinl{" sr.slr,¡ìs f,r.r_,rrll¿ri
atttino ltci<ls Sirrce ¡rlrcrr¡lu!iruirtc ilscs tht,s. s\sl¿,ri,i. r,rq¡ 11,¡,¡¡16i.*1_."a,t 1il,",",lultr'i,. t,,,,rqr.,,liI I l¡tr irrltilritt'd lr1 1¡tlrtlt'trcirr. Lìrol'rt (lgri;) (li(l riot rrotc iì liìr.¡{o ii,(rr,¿rs(-ì in ¡rlrurr¡,lahrrirr.r'\cr(,tiorì irt rn¡¡rr, lltrt thc figLrr:t, irr thl.tr:rt i¡tlir.¡t¡s s,r,,t" i,,,,rc,,rsc rrlrlrr,.r..,i,rl",,i.i,r,,.r,,,.
lrrltllirtistt'lt'<1. (io!t'r ¿f û1. (l9(t9) fuLrrrrl lr r[r:lirritr,ilrt:rcrrsr,in i>lrr.irvlllarrirrl r.sr.rr,lirrrr *,Ir..t'rt l'rlcrtcillc' \ls .t¡itt'¡¡ tt¡ ¡¿tls. Ncillr"r ol tlrosr irr,,'r'stígirlrlrs lr(.ir:inr(,rl ¡¡lr¡rrr.rrr¡rr [iJlr;tlrrrrrltr' .rrrrì ilr.rrlr,Ilrt'c.rtrst ¡f tlì(,¿ulìin()ir(irlrrrirt tvirs not rlt,lr,r,ntiilr:iì.

Ìt ís ¡ltlssiìiìe tìtitt <rr'lr¡ìr'trtittt"s [;Lilrrrt'l.o irrlrilrit rt'rirl trrl,rrllrr ri.llr,,r¡ll¡lir,rr is ir r¡;.-r,,it.s
clillt'rt'rrct'¡>et'trlitr to tlt,'ltl<llllit'r. sirìo. il)ân ¿ìtt(l ¡iì.t tx(rt,!r-'r¡r(¡l-r'I)lrr.¡)\llrll¡llir,c. "l'iI,lri1tlrr,,
lrì('¿lll I rt:tt'll,llì ,rf ¡r'ltctrYl;rlltirirre litlt crclr,lcrrci¡re sìrourr i¡r 'J'ttlrle I su!í!Íc¡ls lli;Lt rr hi¡11*.r(l(¡'iil'," of t¡r-'L'll'trt'ir,t'l,lil) lìit\L l)ro(ìtr('e([ ¡:¡ inhil,itiorr rr[ ¡rhcrrvl.rlirrririr. rcalx¡r¡rtir¡, lrv tlr::lr l'iii ttll)lllo. l'ttt r't lls((l thr' 3lì(l lìlg/ì'l, <lt,sirgt, sLr¡1g,.¡le,l for c,,r,.,,, 

"1r,,,,¡,rthr.r.:r¡rr: 
arrrl

rr llicìi llrort'n ( tf)67 ) [trtLr¡<l t.ttrs.'cl uu lrnir,r,irc]i,1r,r'i,,. It i, ,,1r,, p,,.rril,l. tlr.rt tlr:. iu,rir,ir.
irt'iclttriir tl'iit ìlt' nllrl (ì.r t't t't ctl. ( ll)(;f)) frrrrrrrl \\'¿r5- (lrc to sti¡¡urlali'rr .I y;lorrrr,rrrl¿rr ¡lt,irli,,rrrirte nrlrl,rt rc',¿rl trrl¡.lirr t'rLrrs¡:r.r.t irrìrilritirirr as tìrc.1 su,rriscrì.
. 

'I Ill' I¡rilurtl rr[ ¡rrtttt ltl.to¡lttt'tt¡ litl,.rrirrc to ìrlor..l] ¡t'rrll tulrrrlar r.lirs¡r¡lti'rr ,f ¡rlr¡rr.yl¿tlltrrillt'ir tlisitlr¡rtrirttirrr'itt tiorr oI it.- rrcll ì.norvrr llrilit¡,to irrhilrit plr,.rrvllliulirrc rìr.l:ilrolisrìr
itt t ittt ( K0q' ¡1¡"1 \\'t is:r¡ritrr 1f)6li) rrri<l rrur rltrilonstrltion llrirlt it irrliíb;Ls intcstirr¿rl rrlrslr¡rtiorrol ¡ilrt'rr¡lnl¿rrinc (I.,ítr,.'.s iirril \\'rìsrtrtrr. lf)70b) in tlrLr lìl¡r,srrs lrrr,lrker. r\¡¡airr. a 

'iLr.ìr,t,v..Icl.s¡tli'' scltt'tlrll(':i \\'otìl(l lr(' ììr'cr':isiìr) t' rlt,nrorrstr'¡tr. tlrat 1lrrrirc.hl,,,,,1ii,r., yl,rlnlrírrt, r¡rr.s lr.tiilltrl rrlrirl trrlrul¡r r.,rrlrsorIlirrrr of ¡rlrcrrrlirl;tnirrt,. lklrrr,r,r,r, tlrl crtl.t.nrclr lrrrr ¡>lit,r,rl¡rlrrrrirrct'ttt.liolt ort'' IltL'6 lr tìrrrt tllis (olìrP()urr(l rrirs infusccl strggr,sl-- tlr¿rt it <|lcs r¡¡t alìtr.t trrl^rJr.trlttt:i¡)rtt[. 'l']tus rtr.itlrr,r t.rc,lr¡lt,trr,irtl or ìr,rr:rr,ìrl¡,,,n1\^,,,1,,t,.,,i-.. l,^t ,. ,t -

ru. tlie tr.'s1,rrrt rr.cìr,'risrr¡s ir¡ rrrc,,',,,,i ,,,i,,,i.ì.:¡i;'; ìl;;;i:i;"'i;';,ï ;ììlli;','iìï:';;,J,Ji;;;;:.f th:''rc t'ttrtt¡rorttttls' ils r)r{'r'f)0'i t¡[ tlrL'a<ìnrini.slrrt.rl (l()]i(,\\'¿ìs 
".r"r"t",1 in thc.urirrc rltrrirrr¡tll'' {i lì i)l tltr' i'\i'r iirlìr'rit } lurt,'r.r. tlrr' íuci tittt tlrr'¡ clilrri¡lirl,,l,l ilrtt,sti¡r¿rl rr¡rtirkc r,{'

lrlrttrrl'tlirnittt' ( I,irrr': arrr[ \\'¿risrìr¿ìn. ]f);Ob) 1;u.gg(,sts tlr,¡- nra¡ still hiryt: ¡ ¡rgtr,rrti:rl l.r(lecreirsi I t-q ltl irsil tl ¡ll rt't rr.l irlirn i nt.. lcr.els.

'\¿lt¡¿rllrlc'rlß¡'n¡t'r¡lr, 'l'lrc ¿rttthol rrislres tr¡ thulrk lcrr¡¡rs lltrc6¡rer, ll.[¡ert C],lr'r.ll arrcl
'\l¿n Il¿rlrlstr¿t ftrr tc'cltrrit'¡l assistartc't' rr iilr tlris stu<ì¡.. Iie is ,rlro v,,,¡,"fratcful for thr ilclvici:Ùttcl sttlt¡lort of thu latt' Prof(-ssor If¿rrr' \\¡¿risrrrirrr. 'l he rr.ork u.as iltrtlully srr,¡r,r.tt.rl lr¡.
Lf .S.ì',lLÅ. J ll)00t:j !rr tllr, Kt,rntr.(l). I_tl,r¡rat6r.it,s (t)nir.ct.sitr, <rl \\,isco¡sirr, \lrr<lis¡¡, \\.isr..¡r.'sir If,S..\,ì J)r, [,írrt's \\iìs tllL,rt,t,rltilrrt of , lJ.S. r,,strl¡ctrrrll N l.ll, I..r,llr¡rr,slrip I,OS.l N l.l()lj,

I Ìl:.lf lr, l{l,lN(_- |lS.
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The Effect of Feee{ing F-2-ThierìV¡alani¡re rn Phenylalar¡ir'¡e
lVletatr¡c¡lisnl in 'the Hhesr.¡s Mon[<ey-

D, R. Linost and H. A. Waismanf

F¡om tho Jose¡rh F. Kenncdy, Jr. Laboralorios, Uepadment ol Pediatrics, University of Wisconsin Medical Centor,
Madison. Wisco¡rsin, USA.

$urmnrany: p-2-thienylalanine, which is
known to inhih¡it plrenylalanirre ahsorp-
tion in the int¿;stine and to promote its
excretion by the lciclney, was fr:d to two
infant [ìtresus morrl<r:ys as a su¡rplement
ta milk, for 24O cia1,s ¡n a clrrsirç1o of
0.75 g por [.19" Two other irrf¿rnt nronkeys
received the sanre c.ìclse of p-2-thienyla-
lanine plus ¡lhenyialarrine 3 g per kg.
J'hese monkeys \,'ere compalred witf ¡

four infant aninrals that received phenyla-
lanine 3 g per kg as a supplement, and a
group tlrat was fcd milk alone. No
adverse effect on growth clr developrnent
by the p-2-thierrylalarrine feeding was
noted. One of the ¡ronkeys which re-
ceived F-2:thienylalanine with plrenyla-
la¡rine was not protected against the
high blood phenylalanine ancl suffered
neuroloç;ical danraç¡e. -l-he other rncnkey
fed tlris conrbination did not appeilr to
stlffcr ârìi/ brlln darnage. Horvever, brain
dantage was fourid in all loui monkeys
fed phenylalanine alone.

It is concluclecl that F-2-thie¡¡yl¡rlanine
is worthy of further study in the treat-
rnent of pircnyllcetonuria.

"Supt)ortod ¡n párt by tlrc Utìf'll5 Grênt lll)00341.
lì0cip¡ont ol an lr¡tcrnôt¡o11¡rl lllll Flcsoarctr Followslri¡r,

F05T\ry1 406.

lScrìior Ltcturcr: Departmcrrt of P¿stjiat¡ir:s, tJ¡ìr,crsìly ol Âdol¿ido,
Adel¡iilo Clrildrcn's lltr:r¡riì:rl, North Adul¡ido.

I Late Oircctor, h'rìnedy [ ¡boi:ilnries.
Cctesponrleutc: Dr D. n, Lirì(ì:;,

Dcpilrtilìeilt ol P¿lcrii¡trics
Univcrsity of Atlolirido,
Adol¡idn t."irildrerr's f{osf)¡tirl, North 

^dBl¿r¡dc,Sor¡th 
^,u1tr¡lio 

500ô.
Accrìplod for ¡rrbl¡côtron : 24 Augusl, 1 97?.

The treatment of' plienylketonurízr try low
phenylalanirrc cliet is rrsually bcncfìcialr' 1' 3, 1 in
cffei:tivcr!.y Iowering the plasma ¡lhenylalanirre
ancì in allorvìng ¡¡ornral brain dcveloprnent,
althouglr somc h¡d carlier qucstionecl its efh-
cacvr" 0. Thcre is no doubt that thc rlie tary
lìl:lnagcute!ìt of' the plrenylkctonrlric child rc-
c¡rrircs csre[ul rnonitoring for several ycars, is
tinre consunring for the plrent, ¿Llld that managc-
nrent of such a chilcl is a nrcjor f:rcet in the
f amily's cmotioual clinlatc?.

Thus, rny trcatlnent that tvoLrld obviatc or
liberalize the diet rvould br: trseful. C)ne thcra-
peutic l¡rproach, short of beirrg able to supply
ttre deficient cnzynÌe, rvould be thc aclrninistra-
tion of an agcnt that tvould block either intcs-
tinal absorption or promote renal excretion of
phenylalanine. We have alrcad.y shown thnt
p-2-thienylalaninc is able to accornplish both
phenomenas' o, and it u,as deciderd to try this
agent (on along term basis) in young monkeys
l"ccl exccss phcnylalanine to establistr whcthcr
this phcnyl;rlarrine antagonist could efl'cctivr:ly
loler tlre ¡llasma phenylalairino lcvel in these
lryperphenylalaninr;nric aninrals"

lll otho¡lç ¿¡nd lìfl trteri¿rls
Irour gr<ru¡rs of nrookcys (ì\lat:aca ntulat!ø\ rvcrc l;tken at
birth fronr tl¡cir rrothers a¡rct fi;d scvcral clictary legirncrrs
fot v¡irious pcriods,'l"lre fìrst gror.r¡t contlrin,.rrl fbur
monkcys rvhich rvc¡c lcd r corn¡ncrcially rnodi(ì,:rl milk
diet (Sirnilac)* su¡rplt:merìtc,l \,,jtlr L-plicnyiril;rrriu,:,
approxinratr:ly 3y,lkglúa'¡, ir.; lrrs bccn dcscribi:d cl:;e-
whcle in ¡1rr;alcl dclailt0,'Ílrc sccond g,i'ou¡r of twc.
animals wir s sr rpple mcntc-Ll * í tlr p-2-th ir:nylalan i rt r: (). 75 ¡.1/

kgl(lzry, Il;.: tlrir<1 group con.iiììtcci of' tivo nronl r-'y:; fcrl

tRoss Lirl¡or¿tolies, Clov¿lanrl, ûhio
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;¡:lG.l.J [lE '1 : Pl;¡snla nhcrrylnlanino levt-.ls in ll,lacaca
t'iu!,itîJ alter focíj¡ng vôr¡()r's cjie ts. J'hu shacjecl are¡ ir;
lthc rìrcarì ;: S0 (standarel tlcviation) of lc.vels in fclur
:piìûn),1âl¡nitrs supplcn'r,lnto(l anirn¡ls for each 30-cíay
:por¡o(j, L-36 ¡n¡l l.-46 worc fcd 0.75 f¡lkg/day af
ll-12-llrrelylalaninc lrlr 240 days. 1..-80 orrd M_11 wr_.ro
fed 0.I'lj u/kglcl-y of r'J-2-tlìicn),t¡t¡nine plus 3 g/kg/
,day r,rf t--plri:nylalanint: for 240 rl¿ivr;.

Thc ntt nke),s' dictary ¡¡ìtllke \\.as ¡ccrrrcled dnilv as
.u¿Is tlì!-¡r v,e=ight. t [r:ir:l¡t unrl hc¿iJ cilcLtrnlcr.,.,a* *..r..
'lrieir:;urctl al $eckly jntcrv;ri:,. l_]loorl tbr ¡rhcn-vlllirninc,'!J,rosuìe. aritl ¡,-2-thir:rr1 l;Ll:uriri,-- .,r;rt rlrlurr, alir:r ¡r lour
ìrour lÌrst, ¡rt fDLrr day irrtcLlals in tlrc fìr:;t nrorrtir ol lifc
arrci:rr irro ¡:l i'crur \\cek ltìtct\¡ti-i fhcrcrl¡r.,l.o cstinìttù
plre rr¡ llrlrnirrr:, t¡,rosine , rnrl /J-2-thir:¡).,1¡rlaninc, tlrr:
scrun: \\ u) r{ep¡ 1¡11¡i¡¡¡.'ç.1 as pr.cvi<iLrs!¡, ricscribctlr i, irrr<l
:anll¡ zr:,1 b¡ tltc incthod of Si¡.llckrulrr, -Stci¡r ¿rrrLl Àli,orcrh
.for nrLt itjíc n¡ninr; acids. /Ì-2-tl.ìirrrrylllurrirrc
,clttari-r s a rlistinct ¡rcrtk jtrs! l:cti¡rc rhe elr¡tion
^f r.,.,,.v¡ ¡j', (,\ s,ililf )lus tOt ltù¡tìittol(rSlcilt ilì\,C\ltiJ;t-
ition \\'\Ì rrcLrrrciltly ',vilh tltt¡se ior an¡ino acirl
.tlc terrrl i¡

After 2.i() rlr,ys thc f-2-ttricny'l.tl;;rrir,,c srrp¡rler.cntccl
rnûnkii)s \',arc r¿(t¡úìctl to;t lro¡.¡n¡.rl r.lic(. Orìc: nronkcy,
,J.,-31i,',r'lio Ìr;tcl bccn fi:d ¡l-2-1¡¡¡.n"lllirrrinc coltirircturl

vOL, 3, No. z

ìly .d.;rrronstrllerl ¡hlrt lt.2-thir:nylalaninc is rcci¡r,r:rcrl
corn¡rlcfcly illtcr lr¡'<lroly:ris.

,îlì1,,f-î;
ftr:r I in gr"
istrîtic,n,

Rosults
Sennt 0mitn ocids

Ithc ¡rhcrrylalanine levels of thc rnonlioys
fecl /-2-thienylalaninc cither .,vith or tyitl-rout

vary fronì trormal. When p-2-thienylalanine rvas
.¡n¡rL'i'.o,1 .,,;.1. -l---- t- r

rctnlncd [o ii ¡¡ornral dict ilt 240 <lays and it citn
trc scqn tlrat scrum phcnylalanirre rapiclly fcll
to nonrral lcvcls ancl rcnìilinccl f h(ìre.

. I'hc sclulrr p-2-thicnylirl;rnine ancl tyrosinc
levcls arc shorvn in 'I'¡blt: l. .ì-hc tyrosinc lovels

,¿¡re extrcnìcly vnriatrL' in thc trvo nìr)nkeys also
I'ed phenylalaninc. This variation was also sce¡r

fcti thc sitnle dose of B-2-thicnyl¿rlanint: ¿rlonç.
Dittnr,¡ itttuke flnd growtl,

l'hr: fìrrrnu[a strength \\,as inçre¿rscd al st;tnrl¿rrrl
times in lìn fìffrlrt tn rrrrinroi,. nt,,,-,,r.,r.,-:-^

an ¿Ivera¡lc of 2.5¡1 ol ¡rheuylaliininc pcr kilo_
ÍÌram aftcr the thirtieth day ol life. .l'his 

lorvcr
intakc of phcnyllrlanínc ìs a l.cflcction of the

irrlarrt nrorrkc¡,s.
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Tlrefei was ntl retnerkaìrlc dísturbrlnce r

u,cíght grrirt in rrry of tlrc: uronkcys f''d B-
lhicrtylal;rninc a.s r;howrt in fiigure 2. l-'80 u'r

e small rnonkey at birth but grew nornlal
clespitc being fcd bof lr pireriylalanine and þ-
thienylalauinc. Monkcy Nl-ll greu' at the lo
rangc of' no¡'lnal u¡ltil bc contraçtcd gastr

e¡lteritis at 200 days. llt thc ¡nonkcys fccl plie rr1'l

lani¡le at high conccntration:, slorvttcs:; in rvcig

gain occurs Iiorl about 2-00 clays. This is n
evident irt thc two nronkcys fcd the sarlre do

of ¡rhcnylalanine plrts /Ì-2-tlrienylalartinc, b

these monkeys werc rcttunecl to nornral diet
240 days.

Figure 3 shorvs g,rort,th as a ft¡nction of intal
'Ihe rveiglrt gaincrt pcr l0 I of intakc is equal

the ¡lolmnl and pltcrrylllanine fed grottps, h

grorvttr is sultcrior i¡l thc p-2-thicrrylalrlni
supplemr:ntc11 grott¡rs- Sirrrilar data fbr hci¡
nnrl hcirrl cirrrunllerelicc r,horv,.:tl ¡lo clclctcrio
cfì'cct fron r p-2-t h icnyl;rlaninc.

Otlrt:r .fintlings
Rcd ccll incliccs showcd iro signifìcant dcv

tion amon¡¡ thc n¡rintals rvith variously srrpp

.4

"2
o eo reo 160

DAYS
360

F lG U R E 2 : \Â¡eiCJht gcins ol Macaca ntulatl¿t. The shaded
area shor,'s norrnal wcights of nlorrkcys ir¡eans.i; lìD)
rnaintairrr:d on Sinril¡c irr this labor¿iory. Tlto weiç¡hts
of the fc.'ur plrcnylalariine strpplerncrrtcd ntonkeys are
shown rrs ij í-neiln :l: SD for ear:h ti:n-day poriod. [.-i]0
arrd 1,4 -1 1 r¡.rcrt; lucl 0 . 75 g/kg/day of ¡l-?. thicnyltrlaninc
Flus 3 çJ/ksiclny ol L-phenyl;rlaninu. for 240 days. L-36
and L-46 rn¡crc givcn the f-2-lhienylalanine supplo-
rl]cnr f¡rr ",1¡lC) days.

'rAì1f-E l.
Serun: /-2-Tlricn¡,lalaninc (/l-2-1) antl'Ï'¡,rosine (Tyr.) l-cvcls+ in Inl'arit Rl:csus Monkcys fcrl lhc atitago¡ri.'t r','i1lt ¿

rr,'il I rout Pht:nylu la nirrc itt vlt ritltts a gr:s.

I'*r'iccl l-2-Thicnl'lllii¡lil:c l'¡rd Phcnylalrniirc I r:d

Agc in d;r¡'s t,- B0 M-n

ï-?-"ï fl"2.-1' 'I j'r p-2:r 'r) ¡
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[:¡GLIRË 3 : Grorvth at lþlacacd Mulatta ¡s a function of
in¡ake, Thc shaded ar¿a slìows weight gain (mean *fiD) pcr ten litres of formula Ìor all [.jinrilãc fe<ì animi¡ls
i¡r thrs latroratory. ì-he vr;trights ol 1l¡e four phenylale nino
sLrpplcnìenlùd animals are also sholvn ¡s á nl¿¡an + lìD.
At 15 rla1,s of ago lhùre \¡,r.rs sUch iì !real v¡riatron in thc
inl.rl:ss tllat the linr: inclicatin.tl the nlean :l: S D should
have exlended somev¿l¡¡t bolow the base iinEr of the
chart. l--36 and I--46 wcre fccl 0.75 q/kg/ciay al iì,2_thi-'¡lvlalaninc f¡r 2¿10 rl¡ys. l,-80 anij M g0 iuerr, fe,J
0: ?5 g/kq/,1:,y of ¿j.2 lhienytatanine plus 3.0 çli lig/day
of L-olrenylalanine for 2.i0 d¡vs.

meiìle(l grc,l,tp5, nor \\'L.re other haem¿rtolo¡¡ict!
al,rn ormali I i,.'s ¡.lrtçctccl, (Thcsc data I re ûvû ilablc
fiorìl thc. irulhor oil l'È:(luest).

C-ìinicaìl.y no al:rrornulity rc:;ulting frorrr
;rilnrini:;tration of' tho /l-2-tìrit':nylala¡rine rviLs
tl'idt'nt e)icepr i:r l--80,,1.ho convulsc.d and
i;e l,lrr,c.i in a n;l¡lui to tÌrr: ¡rl¡ç¡y¡n-
liirrinc lççl ¡1rlnl-r:yitt kcy hacl u hilhl:rr
ntít\inlíìl lcvc-ì of ¡c - óB nr¡¡ jll
cOntpíttcd rt-itÌr tlr,.: () lucl tirc cc,r!ìl)iniÌ.-
lion cí- ¡;herryìrrllnine autl /l-2-tbiclyl¿ilauine
q-5í nrgi(), a.!rhough borh'hld an idi:ntic¡l
:.\'rìrage Sc-runi ¡;hcn1'lalauiìlc lll'el ol 2ir nrg; ]¡j.
¡\lso. L-80's loç,, birrh wcill¡t nright be associatcd
rvith ¡rrernatLrrit¡,, or somc othcr lìrctor rv-hich
tcndcrÈ(l his l-.¡;rirr lìl.ore suscclltibh: to darrnge
by thc clevatrrd bloocl phenylallinirre k--yels.

1.hc lrost-nrortrrín on L-36 rlter r1c¿rth fi.om
ga stro enteri t is revr:ir I rl,,l fì n,.l i n gs crtnrpa ti trlc rvitlr
crnl¡. t hut <lirrgnclsis. TJre brain ¡rrotr;irr ctintainecl

v0[.. 3, N(:}, 2

Discussion
f'hc rcsults suggest that p-2-thicnylalnriiuc addcd
to the infant monke-vs' milk formul¿r clçcrcasc.r.l
the intalce bu¡ dict not impai r grorvth. In tcrcstin u_
ly, B-2-thicn¡,lalanino fecl auinuls grow hrilcr
than phenylalaninc lt^d aninrirls or tlÌc contlol
group, rvhen rvciglrt gain is expressccl ¿ì$ a filnc_
tion of inrake. T his prcbrrbly rcflects thc
monkey's ability to maint¡rin Ltrolvth û[ a
slightly lorvered intirke.

It can bc secn tliat the hlorrrl nl,,,.r¡1.¡tr,,i,.^
le!'els rvere gcnerally ,"¿u..*Jin ,i.';r;; ;ro,*;;;
fcd the combinatíon of ¡g-?.-thícnvl¡llaninc nucl
phe.nylalanine c()npiìrcd to those fbrl phenyla..
lanine illone.

The trend toward highcr serunr p-2_ttrienyll_
lanine levels in the monkc).s f'ccl pircnylalarrin,:
com¡lared to thosr: lecl f-Z-tlricnylrtl;rnirrr: alontr
sug.gests that phenylrllnine in hibits p_2_tir icn;,ln_
laninc mctabt¡lism in thc nlonlicv. f'hc mc{ubolir':
pathu,ay involvecl ís not linorvn, brrt (}o<iín rrrrcl
f)olanrc h:rve strorvn that r¿rl.s ca.nnot brc-lli <Jorvn

expect the sert¡nr ie vel of i/-.'2.tlrie rrvllrlaninr: to

con-s.Èq ìnces cf su¡;¡rleirieutal ¡rhenyl;;!ii;rínu-
feecling in one aniflal, but L-80 <icvel.rpccl con-
vulsions lnd si¡lns of me rit¿l rctarcìatiàn- Jt i.s

¡\s clevrrtícrn ol serullr pl:cnylalanirii-- is thtt
most clirt:ct result of rlr ; r .itrncc c,lpht-.riyi;rli.rnirrc
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o I l-r¡ti-'i- rri ,i.¿t.i c;cncr i,r . S¿rJ lnonel.],¿.r

l,rl Íiir:ll)¿:ì¡ ¡,1 i-ccl i..l,.c¡i¡ Il,.;i;ìtili".i r._:ì-r .j ;r alrrl !lÌ1.:i!::1,,1::/ ¿ìs ¿.,

qcnelr -r o cj.rollJl oìr {,lrc: ir¿r r,; i s; o f. .lrr j nlii b-ì L.,i oir ¿ì:;f:j¿ly

-ì-rrcor:1rclt:;rt.ì_nq ?,*2--1_1r.i crrlrJ ¿ i_¡r-t.ì.;le, ;-rncj Lls:ìiJ.rrJ ¿ì rlr:f i.ec1
rrrr.:cliUrn. '-r.'lre ¿ìflsj¿ìy ,i,sr ¿rrsr.r r.rs¿,rrrlc: f.çr. coaf-i.rl-rr;rt iorr
<lf- i-a>lc>nr)r.ir i r: cl i .[ f cl cl-]cr,:sl ])(r r.v,,rlr-r. qclì(.ì,1:¿l 

"

llhc: j nliibj t-.Lc¡rr lt()ar.-j L.:i c_rll j-s l:,..1cì(l¿ìll,ì (,) ¿ìS all

"al--l-'-oT,-*'rìo.rìe" ¡¡ltt:rrotiìen()n, l-r.r-l-lo';vs éi dose"-resl)olLs.je

reJ,atì-ons;h ip f:or r:u.l L'i:cs ¿Lf r<.:ctec-l l:y ß*2"-thì e'y_La-

.1.¿rtr-i.¡rr:, .rrLc1 is un¿rf f. cc;i,ecL ll¡¡ thc clr;ov,,i:[t ]:Ìru r-.;e oí- t¡e
t:u1tu,re,:.
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'I'he pirenylal¿:.ni-ne ;rnalogne n ß-2-.tllienyl-.rl¿rnine
(f3-.2-t¡ ' has beren 

's,ic.:ci 
in micr:obi-a1 sci:eening assays

for detect-i-on of e-l-cr¡a-r-e<l L¡loocl ¡:henylalanine -level-s

in nev¿bor:n j_nfant_L; (C;¡

ß.-Z* l*lricl¡lyJ.r,L¿rn,irre lr¿,Ls; a_l so lteen crlployed _in

animal moc1c1.s;, ancl lr¿.ts; I¡een s;hor^.'n to -increase renal.

excret-ì-on c¡f ¡lhenlz-1.¿1J¿:.ni.ne -i:rr rhesus nronkeys (B).

The analoque lt¿Ls a-l sc-r l:een slr.own to inllibit intestinal_
absorption of the amirro ¿rc_id i.n r¿rt-s (lr, lI) , adult
monJ',eys (9) , infarit- nronI..e)'s (lO) , and i_n sbort-t,er:m

phenylalanj-ne J-oadinc¡ experiments in man (7). Thns

it shows promi.se as ¿rn acljunct t-o the normal d.ietar.y

t-lrerapy used f.or treatment of phenylkelonurj-a..

ÀmoncJ thei safety st_ud.i_e-:s conduci-ecl to t--e¡;t the

effect of the anaJ-oqr-ie upon intest-inal belcteriar;

culLtrr:es of gran-llëgerl---ive, pathogenic genera were

grown on a definecl pJ-ating nreclilrlrn, in the presence of
B-2-thienylalanine, to cletermine if the various
genera coul,cl be dif f erentiated lunder these conclitions "
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Cr.r I tr.r r:e s;

Sh. f I exncr-ì

of Iisc:lrr:l .i chi¿r cc¡,1--i o Sh,Lclc l l,,r

r.;r-ri1 no.i. , Sì¿r.Lmc¡lLi:-1 .l-¿r L1r1rir j-,

f:.1-exnc: rj. -tl ,

-[-tL r Siit"

e typh j murì rtln, Pr.otclrr; rnir a,hj..Li s;, P vu 1 '1.t _r: .i S ,

PY(,).{c)lle S /

B morgan_L,

P seuilornon a :ì a-er.'ug-í lr () r:; ¿,1 / Sì t-l:epi clcrocc:ils

Kl-ebs,; i cl -l-¿r . ¡ Ac j trr:t-r:il¡itct-c:: sj l)s; l) IìnLe:c<¡l:ractr:r SJ? " , V/ere

obi-¿rinecl asj -isolates l-i:: r-ìrn rrolì*-i t-if ¿rlrt clirr j cal- speci-r,iens ,

f :roln t--he Wal _'l-ace Lérb9y;Lt.<>r:1', l\r-iclç1¿rnd l-lo:,;p i.t,ar1 . The

Sa-Lrnone I l,e ¿rncl Slr.i c¡eJ-J-;r st-¡:¿L j trs.; tvelte dctr':r-tnj..trerc1 b1,

serol-yping, lvhil e t-.he j clcn t-:i-f .i c¿rtion of t-he c¡ther cu]-'tur:es

was n¿rcìe by conìpal:j-sol-l of b.ì-oclrem-lc¡rL re¿rc;t--i-ons.

ÍìeroLypccl cul't-u-r,-cr.; o-[ ].i. co-1,i O26/ri6, O55 /l]5, oB6/81 ,

01l2 /K66, Olr4/KgO, ()1.ì 9,/Iìl-6, Olil5lBr5 ¡ O)21 /BB , ancl

OL2'ò/8L2, Sl-ri-qe1-1a fle;rner:i. In l.r' and rl.I' S!¡. ÞgJg+-,

Sh. sonnei, Í.i¿Llrnonel,la . typh imr-rr j u.m, S " tvpl-rimlrr:ium

ob1-ained

h ar¡"i119

three

o¡rtima.1

t-¡'¡>hi , S

var. Copenhagcn, S ¿i.nd S" pjll.¿llljl-' wer:'e

from Prj¡cess M;rry Iìosp.ì.tal fc-¡r Cþj-l.cJre1., Àt1cltlancl'

beerr i-solated f rom j-nf.¡n L parthc-tl<¡gi-caI spec:ì-mens .

'l'wct of Lhe sel:otypcd strains from e¿'lch of the

g'enera in this cJroup vr{ìre use¡c1 f-or cletc-:rn',-inì-ng the

?,-2.-L conccntr¿rtion :i.n the tes'1.- system.

. l'rcìì,,,'i.rt(1 t.<,rn,

l,lA INTMAT AMMI! THIL' f;il' llA I N S

Cultures were maj-rr-i-ainecl for -long {;crm use on

of Dc¡rset Iìc¡g l,(ecì j urn (2,) , ¿ì.s 1-,lr:¡ra-recl by '1.-|e Medi¿r

Deltarrtrnenf , Aucli,l-¿rncl ìlor;pì-ta.1-, t-r-uder the í"oll-ov;,i.ncr

slants

concl i. t ion s .



Si><t..c:r.rl I¿rr,lt: <:ll.ic.:l.li,, lr c rf (Jjì vJct,c-. r:.i-nscc.l .Llr n l.collol,

b¡:c¡Jien unclc,r st..e::-il<l c:c-riril.íL-rlons, ancl s;ll¿llie n rvi th

st--c¡::i1e gJ-ers;s be¿r<1s -í.oi: .l-O ln-Lnu.tc,:s. 'Ic.r L:he bl-encleil

eggsi (appr:oxin;,LLe.l1r [iClO rn] ) r,rars ¿rc1c1ed !2OO ml- of

O.9?J (vt/") NaC-1" l¡.i"vcr rrrl- url-iquol-s \^reÌrc c.lispensecl

into bo htl.c.:r-; " Bubl¡l ,i nq o f the rnercliuffL \r¡ârii r:educed

by placinq the bot-t-l t'r:; .i,n thc: autocl-arr<1,, ¿rncl imtrecl-i-

ately closi.ng the ex.ìrausit to c>:cl-uclc> ¿tii:" The

pr:es;rjure v/asl nraj-nt.¿,r.i-ned ¿,Lt- l li [rs-L for: 2O rL,inut-es, by

l:L:ed.rlrrg t-hrorigl'r t-lrc i-',)'.llau:ì1. v;-ll.vc, !thc: mr:d,Lum lvas

t-bcn autocl ¿rvecl nor:rn;rlJ y aL-. Ii¿.1 C ¿rnd Ilt psi for l-O

:trjnutes, fo-i, lorvec-i l;1' Í"; lor,'/ e:<h¿.rrrs1- of tlic st-.eam"

f¡or e:<per-i-rnent¿r-l- user cu-l-t-uros vJel-e streal<ed for:

i¡;o-l-¿rtic¡n f r:om 1-his; rrìc)d-i-llnì on tct Col.umb.i a agarî pJ a 1-es;

(BIll,¡ Cockelrs;r¡il-.1-e, l,lcl" ) " After overni-gltt .incubation,

colonies vJerc p:i-cJir.:r1 and 'Lrans;f er:red to peptone lva:t-er,

con:;-isting of 2.es (rv/rr) i-ry¡:totie (Oxoicl) v¡.i-t-h O.5eó (w/.t)

NaC-I., ancl gro\.nl for: 3 - 5 hr¡; at-" 37 C 1,o ¿-rttain a

logar.ithmic qr.:or,vt-h ph;rs;e (Absorbance oJ: O"l at 45O nm

as nrcasu::ed vzith a llausc:h ¿rni[ ,L,omb Spect"r:onic 20 spec"-

t-r:ophotomc;tclr) . Än ¿rÌ:s-;or:l':¿,lrtcc of O.l unil er:'l,hese

condj-tions v¡as eclua-|. to 2 x IoB colorrj.e,.s/ml. Cul't-u.res

no'l: immecliat:eIy tesl:ecl vJC5-lîe ci1.ored. at !r C -for as l.ong

as 14 da1'5.

Vegeta-tive 14:'-rr j m¿r-L

from IOO lnl of ¿r rnineral

3Og K.2I1PO t I log !,ll f.ilO ,y î

O"Içl lrlc¡SiOn" '711?O; rJ-C)l9

I{editr¡rL ( .¿t'4t4) (f ) \4I¿ìs prepared

sa-l-i:s; concetrtr¿rLc: (Per J-it::e,

lig ì"l114CJ-; l-q lìII¿l\lO j; lq

I,lnilO,, " ;l if rf), ().OL.t I.'e:S()rt
L]'

l.la2so4;

" 'l112.a 
;



arld O. ClO5<¡ CaLCJ 
2 ) , 'co whi ch rvas ¿rcldecl I " 4'7 çt L*ql.utam-tc:

¿rc-icl, O.O4ç¡ rlisocl-i-r.iln clt.-h-¡zl.cne cliamjne t-e:tr:a¿rcetate"

2ll2o, J-3 " l5c¡ ¡lq¿ìl- , ;urr1 cl j-l;1.:.i l.l-ccl rç¿lte.r t-o a vo-Lune of

9OO ml . Ther mr.rd-i r.lrr wa s acì j lrs+;ed to ¡:I{ 6 " B-7 " O,

¿lncl autc¡clavecl a1- |2.1 C f.or I5 u-r-i,nutes, .L-o r:ecluce the

poss;ibì f.i-ty of ch¿rrring, i,v'll-i,ch occ:urre<l ¿lt- conrf it-ions

of lriqher tem¡;craturc: arrci pl:essurc). Af-ter coo.l-iÌlg,

lOg ol- c¡lucos;e :in the fornt of a separ:ateì-y autoc-l.ave-c1

1O% (w/v) sol.ut.iorl rç¿rs ¿¡dc-Ìecl aseptic.rIIy, to Lrr'-ìn<¡

the filra.l. \¡ol.urne 1.rt orìcì lit--i,:c"

J"loclifiecl \7ltlÌ"Ï r¿¿rr:r prcrJ:)ar.rc-l ¿ìri abot¡c etxcept that

MnSO Fr:SO atrcl CaCl \\teÌ,ì:e lrOt a dclccl 
"4r 4t 2

D]TTÜRMINAI]IOÌ'I OiI COLON)! COUAITS

Colony countr; \^/e:re performed to compare grovlth

of the selected inte:;t j n.rl pathoç¡ens -itr t.he j.nhib j t j on

med-j-um i¿-Lth that -in ¿ì conrplex pI;rt-1-ng tnecl-i-um, as rve-11.

as for determin¿rtion of .Lhe size¡ of t-he illoculum for

assays. Serial clilutions, loo to lO--B ¿ wel:-e done j,n

duplicat,e in ]: .l,O mj nera-L s;¿rl1-s concelrt-r:a'L--e, using,

serot-yped strains of l-he clenera, liscJreríchia, Siri-geì-1 a,

and Salmonella, F::om eacli clil ution, O " 05 ni-L was

added j-n duplicat-.e 1:o 15 ml of ag¿nr medium, and pour

plates macle in st-.crrile, disposabJ-e plastic, B5 mÌn ,

diameter Petri dj.shes (tasman Vaccine Laborator-ies Ltd",

incub¿rted at 37 C

counted on pl-ates

for 18 24 hours- Colonies were

harving 20 2OO colonies.



rNI{lur'l'0.11

¡, O - OI l'f e,tc¡r-rc:Oits; r;r:-l tL L j-(llt of" ?'-2* t-hienyJ-alan itre

(ß-2-t-h j-enyl-- DL*¿r,l-¿L¡-r i-irc, S:Lgrna Chem-i-c¿tl- Co " ) was

,steril ized by artl-ot--Iav:i-r-rq, ¿lj spensecl as -t-O ml- aLic¡ro.bs 
'

anrl maltrt-¿rj.necl at -'20 C. !-']re dose*'response relatj-Olr-

ship of the ?'-2*I: scll-Lrt--iotr t o the Il scher.ich.La , Shiqell-a,,

and Salm<¡neIIa test- sbra-itlsl \'/as deter:mi-tre<f for uSe -r-n

t-lre inhibi't-iorr ¿ìsis¿:ì.y (TÀil-l-,Ii 1) '"

J Nt\1 ltl:l',.l.oN Ai.;f;AY

Il¿Lct.erj-a werc s-,c--::erenc:cl for inhibi L-.j,on c:f growth

by parall er-L strcal.1-!nq c.¡f- s;tr;ri-us, B or f:ewt,:r Per plai-e 
'

;on Vegetatj,ve l4jnirnal l{ecljun or mocli-fi-ed v}1M in

duplic.rt--i:, f ollorvecl b1z tTre p-l'rcirrg of a st-e'L:ile strip

.of \,ihatlnan 3MM f--i-ltc::- paper, 6 nm x 15 nìüì' per:pendic-'

ular: 'Lo the stre¿rhs;, ilncl ap¡21y-ing :l-OO irl' of O"Ol ¡1

ß-2-L sol-uLíon onto t-he s;tr:i p with a ster-ile syringe'

Filter paper ptrips, impregnatecl only wit-'h dj's;tiIIed

wateï, wet:e used j.n control ¡:1-ates' Pet::i plaeLes

.were j-nverted and incub¿r'L.ed at 3'J C, ancl v¡er:e examined'

af ter -lB 24 hour:s. rnhibi-tion rvas def ir-red as lack

of wisible growth wit'hin l crn of either side of the

impr:egnated str.Lp. Non-inhj-bitecl strains grerv to

the str:ip wíthout a visible no-growth alrea ' Reactionsi

of strains showj-ng a visj-l:le no-growth area which werle

not distínct enouçf to qua -L yas

termed, "borclerl-ine" . (Figure l-) "



!:ltlìllL'i O,:¡' G]'l (.)!',/!'i! ltli.,':;iit,' [] ,-';.')l',' i ],i;iii,, l:i l0iii t,lti1\l:,t,i OI\l

ll'llc,: [,.c::;i srì-l';t-Ll'i:,; \,jc]'(j.ir(J\/lì for rtr h::., (1oga,l:il_hnrj<:

phasc,:) , j. ll ¿;nc1 -i6 ll.il:.;* (si.-¿-rt -ì olt¿tì: \;' lrlta-t<,,:) aU 37 C jn

pelpt"olro w¿lt-t,r.t:, anc.l s1- r,:,r¿'ilt¡.:ci j L:i l-cr ir-ì-;i'L c sj f or neasur clll'lelt [-

oi- j nll-ì l;j t".-io¡t rcl[:;])oli¡-ì.r:l i l; i.Ìrr,: pt (r:,jerlccì or.: (\*2.- Lhien'¡r.-
'i 

,r-l- ¡r,n i rrc 
"



R.ll,l;u l,l's

Colony courr'l-s sho\,,'(,¡cl th¿rt c¡r<.rwt-h .j-n 1-.he Vegeta-

tjve llin-jln¡rl l,lecl-ium used :fo:: the ì.nhj-i:-ì-Ljon assay

(tri-cJur:e 2 )w;r:,; comp;r..rarÌ:lc to tha1.- ctxpect--c.:r:i in ¿r

com¡r.Lex rnecl j,uru, such as Col-unb j.¿l ¿ìct¿lt, (i:'ic¡ ure 3 ) ,

fc¡r t-Ìre test s'L:::¿rins use,.:il" 'l'l-ie l-1r:es of best fit

v,rere cleter:mj-trec1 Ìri' i-ho lrc:t.hoc1 of .l east squ¿ìl:es.

Tl:le ilc¡se*:r'esllnl-ìür:l relat--j-ons-lrip of t-he ß-2-

th-i en\¡l-a1¿rlrine solul-i öl\ to cJr:orvt.b of: tlrc test or:c¡ian-i-sms

showccl llo inhib j-ti.on of- Ll'rc S¿r1rnr,¡rrr-r-l l-¿r s; t-r:¿l j-ns at ¿ìn)/

test--r¡cl concent-rat-iclr¡. Íì)riqc-ì,1¿r and Ils;cher-'i,cl-i-ia str¿rins

clisl:1;ryec1 borclc:rl j-ne l:e ¿rL:t,ì-ons at even thc lol,¡est

conc:crr't-r¡rtions,; testeCir ¿rs compat:c.:c1 t-o t-he fil-ter I)apel:

alrcl w¿Lter- j ilplr:<¡na1.:ecl f i I ter p¿ìpclr cot-ltr<>-l.s . Àt

6O tr:1. of .i.nll j Lr j 1--<ti.- sio l.ul: ì on , Ìro {.-.lr 
"9.!1.1.SLc,.,l 

l. ¿t. ;Lnd

lls;clrcr-i.chi¿.¡ t-c': :;t- l;t-r.ri.rs; wcr.lr(:.r i-nil.i-biLcc.t . L'lo frtr,t-ltci:

clrange ín l:eac'i-ions \,rar; notecl r,vitl-r incr:easir-rg 3*2-t

concent-ration. (ll¿rble 1) " rThe close sel ectecl for the

j-nhj-l::i.t.ion assay rvas l.OO Ut of t-.he O.O1 lif solutj-on,

being safely ¿lbo¡¡e ttre rrriniinttrn j-nhibitjon Ievel of

60 ul.
tlsing the se-Lecte-:d test- closacJe of ß-2-t, the reactions

of the tesb or:qernisms \./cre corapared at differen.b phases

of gr:ovrth. No differer)ce was noted j-ri the reactions of

the cultures a't d-if ferent gror,rtLr phases (lt¿rble 2) . In

I

cultures \,vercl testecl that had been maj-tll-.r.inecl upotl



Dorsel

in.iti..r-t

no.L.e cl (clat;: .lr,'¿r:i.l-¿rI:l.e: .[-i:orir tlle ¿ruthors on rc]clLles:t) .

.[so-l a'Les f rcm non-infalrt pa1-l-roloqrl.c;r1 s:pecimens of

the ltcjrrel:¿ì Ilscltcric-:hi a, Sìr'-,i c1eJ.l a, ancl Sal-no¡rc,t.l-.1-a weltcJ

coni¡,rarr:eil -i n tl'rc asriay us;i.nq VI\11{, asj qror,v{.h c,tì tir j_s

mecliutìì t,/¿rfj. s;¿l L j,:l I.;'rctor.y J.or: Llrc t-cts; L orgarnì_l;nrs; of 1-hc:

same genera" Thel q.Ì:or/,¡Llì of -isol-aLes of o'l-he_r cJralì-.

negcì. I,i-ve gene,ra j-lr the pi-c-ìs;c:rrccì oi'(J-.2*t t^,ra:; compa:r'cd

in t.l-re sl¿ìmcJ assì¿ry, ani'l r:r,rsil.ì t-s ¿1lte shov¡n jn T.rble 3"

Knc¡v¡n sr:::ot--y1-rod cult-.ur:c:; clc-:r:ivecl J r:orn inf¿rnt, pathologj-caì-

s¡:ec.ì,meus tvere ¿r.i.sio t-.cs t-c,:cl j-n t-he assay n eurcì resu.l-ts

are shorcn in 'la]-¡.l.e 4 ^ Of the 32 total ij-. S.g_l-ri_ cull-ures

tes Led (Tables 3 ¿rnd 4) , 30 rver:e i nh j-bi1-ccl i¡y B-2-t "

The twr: non-inhlbj.t-ecl cu-l tures; cc¡u-l.d no1- Jte serotypecl

wi'L.l-r av¿rj l-al:le aggìul:ì-rtcrt-ing a-n1-.isjera for lçi-town patlro"-

genj.c s1-rains" A'1 I av¿riL¡rJ-rl.e knov¡n patÌroqcrrj-c E. co-l i-

stra-Lns tcstecl vJcl:e inl-r-Lbitcd¡ âs vzere a-l.l t-estecl

I-Lç¡ç,1 I'fc,:cl j-rlrn for ãìr:l -Lonq cìs oJtc) f/ear a:Fter

test-ìnc¡, rçj-l;ll t-ì() ch;rnqe in t.he -ir¡hjtiitic-rn react-ì-on

S1-ríqe1 1a.

Salmonel la cuI L-urc-:s, ho\n'c:1'çt, vnere noL inhibited (15

strains (28 cultr-rre s) " Al-1 of the tes'L.ed

cr.rl.tures;) . Other orgarn:i-sins; tcstc:cì which woul-d grow

upon the mediurn reacted -iclenL.ic¿rlIy within a genus,

with the except j-on of t-ire genus I l(lel-rsieI-l-.r .

Of t.he lO3 culLures tested uncler these coriditions,

no diffj-cu-l-ty vras encoulll-c'.red in clecicling upon v¡he't-her

inhib-j-tion had or hacl not- occur:red. and no bord.erline

react r.olls were note 'I ¿l ES alì



I

I

(

i

li l. si clJfi s .tol'i

A c1c:f-"j-nccl- nrin i-rn¿l-J llc-:cliuuL, Vr:ge1-a [-.i r¡e: I'4inimaI I4e<1ium

descl'-'i-Ïrecl biz Derrl¿rin (I) , :'s; suj-{-¿il¡-le fc¡::: c¡::ovrth of the

(Jenc.r a

genus

hl s;cher--i.cltJ-a , Shi,qerl, l ¡r , ¿rlrcl S-i¿r1-rnonc J 1a, as welIl as

for a nr-rmber: of othcr' lruorvtr ql:a.Itr--n(f cl¿rt-1.vr": gc:lìera.

'I'he meclj-riln Inay l)c- sinrpl j f .i-cc1 biz ll€)ntov¿ll of Lhe

mänqarìeso, :i-ron, a-uc1 c:;'rl,r:-l,rlrtr s;;r.l-1--s v"r j.tl-r llo ;r¡11>.rrent cf f ecl-

tlpon qr:owtlt or tlte j nlr-i lt j t--ion l-'c¿ìc t--i.on. Tiris .sinrirli f i-

cati olt cf 1-he rnecl-Lun a,Lsio .Lcss<llrs -Lhe f ormaLion of 1ìl-l-

clissol-vecl cotrrltle>lcs; tto Lc.:c1 tvlren t-l-re ori g j na I mecliu.nL is

us;ed y7-i-tþ6ru1-. l,-i-rc pltesjtìn ce of ¿ìclifl:. Proi.c:u:¡ s,;p. r,¡Ìriclr

gp:otù poo.r:1y ct¡r V,\1I10 ¡lro<-iuce enouc-ih grotri-l-r upon modif-iecl

Vl.lM t..o J.le ¿l s¡s';¿rycc.l, "

The ¿ìsjs¿ly clescr.j,Jtccl jn thjs repor'1; -js quiclc1--o set-

ttp, ¿rncl fas;t- t-O re;tcI'¡ ðt!:ì j-nc1 j-r¡iclu¿t]- áìSSá1,\/S are readable

as "¿tl-L--or:-tìc)rr t:)" l:i:aci-,j,clns," v;ì [-Ì'r llo quesl-jon¿rb-1 e o]:

borclcrline One)sj i-n ot:l: s;er-i-es. The simj l.rrity of resjponse

of tl"re gencra .tl s c-:ll cl r: i- r:li i- a ¿Lncl Sihìqel.la m;ly be a cc¡nfj-rm-

at-i-on of {-he-i r: t.r><Olrc;ltL.i-C cl-Os;ertes$, aS Cornpared t-O the

SaJ mone_ì, 1a, f-'::ont r,.¡l-ricl-l l--ìre f:ormer: cJrlnera ¿lrcì al-most

l

lI

total.-Ly dif fer.enti.: L:r.:c1 (3 ) " Tl-re assay a l-sio conf irms

othe¡ ta>;onomj-c st¡cl,:i-c-:s; bet--wer.:n' genella" I'or exatnple.

1-.ht: cJenus Ci-t-roÌ:¿-c t-er: ir¡rs beetr ¡:1 aced by lìclwards and

lJrving (4) l,axonomj-czr t1.y closer-' to the genus Sal-moneIl-a

than to other ltnteroltar-:L--eriar:e¿te, a suggestion confirmed

by the inhj-bi-ti-on rc¿rct-ion noted" The genl1s Klebs IC a

reacts heLe:r:ogeneous-ly :L¡ tþe ;ìSsiay¡ Su$$Clsìting taxonom-ic

non-un j- f oL:nri ty .



!l'l lc -i lljt.l l.rj.Í. .i i:,tr ì'(.ìr(ìirì. ì¡r: ,.¡.í jt¿r<.:i-r.r:-j-¿.i.1. ci.l l-'í..,ilr: í:):ì -'i n

t-lle J:).t:-c)i:,; (:r.! )c(.r <ti [);' ',t.- i. I)l ()\r'ì <]rl,r ¿i \v¿:r'\/ ¡Í' 1-i-,:l;i.-j-ttc1 L,hc ef-fe<;l-s

ol'. [-]lc: .ilrlr jl:, ì Lr¡r. LlLrr'i trr. clt,''l irr ,.:<i lrtc.:iIirurt cronrlì {-. i.orr:.; , ]-)r:c)l)¿1.r:¿ir''

't:OI. 1, 'i-cl cl:'i¿ì1,,t-i l:¡it: -ì-trit (-)Í 'i,.1 rc (.: .[ ,l'r.:c;1-.sj Ll]lcLr:ìl-' )ìr()l'-'(,-ì cOm¡t-L ex

concli. t..i <..rl,r:l t,i u(:TI a:; o(.:c.r11:r: t,,'-i 1:l'r i,n 1-Ìrc-: rl,,llirrn.-r l-.i.¿:.tr j,r-ltcstj li¿rl-

tt:ac[-,, ]ìi:l;rr.1.t-s l,;li,l,rt¿ ì,h;t[- r;.iiiLa] p,rthcrc_1ctr ic .i.lr L,c:,; L.irla l-

lt¿rr.;tcria ¿-ìì(-ì ai.f-'erc;t-r:c.l l>',.' tj'-':"IlrL<,:rr1,-L¡'ll¡:.nj,itc r-rrrda.rl: l-.he

spr'.,:c;-i,Í.ic: r,[cfilrccl c:olc'Li [.-l.c:,rrl: t,r1 1-hc ¿ìtì:l¿i')/.

Ol,hclr: ¡.; l-:t.rci-i csl ¿Ll:cl (.ì()ììt- illrr.i ncl on t-hc nal-\:t:c of 'l-he.

ilrJlj-]t li.-iolr 1.>hc,rt'rorntrrror i:ìIl(1 r; j l .l j.Lo .i (:il)ol l,r:tl sc].)iri-¡r t-ciy.



Ã C1'.1! Ol 1.,,1ìl i ;(ìl'lir lrì'i'S:ì

Gi:';:[-r-.f u.-l t]r,,1 ¡rlis llc l-r", I)l: il¿trr-i c.l iil:r,:lt,trc::t-, I'/.ll .l-¿r ce

.1,¿: jJOr:¿¡-t-or:V, Aiick l;rircl llc,is;1r.i i-.'r -1 . ancl lll: if ct:r 1, l.io-t.'ì".i-n,

LaÌ¡oi:ai:ot:y, t-)l j.it(:c)-l ::j l'i;t t:1' llr.--:¡1,, .i. i ¿L | 1 o:. Cl h-i -l r-'Lt t.:n,

Aurckl.,rlrd, f or co.l -l-r'c.:i-.i c.>r-t r¡.i 1t.r'r-ltcrrJt:t.t i r.; cu.l L.u re.rj ;

Dr Cjt:r¿r.l-cJ hi" 'I'¿nlot-:J1., [,)1.:1ri,ri. t. ltti:rt.l-- ol ]tli.ct oir io ìoc11z,

Urrj-vcr s,; ii-y cl, C)1-;r.r1 r>, J"or )t-i lr hr.'l-ì pí r-rl, (lonlnrjtl i-r:r ; Lhe

Dop¿ì.r,-i,iirtirl-- c-, I- Sur:g(:ìt \¡, tln i,'.¡cr-ll ity of Aucll .l ¿-rril Í:jchool
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PAEDTATRiC nÊsÉAËìct-j íjocil.:Ty ot- AU5l.tì^l_tA

. Abnol¡ral appearanf.re of thL: brulth llcrc.lei ont¡ans¡rnil;siorr elcctron rnicrol;copy *,"r rrrua,r,,"Uwith io'rvering of all cJisacchrrirlases tuvni i¡, ç0.c01).

125

-l-ilc rr:sr.rlts srltov.,e,J pionluncecl impai¡,ment ofll.r¡i.ì¡ìi l\iiiilrJ rrl tlrl,c:r .j(.)nt.tìil.ìjlriJ r.rncoi-r jtri.¡atecJ bili_ruirrl f'¡,¡¡.,.¡1i f.9l:rLr;,t¿r kjll,.t:l ir¡ thc f¡rLscrrcr_. otI f (l lvl t;ilirULrifl w,.r:; _ i !.. '¿.1) an(l 40 g ::ij
,'.,11 ¡irt':r;rtt :1 Íl F c¡f 5 r.rxltr;,rmr:nls) ro:ìpí:.roiiv(rJy,
(ì()rrìr-r:ìru,,l llr ú I ,1 t. 4 1 ¡rì CO¡tr-()lS. .l.lliS 

W¿rS

, Signil'icant lowering of all r.,r-.¿ynrc lcrrcl:; rv¿i.s l;.¡cnrn patients with co¡¡liac rjisc¡rsr¿ (p (, O.Ll,;), bolhacl¡vc ln :.: gQ), ¡¡çl in partial ri:ìnissìolr in'_. ol,an.l willì ç¡iarcJiasis (n . - 32). ln tlrose r,vith ¡re fout-gãstroenteritis syndrome (n =. 1li) Iowerinç oi tlrerlaclase ancl sucrase llve!s c:nly rnas,,ig,,iìicaut
Enzyme levels in ci-rws'nljlk protoin in,tlrl",la,,,r"(n::- B), and conliac cliscasr:: irr r:orr.¡pt¡.i¡ rL,rnir!:;ir.)l(n :..7¡, were rsinlilar to nornrí,rl nrti(l)ttì (ì_:.,,2..1í)1.
Ëight ¡raìiert1.q wete consi(.ierer_J to li¡LVi-r ;r,i,r,orycli sa ccharicl;rst. cleficicncy.

Di s¡L r';r;ha ri rJa se I ¡:vL,: i s
di cr,:r biy';,. ì,i;i, ;;; -,.':ï"i;ll t 

"':, 

t 
i;i,ï; iìiiì,disc:a:;,:. -[he 

rr.rarkt:ci cfff cf of ì:iopsy :,i1" ,rj,',r,,zynrc levcls ntay pitrl.ly explairi ilie wiCrr ví,ìírìtior)ln ciisac;i:harid;::ì(; v¿lluu.r,; i¡i tire i'lr,:sr,,r:t srturJ!,

Êller:l ol B ?_thiênylt,aninEr or¡ hact;.:ri;.rf
growth _- Guthrie [c$l rÈvir:jil+<J
l). Fl Lintrs an.J K. J []rown
D¿p¿rlilj,Jnl of pttcrjialric:,;, /,ttckl:¡rtd
a nd F I i n <l t: r s IJ n i vr: r :: I i t¡ s

l-l're Guthrie lrlìt for the c.Jctectic,l ll rìllì,,r11{,.ibfcocl ¡henylalaninr: lcvcis tìu9(iestivr. Ljl pìlo,rytkconuria, is bascd orr ti..:e i,,t,iiìític,u or.Ji.,rru$ 
"rBacilf us s¡ul¡tjiis by Lì,2_lhrerrylata,,¡,,,, 

-l 
f'rlu ir¡,hibition is reversctl by thr,) lrrcsgnccr oi r:.r:cel;spheny¡âlanine in the blooct l:¡:r',1t 1¡¡n, thi. pati,:;nt,Aiihour,.h crnpirically a vcrr), succcs'-iiLll tc:;i lht:tllechanisnt of it lras not ircr:n fLrlly s.trro,c.d

Our tests on a vlirie ty of t¡ar_.iÛrj;r h¿N,rr s jtotvtl
lhat Salmonella, prc;teus, l:)s(,.udonìorì¡ìs, i\cir¡r,rio,
bacte¡r. [:ntcrob¡rctr:r arlrJ Citrübacler,,,rici,rs" vu,,ra,not inhi[¡iterj v,'hile Slrigella spr_ìc;oj an(J E {;ol¡wet e

DLrring investiçi:rtion of Ure mr:cllarrÌsrn ol il;i:iinhibition it was foirn(J ilrat ñ4agr.csiu,n l"oJls urn,critr0írl lf tlte le;vr:l of this ron vras i,t¡¡s¿1s¡;j,¡¡..
inhilrjtion ol E coli ancl Shigellr :;pecics tty" fl-2lhien),f;rl¡niner \\/as no lor.toer cvidcnl l.-{ec¡rLrsc itftlirs lltú ,,:.ífect 

,cf. 
varying iltr: cor:cc.nLralion c,f Mgroll was lcsted in tl¡r: G'rll¡ri<.. lost [ìloocl :;pll:;lro¡¡ 112 infants rn;ere tesrcd No¡ìc rr,;,,s p,rsiriui. ,ttntaqn¿siirDr lcr¡r:l; <¡l ü, (l Cl et.r !.).t)2 (ì/1. ol i.ir.¡ [i., 

,ill tl¡e mrrcjiurrr llowever, at ü.{:):l tìrl- 11, vi,l ìt l ,r;
o¡lqtn¿¡í (;ì rllItr,, ntcriirrrn) .1 li:lrtirlr,r, (.1;t\,ij l)u,rlr,,/1ttl;lCliitns {0(ji.ltVítlr)rìl trJ ItOrü ll1,ril,l tìrrì,i1,,)1.r,,,/l
irla n i rru)



AfrìB^K 56 (t,r,4) s07-5tl (t978)

llcprirrtctl, rvith origiual ¡ugc nrrurbcrs fro¡n "lfrrr l\us.r,r,rr,r¡n¡ lourrner. or,
llxp¡:rulrutr'..r,r- lJr<¡r-<¡c;r.lxu ilfu,:¡'r;¡l Scltxcri,, \,'oì.'lc 56 (lii78).
ll ri c I C it tt t ittttr¡irr¿/iolr :

EFl.-lì(11'S Olr CIIAN(ìlÌS IN N'tg t t Jq¡¡ CONCIjNU]ìA'¡ION tJpON
lii\(lTlllllAì, INI llllt'l'lON ììy p-2..1.ilttllNyl,ALANINli IN

t)Li ti'lNUl) NIl,lt)tl\

lrr NLr tì't' J. llRO\VN ,r¡;n l)¿\\,Il) ìì. l,INlÌSÞ

( [iroru tìrc st'ttion of (]hikl llcaltll Lìcsc¡uch. l)cpartrrrcrrt of j)at,tliirtrics,
lT.i'r'rsit)' .[ r\u.kì.rr<ì sc.llt¡rl of \It,dicirre, Ârrr,lilar<1, N.r' zt,¿rlur<1. )

(,\tL't,¡ttcd f or prtltlicatiorr i\tnr¡ g, 1g78.)

Stttrttrrrrl', \'itlirltit¡lt irl tìrc irrlrilrition of glou,th ol li;¡¡:ltt,t,itltiu ¿-oll ¿¡r<l Slrigt,llu
s¡r. ìn rin'ious lllctìiir t'oltIairrirrg ¡]-2-tlticrrl,j¡l¿uril¡c l,¿rs attril¡ult,<l to rlillel.,c.t,s
itr c'onc,clltlntiols of \l¡¡ i I ions.

_ lì¿ìl)(ìorìì lrìrxrtl sarrtplt's flt¡rrr llg irrfants u,crc tcsted for t'ler,¡tc¿ ¡rlrr:rr¡,1-¡tliurinc in tlrt' Þlrcrrr llt'tt¡rrur ia (l,Kti ) sc,rct:rriug assiry. l\,tagrrcsir¡rr i¡. ¡,r,r,ls
also ¿tllectoil tllc rcsults oI tlris ussrt1,. 

^t 
0.()S g/l lf,i¡1S{),,'t1,., 

",,,,...,,,t,,,ti,,,,lttcst'ttt ilt crrtlltltt'rt,ilrl I)KLJ 
_tt.st irgirr.. f¡trr f¡lsc ¡t¡sitiyt,s ¡lctr,<[,tt,t.tr,<1, rvllilcl

tto lt'rtcìirtgs crrLrld lrt'r¡rittìt'<ìrro to rrvclglos,th t¡fìht,Ba¿:¡//rs,r,úljii,s tr,st str¿rirr
s hcrr thc corrcentrirtiorl rr'¿ts irrc,lt,¿rsetl to O. l g/1.

\l r lr:nl\t s \Nt) l\lr'¡ llolrs.

I'ro¡'nl¡¡¡¡, lttr I tltiltit[orr,,\s.:tt1¡s
()r'gorrisrl,r

St'r'trti ¡rt'tl t'ttlttnt's t¡ti Iì,scltt'ticltítL r'(,/¡ 05:;/ll(, 0sli,, llz. 0n f /Kg0 ol2i /l\g, slrigt,lltrlln¡tlii. S lltxrtcri lll S rru¡t¡r'i, S¡tlnto¡tt'llu l1¡¡tltittttrrirrttt, s. fr¡¡rlri. urrtl s. ¡rrrrrrrrl¿, isr¡lnl.tlflrllrl iltlitltt plttlltlltl1lir'¡rl slì((inr('rìs. rlllt' olrlirirrt'rl lrr¡rr l)ri',,,,rr'l\1,,',, llos¡ritrrl lì¡r.çlriìrl*,r.
.\rrt'Ll¿r¡rtl.

I N'f tì( ) I ) Lr( ;.1,I( ) N.
'l-lrc phcrnlrrltìrirì('¿urrlogn(,, p-2-tlricr¡r,lularrirrt,(/j_2_t), is usc<l in u r¡ríc,r.oìriul inlribitiorr

itssilr' <lt'sclilrt'd l¡r' (iutllrit' ¿urd Strsi 119(i;ì) to sclccn inf¿urt lrloocl sarrrlllcs fqr pKU. .I.¡is
stll¡stltltcc l)lollì()tt's It'lt¿tl 

-t'xt'rt'tiorr oI Dlrt'rr¡'ltlur¡irrc, ¿urrl i¡rhil¡its intt'sìirr¡l nlrs'r.¡rti.rr 
'fpltcrrll¡lanirrt'irr |itls ((ìo<lirr arrrl l.)olrrrr. lf)li7; \\'a¡rilir.¡¡rr<l Lifshitz, lf)24), rrrorrkr,),sj (l,ircsarrtl \\'aisrI¿trr. If)70¡ rrrtl b, l97ll) trrrl rrriur (Klips :rntl l,irrt's, lg72). It is lrt,i¡g c,rsirler.rrrllìr' r¡sc il thcrapr' ior. l)Ktt.

otrl irlrt'stiuirtiorls lti¡rt'sltosn Iltitt rrcnrllcrs ol tht'gt,nt'ru liscltericltkt urrrl S/rigr,/lrr t.arrlrc irrlril¡itt'<l bV p-!-t rtsitttl it tlt'firrt'rl nx'rlirrn (l)r,rrrirírr, lf)l51) ri,¡ilc Sulnttnrcllu artì .tlrcrgt'ttt'til. rttt<l"t'lllc sirtltt't'.rrtlitious, urc urrirfli,cterl (llr-os,n n,,,1 Li,,"r. ig7ri),,'¡'1..,, Dr(,s(,r)[str¡th <lctltils tllt'cllt't'ts.f tlillt'r'crrt t.rr.r'rtr.ti.rrs.f c,.rr¡r'rrcrrts of,ì,lfirr.tl l¡rt,<li¿r irr lrssl¡r,srlt'¡rt.trtL'nt uporì /J g-t inllilritiolr of lr¡rclr.rirr.

u l)rt'sr.rr[ ¡ttlrìrt'ss
\ust ¡ irl iir.

l)t'rriutrrrt'rrt,l l'irt'rlii¡trits, l,ìirrìt,r',,, t]rrivcr.sít¡,. lìt,rll,rrl l,irL srrrrlr
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Jtuinlt'nl¡tcc of st,oin\

(lultul.cs u.t,r.r, nrití¡lt¿rinerì on l)or.st,t ligg
strclkotì for isol¿ttion orr to ColLrrrbia,rg,rìl'-1
t.tinirrg !Í'. (u.,'r ) trvptorrt, (()roirì) ¿,,<l 0.gli;
assirrs, stl¿rilts u.r,rt, [¡iursfcrrctl to ¿r tlt,lirrcrl
colrcclllrutc (pcr- litr.c oI concclrtrttr,, 30 g K.,ll
| 5. Nu..S{).,; t(X) rrrrr \tuS(),.îtt.0r irl u,,.{(ia(il"-l)crrairr, 195î),

I ¡¡lti l¡ito r

,\rr (l 0l
ùtrtot ltrr irrg.

\l rrrlrrt'rrrs s.lrrtirrr .f:p-2 t (¡r2 thi.rr-r,r-r)1,-irr^rrirrr,, sigrrra) rr.s st.r.irizr,rr rrr

. \,s,lrrr¡ lrr't1irr

ir.r' i\linirlal Àft,diurrr (\/\lJ\l_l)r.rlrrirr, lf)57)
l):tvis irrrrl I\lírrgirrli. lg50) arrtl ¡r,.., ,l¡,,,r,,¡ i,',rl uatt'r' rvitlrr¡rrt Ìrt,atirrg, irrrrl lurklcllrvt,rl ¿rt
t¡c'osc solr¡tir¡lrs ryt,r'r, stt,r.iliscrl st,pr¡¡.¿tr,lt, rulrì

I ttl ril tit i rt tt u,t,:ur ¡

I'tot't,rlut<' Ittt lrKU St:rt,t,ttirtg t\ssutts
lìitlì(lolll lrl.rl'l-irr¡¡¡¡1'¡¡tittt'tl s¡r.t'irr.rr r'¿r'rts frt¡rrr I l2 irrl.rrts. i'rrì l2 sl¿rrlrìirrrl ¡rlrt,rryl.itlllllittt't'otltrol sitilt¡rlt's \\('r'('tt'stt'c[ rrsirrg tllt'(Jrthir'¿¡rrrl srsi (istcs'j',,,"tt,,,.t.

u its t'r¡rritl to or l{t.(,irt(,r. tlrlrlr tlr¿¡l .,r,.,,,,,,,,1i,,g
titili¡ts 4 ltg/l(X) trrl ¡tltt,rrr.ìalarrirrc.

l¡iVe itlt,ntit,¿rì tr¿rrs rr,,r,,1tr.t.¡rirrccl rrsirrll tìtr.s;iltìr,sl)(,(.itììr,ll t,¿u.tls..flr0 r,0llll.0l lrirvt'.rtttlirrt'rì rr, \lglìor'\t,.'5(),s.ltttirt. rr',,r,,,1,1,1,1 t. tìlc 4 ,.'ìr,,,i,,i,ìf ,r,ìlì ,,t crrrt.t,rtr¿rtirrs,f0 01. 0 0:2. 0.(,jr. rrr (l.l 1'71.

RI,ìSU t,'fs^.
lrrlriìrití.rr ¿rssiì\'\ 1"itlì /J'!-t rtt'r'r' tl.rr. rrr;irrg Vil\r arcl rrlrtlil,ir.tl Nll)]l (,I.ulrlt, I ).Iistltcticltiu ilrrtl s/¡i¡lr'//¡r rvr':t' inhilritt'rl i¡r \/\f\t, .,r.lrilc tl¡c sttltttt¡nt,lltt str.¿rirrs u,¡,r.t, r¡oI(llr.*rr trtrtl l-i¡¡t's, l!)î6) frl,¡.rlì[ic<l trll)\1,,,r.t'r¡f rht',r.r,rrris¡,s tcstc<l rr,¿rs irlríl;itr:rl( 1'ablc J ).
'l-lrt'tNrl ltrt'rliit *r't. t'ottt¡;att'tl t0 <k'tt'il¡lilrt,iI irrllilriti0r¡ r.r,irt,lioils ri,r,R.irfli,r,tt,tl lrv tll.('(ìr¡('('rt'.ti.. .f t,.¡r¡rrrrrr r.rrrrr¡r.rr.rrts .r. lr' tlrt, tlillt,r.r¡t 

",,,;;r;ìì,,;;;i; ì,ì,,r,,,,i.",ìr,,,.,,1ì1,lllitltt'<'rll¡t'r'llt¡atitllls ttI t.slt'tl t'rrtrt[,.rr,',,tr',,r]l,il,"'lìt'r,¡rirrg 
'tlrcr.r..rrr¡r.rrt,rrtr^ ¿r[ ¿r corst¿rì[ (jr)r-
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terrtrttion. it rrlrs fourtt'l thirl t'lt,rngt's irr urr,tlirun (ourl)()rì('tìls otlrlr tharr ì\1111 i,¡rr rlirl

'rot iìlx)lish ¡l-2-t irrhilritirlrr. \tgi i ion t,ilr'cts ¿u(,slìo\\n in'l'irlrlt'1.
Irr tl¡' (ìrrthi{' irssit\ ((;utlttic lrttì Srrsi, ll)(j;i), trorrr ol' llrr. I l2 spctirrrt'rrs rvrrs ¡rgsitiy¡

fol c'lcvrttt'tl plrt'rtvlrtìuttittt'irt trnvs corttitinitrg 0.0'01, or 0 02 ¡jil \l,qS()1. ¡\[ it lt¡rcr:rtt;rti¡¡r
oi 0 05 g, l \lgS0,, tllc lt'r'cl c¿rrtitittccl in (lutlrir"s rlrt'<lirrrn, ,l sarr¡rlcs girrr- posiIirl
ì(.ir(tions. \t ()'l q/l \lgSO ß. ¡ubtilíx o\'('r1{rr,\\ tlrc llt'rlirul irrrcl plrclrvlrrìiurirrl rlllr.¡rnirrl-
tiorts louìtl r¡rt lrt'rtr¡tlt'.

TAtìt E 2.

Itiltihitit¡n tut(tiott\ to p-2-tltiertilaluninc witlt inL'rcu,:ing ll4yt + iott ('otì('(nttetiutr

Mctlia (g/l lVlrrljO.r'7ll -{)¡+

xrI
0.0200

xilt
0 .01t00 0

XIV
.t000

iVl or lilìctl
ViVIM Mf)M

XV
0.2000

()r girn isnr

l:st'lrcritltlt toli
05) / ß-5

0tÌ(r/ lì7
0lr4i K9()
0l 271 llt{

Slti(rllo horttii
.\ltigt'lla l!(\ut t lll
SltiKllu w¿¡u'i
Sttltttonclh

t "^l';",".;"','t ' I'tttttt.tt t't,'.

,\' u I t t nut t I I t í ¡ p I t t t.tu

\t.rph ì)
,Su I ntt tnr' I lu Iilut0 nt0

0
\/l
0 t00

'l-
I

I

I

l-
-t-

xil
0 .0400
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I

l
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.1.

I

'_i,

l
1

i

I
I

-f
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t lnlribition (ìl' orgliuì¡srì1.

:! lìcaction til'trrgitttisttt l¡oltlcllinc.
Noll-irtlr il¡ititrtt ()l' orl-litrrisrr r.

'r'( (ìtì)itiìnl rìlcdiur'ìì c()nll)(rncnts: glucosc, l0 0000 g; l( rltl)O4, -ì 00{10 8i KlIrl'O4, I

(Nllr)rSO{.2'0()00 el :iorlirrur citrâtc,0 .5000 g; itLrar, 13 .5 g.
0000 g

I)llict,sSl()ì'i.

lnlrillitit¡n of qroutlr of 1"rr'/rt'li¿'/ti¿¡ antl Sltigtllu ot¡¡lrrisrrrs lr¡'11-l-t in cL'lilt:tl nrrrli;r
ir rrr,rcirsi¡rr.¡lr'¿¡llr'.'tt'rl irìr,'n thc cor¡r't'tttrlttiort ol: ì\ft{S()t 7ll"() i':ittt'tls 0 (}l(ìf) ¡1l1. A tlrr
l,rlrl irrr.rL'rrst' irr llris t'orrr','rrtr'¿tliort rrlrolisht's llrt' irrhilritirrg r flt't'ts ol li-2-t, !\/t i1¡ìiirru ol
corrr¡rlrri'lts tr:0'(Xì01 g is rrt'tr'ssirì'\', Iìs r gr¿t(ìiìt¡()l r;I rt'itctiorr frr>¡rr I (irrhillilirrn) io:1.
(lrrrrtL rìiirL') is lourttl ut \t¡¡!i(),'711,() tr¡ttt't'ttlr,tliot¡s lrt'tu't't'tr 0 01(X)-0'02(X.l g/l (llrou'l
iurtl l,int'¡ rr:r¡rrrlrlislrr.rl rlirtu)-'ì'lrr.t,llt'ct oi S(), ion lrt'st.rrt irl llrc s;rlt r,lrrr lrt'rlis<;orrrtlrl.
sirrt.t.t'r¡rt'rirrrt'nls rrsing sil¡¡il,rl cr¡rrrcr¡lrttiorrs o!: (i\llt)"SOr (li(l rrr¡t irìrr¡ìislr inlrilritiorr,

.\ rrr,,lirrrr sirrilin tr¡ \'\l\f for rJt'ttrrittittirtg ll. s¡tl¡lílis s¡rrrrt's (l)tnlirilr, lf,l57) hirs lrlcrr
rrrlrr¡llrl ln (ìntìuit, itntl Susi il!)(j;l) urrrl is rlist¡'ilrutt'tl t'orrl¡lr,rt'i¿llv rL:; "[)l(l '1 ,.'sl ,\q,tr"
(lllll,) ìn (ìrrthril rr¡ril Srrsi's ( lfXllì) rrrr'<lirrrr rlrrirrtitir.s ol:t'orrr¡rorrlrrts lurrc lri'r'n gtt'ittl¡
irltt'¡t'tl. u:; r,,rrrr¡rrrrt'rl kr l)r'rlrairr's (ll)ir7) oliginll {r¡r¡rrlutir¡rr ('l'ulrlr' Ì ) Â srrrrilrtr I¡,t'rli'n,r
trr (iutlrrit''s is rrs,,tì lrv tìtr'(lrn¡n¡nrilr llc¿rlth l)t'¡rartrrrort, Á.ucklalrd ltlcrli<'¡rl Stltool. t'xlr'¡rt
thirt rr "s¿rlls srrlutiou" (irrclrrding \lu i I iorrs) is dclt,tctl. '-l'lrci¡' itssav is at't'rtt'itlt' rlt'spitc
irrr.rcust.s irr t'onct'lllrrtinrr of iolic s¡rt'cit's otltcr tìrrrrr ì\'fg ì i ir;rr, tLs corrr¡liut'ri Io lJt'tnrrilr's
siirrr,'rir..tliirlt,'l'lit'pri'r,'rtl ¡iiist'ri'¿¡lii;tts ilriit i'lt:ur¡¡i,s il¡ riinli'r¡lt¡ttil¡i oI i¡tlit'i ir,its ilo ntil
llrolish ¡J-:Z t ir¡lrilritiorr sul)l)orl tlrlir lintlitrgs. lrrt'r't'using Nl¡1 1 i ¡,,', r'or¡('t'ntrulion to tlrul i¡r

tlrr'(ìrrilrrir,rrrctlirurr i0'05 szl iluSO,) r'orrlrl int'rlrrst.irLlsr'¡rositirt's rvlriclr, il rroi rliscorrrrlr'rì
lrr lt'pt'irt tlstin¡¡ or lrr rtnrino ¡t i<l itr¡itll'sis, nlrv rt'sulI irr initiirliorr of ttt'¿ttrt,'rrl fol i'Kt].
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It is srrggc"-tt'tl tlrat cflt.cts of itrc,rcirsirrg ltlgl--l i1¡,, <tn in til.t,t¡ l¡¿rctr,riul crrlttrr.r:s rnly
rcllcct in riuo ph¡,siokrgícnÌ statcs. Nlonítor ing of Mg.t- + jon lcvcls "-huulcl thcrcf,rr,, l>e
t'otlsirìerccl <ìrtring ¡j-2-t ¿rcìlllírlisttation 1o experirrrcrrt¿rl arriur¿rls or jn clinic¿rl trirls.

¡\cknoulctlgantt'rtts. We wish tO thirDk \,1r. l. I]. llOus-t0n anrl N,l¡s. lÌliznltetli L,iìln fr¡r
Guthric Tcstirrg. Nfr. 'f. Nlru tir frx supllì¡'irrr¡ ì¡actcli¿rl stlains, and thc l)cpar.tnrcnt 9f
Surger'1,, Aucklancl l\lcclicaì School, for use of erlrri¡rnrcrrt.

'l'his sturh' rvils ¡rirrtì1'strp¡roltcrl lry gr':urts fto¡n thc Nation¿l Chilclrer's llculth Ilescarr,h
Fottttcltttiott, Neu Zt'nlancl. itnd tlrc r\r¡ckllrnrl À,lccìic¿rl llc.sc¿rrch lÌt¡nnclltior.
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Effects of increasing Mg* * ion concentration on the pKU monitoring assay

K.J. Brownr, R.B. Elliott and D.R. Lines

Department of Paediatrics, School of Medicine, lniyerslty of Auckland, Auckland (New Zealand) and Department of
Paediatrics, Flinders (Jniversity of South Australia, Bedford Þark (South Australia), 29 May l9Z8

Summary. Inaccuracies in a commonly used bacterial inhibition assay for blood phenylalanine levels arise when the Mg+ +
ion concentration in the assay medium is increased. This has practical implicatìons in the diagnosis and -u"ug"-;"i of
phenylketonuria.

Gram-negative bacterial genera have been differentiated
according to inhibitiln reactions to ß-2-thieîylalanine
(p-2-f) ín a plate assay2. When the defined medium3 used in
the inhibition assay.was compared with the medium of
Davis and Mingiolia, it was found that inhibition was
abolished for all genera in the latter medium due to
increased Mg+ + ion concentrations.
The effects of incréasing Mg++ ion concentration were

equal to or greater than that surrounding a control disk
impregnated with blood containing + mgt I00 ml phenylal-
anlne.

Plate A

assay6. Although normal human levels of phenylalanine are
0.8-1.2 mgl100 ml7, PKU blood samplês arê considered
acceptable if in the range of 6-12 mgl100 ml in our clinic.
55 monitoring samples from PKU patients were tested in
5 duplicate Guthrie assay plates to which 0, 0.01, 0.02, 0.05,
and 0.1 g/l MgSOa were added, respectively. Of 28 samples
which read 6 mgl100 ml phenylalanine or less in the
control plate (0 g/l MgSOa), 3 s
greater than 4 mg/100 ml on pl
0.1 g/l MgSOo. while giving
4 mg/100 ml on the control plate. Increasing of MgSOo to
concentrations of 0.05 and 0.1 g/l resulted in decreasing
differences between adjacent control samples in a seriei
containing 0,2, 4,6, 8, 10, 12 and 20 mgl l0'0 ml phenylala-
nine. As test sample phenylalanine concentrations were
determined by comparison with the control series, determi-
nations were made more difficult under conditions of high
Mgt* ion, than in the plates containing O-0.02 g/l MgSóa
(fïgure).

Inaccurate readings in the Guthrie assay can lead to
incorrect treatment regimens. In the screening assay, posi-
tive samples should be checked by an additional method6.
False positives, if not discounted by determination of
phenylalanine levels by amino acid analysis or by retesting,
could result in initiation of treatment for PKU5. In the
monitoring assay, PKU patients with near-maximum ac-
ceptable levels (10-12 mgl100 ml phenylalanine) could be

0 2 4 6 8 10 t2 20

Plate ts

ylalanine are included in the medium. The control series of blood_
lefr,0,2, 4, 6,

5 g/l MgSOa, the
o diffe¡entiate in
more difficult to
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unnecessarily restricted in protein intake, ifinaccurate high
readings are obtained. Blood specimens from pKU patients
containing less than 4 mg/ 100 ml phenylalanine, which are
incorrectly assessed as greater than 4 mg/100 ml, could
result in dangerous overtreatment, which could lead to

I Acknowledgments. We would like to express our appreciation
to Mrs Elizabeth Linn for Guthrie testing, and to Miss Gwen
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treated mice (Miller and Bohnhoff, 1963). B-2-T treatrnent might be expected to
n vivo þ-2-T treatment
erial flora are affected,
a pathogen to be more

invasive.
Such studies then would be useful in confirming or denying indications that B-

2-T should have little effect on host intestinal bacterial populations in vivo.

Mlr¡nr,qrs ¡.Nn Mnrnops

Animals
18-25 g specific pathogen free (SPF), cBA (brown) and cD (arbino) male

mice were obtained from the breeding colonies of the Animal Laboratories,
Auckland Medical School, and maintained on Diet 86 (N.2. stock Foods co.,
otahuhu, N.Z.) (estimated Phe - 0.821 or dry content), and water, ad libitum.

Inhibitor
A 20 mglml (0.12 n) p-2-T anine, Sigma Chemical

Co., St. Louis) was prepared in distilled water, then
solubilizing and sterilizing by 15 min. Solutions were
maintained at 4"C, and warmed to room temperature before use.

Dosage of the analogue

hageally using a
(Intracath, Dese
toasterilelml
Deland, Florida)

(350 mg per kg and per day) was fed to each of four animals in a challenge series,
daily for 7 days. The other four animals of each challenge series were fed the same
quantity of sterile distilled water.

Reported dosages of p-2-T used in other species include daily regimens of
187.5 and 750 mg/kg in monkey studies (Lines and waisman,l970b;1973) and,
20 mglkg in human Phe loading experiments (Krips and Lines, 1972).

Bacterial strctins

' Serotypecl cuhlires of sqlmonella typhimurum and shigetta flexneri rrr were
obtained from the Princess Mary Hospital for children, Auckiand, from infant
pathological specimens. Strains et Egg Medium (Dor_
set, 1902), and transferred to /v) tryptone (Oxoid,
London); and 0.9 f (w/v) NaCl nts.
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S ct I nton e I I ct t y p lünu r iurtt c h ct I I enge s e r i e s

Sctlntonellct typhinturiutn were fed to groups of eight auimals treated with B-2-T
or distillecl water. Gi'ottps of CBA mice received 103, 104, l0s, 106, 10? or 108

cells suspended in 0.25 ml peptone water', by tube, on the next-to-last day of the
a î 'T' f--.lin- ^o"inr{ T-lifferenceq in colonization hetween Dathosen dosase

levels, were Çonfifmed using gloups of CD mice. The number of bacteria present

in the inoculum was determined using a standard growth curve defived turbi-

climetrically. at alì absorballce of 450 nrn, using a spectfophotometel (Spec-

tro¡ic 20, Bauscl.r and Lomb, Rochester, New Yolk) (Brown and Lines, 1976).

Half of each expefimental group (two B-2-T-fed and two water-fed animals)

was killed by cewical dislocation 24hafterbacterial challenge, and the other half
(two from each group) was killed at 48 h. A 1 mm cube of splenic material was

taken for histological examination. The remainder of the spleen, the small

intestine, and the large intestine (including the caecum) was removed, cut into

segments, and each organ placed in separate McCartney bottles containing 8 rnl

ol sterile, phosphate-buffered saline, pH 7.2. The bottles were immediately
t..^^,t:.-^,.:^^tr^rl, -l-Lnnrc¡n",''^"nhnmnao¡ized,-r,,iththeho!lleSOlaCedinan

plaLgu lll4ll tLL u4Llt. I rrL ut óq¡¡J (l¡v vvrr¡vv I

ice bath, \.vith an "Ultra Turrax" homogenizer (Janke and Kunkel, Staufen i.

Breisgau, Vy'est Germany) at the top speed setting.

The homogenates wefe diluted 10 - a in sterile buffeled saline, and 0.1 ml of the

dilutions was spread on Macconkey (MAC) (BBL, cockeysville, Md), Brilliant
Green (BG) (Oxoid a (S-S) (BBL), and Bismuth

Sulphite (BS) (BBL) incubated for' 48 h at 3J"C'

One tenth of a ml as also used for inoculating 8

ml of tetrathionate enrichment broth (BBL), which v/as incubate d af.37 "Cfor 24

h. The tetrathionate broths were then diluted 10-2 in buffeled saline, and

spread-plated in duplicate on the same media ¿ìs the non-enriched samples. 'l he

dilutions were made so that isolated colonies could be both quantitated and

picked for serotyping. comparable numbels of positive plates were detected

with this method, and with the usual non-quantitative method of streaking

tetrathionate broth samples for isolation, on the same media. The Sqlntonella

Í7,phinuu'itmt challenge strain was platecl on the same media fol comparison of
colonial nTorphology. Suspected Salntonella isolates were confirmecl by serotyp-

ing with Sctltnonella O agglutinating sera (Gloup B, factor 4, Wellcome Labora-

tories, Beckingham, U.K )

Shige I la.fle xner i I I I c hcr llenge ser ie s

Mice treated with B-2-T ot watef were challenged with Shigella J'lexneri III
wirh rhe

a, before
e Citlate
Shigella

flerneri a,ntiserum [Wellcome, Flexneri Polyvalent (1-6' X & Y)]



BACTERIAL COLONIZATION OF P-2-T-TREATED MICE 535

Streptomycin

Spleen hístology

R¡surrs

Bact er ia I c o loniz qt ion

typhimurium. No Salmonella baclería were de_
animals from the mouse colonies. The increasing
ium in logarithmic increments to groups of micã
ofthese bacteria detected on dilution piates fromorgan homogenates (Table 1).

No s. typhimurium were detected in animals challenged with 103 or 10abacteria. At a dosage of 10s bacteria, one animal
positive sample in tñe tetrathionate broth-enrich" ;lä::Both animals had been killed 24h after challenge. onella
bact.e.r.i2, one "24 h" B-2-T-fed mouse, and two water_fed mice (one ,,24 h,, andone "48 itive in a singlc tetrathionate bro[h-enricheà large intestinesamPle, iched large intestine a
tively. A 107 bacteria, samples f2-T-fed positive. At this leve
positive as compared to single posi
bacteria. At 10s bacteria in the òhal
enriched large intestinal samples w
positive samples noted in non_enri
riched and non-enriched small intestinal samples. only one positive sampre wasdetected in the enriched and non_enriched spìeen .u_þI"r.

In the total series, no obvious difference was noted between colonization ofwater-fed or B-2-T-fed animals by s. t himurium. In a matching series, nonoLable difference was f'ound between the two mouse strains used as regards
S almone lla colonization.
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Tabtel.PositivecolonizationsampleswilhSalnlonellalyphimurium

Samples Number of bacteria in challenge dose*

No streptornYcin treatment

103_104* l0s
¡ r. 

-:^^ì 
// '-:^-\t r¿ ilrçu/ \r ¡rrrvv,

10? 108

14 micel 18 micel

StreptomYcin3
50 mg

103
(4 mice)þ-2-

fcri
ThienyLalanirte 106

Small intestine
Small intestine Tr
Large intestine
Large intestine T
Spleen
Spleen T

Wuter fed (12 rnice) (4 mice) (4 mice) (4 mice) (8 mice) (4 mice)

0

0

0

1

0

0

0

0

0
0

0

0

l6%'

0

0

0
1

0

0

l6%

0

tlte%
tlt3%
1le%
0

tl2s)1

4l2s%
sl44%
6ls3%
8lr0o%
0

3138%

0

zl3t%
tlle%
0

0
) l)\o./

Small intestine
Small intestine T
Large intestine
Large intestine T
Spleen
Spleen T

0
0

0

rl6%
0
0

0

0

0
0

0

0

0

0

1

0

0

l6%t6%

r13%

0

0
1

0

0

0

T lso%
J lo) /o
8l8r%
8le7 %
3128%
4147 %

1t1< ol

1lzs%
tl25%
3ls6%
0

rlt3%

tT: edcultures.
, alb; sitive for Sa/n were positive (duplicate

piates for four mice
3 4 of of 4 water-fed least one sample'

-^*-l^- ,',:tÁ aL;¡alltt llottt¿ri l-l-l-
I abte 2. PoslLIVe cololll¿atrurl sdlrrPruù rrrr. J'r'ór¡¡sJ¡\'

Samples Number ol bacteria in challenge dose*

No streptomYcin treatment 50 mg streptomYctn

þ- 2- t h ieny i u I ur rirte fed 104, 10s, 10?*

(12 mice)

108

(8 mice)

104

(4 mice)

Small intestine
Large intestine
Spleen

0

0

0

rl4%'
sl46%
0

1lt7%
2133%

(12 mice) (8 mice) 4 mice)
Woter fed

Small intestine
Large intestine
Spleen

2l13%
4130%
r18%

0

0

0

rlzs%
)142%
0

1 afb; a : number olanimals positive for s higetta,b:. /. of positive plates (duplicate

*"Cu : 24 plafes for four mice and 48 plates for eight mice)'

plates ofthree
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Colonization by Shigetta flexneri

tinal tract of,the tested molse strai
with the salmonella_challe
numbers of B-2-T-treated a
teria were detected first in
finally, in the spleen.

t't treatment. p
th Salmonella
mouse gastroi

rn streptomycin treated mice resulted
between those of non-streptomycin
bacteria (Table 1).

ge of 104 Shigetta flexneri III was
non-streptomycin treated animals

hígella, there was a marked difference
mycln treated animals as regards bac_

other bctcteriar isorates. Most common of other bacterial isolates were proîeus
s aeruginosa and Klebsietla ,¡,4. No ob_
types ofbacteria recovered or numbers
tes from water_fed or B_2_T_fed mice

ged with low_pathogen inoculi.
ic bacteria, there were more lactose_
both control and experimental animals

ml at low pathogen
towards recovery of

growth (neither pathogens es without bacterial

and towards pluà, .''ìtr, p,, ?i'"1ïff";10"''
. Gross changes. As compa h tended to steadily

d weight nuctuations .lÌåli,:î:ä:î
re was no significant difference noted
(:"ä1, 

;, 
*,ï'.i 

;ïÍ;;,1 iÍi *;
;:å ffiîli' :;ffi:'i:Ti ff :îs #

At a dosage of Salmonellabacteria of 1
signs of illness,
challenged with
after streptomy
holding period.
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Fig. 1

a. Mouse spleen, 48 h after inoculation with 703 Salmonella typhimurium,few polymorphonuclear
leucocytes.in red pulp areas. Haematoxylin and eosin, x 3g4.

b 10ó S. Qphimurium,focal or almost focal collection of polymorphonuclear leucocytes in red pulp.
HE, x 96.

c. 108 S. typhimurium, focus of polymorphonuclear leucocytes. HE, x 3g4.

ed watery stools and enlarged caeca. Signs of
3 Salmonella plus streptomycin animals as in
ts.

statistical analysis. Data were aîalyzed for 2 x 2 tables using the log-
likelihood ratio test (G-test) for independence, and the yates correction ,,vas
employed (Sokal and Rohlf, 1969). Analyzed were
which a pathogen colonized of the total nunber of
number of plates positive for that pathogen for a
factors.

when the numbers of animals charlenged with pathogens at various dosage
levels were analyzed level by level, and also when total numhers of mice from all
pathogen dosage levels were pooled, there was no significant difference between
the water- and B-2-T-fed groups regarding ability of either salmonella or shigetta

I

t
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Fis 2

a. Mouse spleen, 48 h after inoculation with 108 Shigello flexnzli III showing few giant cells in red
pulp areas Haematoxylin and eosin, x 96

b. 108 Salntonellcrtyphinturiunt, largenumbersof giantcellsinredpulp,HE, x96.

c 108 S. typhimurium,large numbers of giant cells, HE, x 384.

to colonize the gastrointestinal tract (i.e. G : 0.I2:o( > 0.05, for pooled Shigetta
experiments).

Differences between numbers of positive plates noted for water- and p-2-T-fed
animals challenged with pathogen were not significant at levels of 103, 104, 10s,
10ó, or 108 Salntonellabacferia. The difference in numbers of positive plates was
significant for a dosage of 101 Salmonella (G : 19 .295; or < 0.01). No significant
differences \,vere noted for numbers of positive plates when all salmonella dosage
levels were pooled (G : 0.041; ü > 0.05). No significant difference vvas noted
between water- and B-2-T-fed groups for either individual shigella dosage levels
or for when all Shigella dosage levels were pooled (ø > 0.05).

Pretreatment of mice with streptomycin significantly increased colonization
of both Salmonellct and Sltigella bactetia, both for the number of animals col-
onized at a particular dosagc of pathogcn (104 Shigetla, C : 5.17;u <0.05;
and 103 Salmonella, G : 10.47; or < 0.05), and for the numbers of positive
plates detected (for both Sligella and Salmonella,a < 0.01).
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HisLologicul effects
No obvious histological changes were noted in spleen or liver specimens taken

from animals fed p-2-T or water, but not challenged with pathogens.

With increastng Salmonella challenge, there were collections of polymorpho-
[uclear leucocytes ln the "red pulp" areas ot the spleen (t'19. l). No necrotlc
lesions or obvious bacterial concentrations were noted. There alsc was a ten-
rlan¡¡¡ +nr¡rarrl" o- i-^"ooco ì- -rrmharc nf aienf npllc nnccilrlr¡ meoql¿qrr¡nn¡rfeq!rv¡¡vJ !v

noted in the led pulp areas (Fig. 2). In some experiments, increased peri-arterial
sheaths and slightly less prominent germinal centres were noted, but differences
were not consistent throughout the series. There were no differences noted
between spleens of animals fed water or B-2-T.

No consistent splenic changes were noted with increasing dosage of Sltigella
bacteria.

DrscussroN

Mice treated with B-2-thienylalanine appear to be no more susceptible to
intestinal colonization by Salmonella typhimuriunt ot Shigella /lexneri III than
controls fed water. Pretreatment with streptomycin greatly increases the ability
ofthe two pathogens to colonize whether or not p-2-T is present. B-2-T does not
therefore appear to mimic streptomycin in seriously affecting the indigenous
gram-negative intestinal bacterial population s"

A post-mortem on a monkey which died of Shigella gastroenteritis in the study
of Lines and Waisman (1973) "revealed findings compatible with only that
dioonnciq" ond "inenrnnrqfinn nf R-?-T infn nrnfein r¡¡qs neolioih'le" The nrc-

sent studies also suggest that any appearance of Shigella gastroenteritis in cxpe-
rimental animal populations would not be due to therapy with p-2-T.

Diet 86 contains sufficient Phe fol normal rodent growth. No attempt has

been made to remove Phe fi'orn the diet because B-2-T has been shorvn to be

"-.hl^ rn ranlonp Þhê ^r mpf hinnina in rnrlanl ¡liolc (rltt \/icnoorrd pl al lA¿5'(v reP,qçe

Ferger and du Vigneaud, 1949), and because a diet for PKU patients which does
not contain sufficient Phe fbr growth requirements can lead to impailed cerebral
development (Berman, 1971; McKean, l97I; Ampola, 1973).

The present in vit,o results suggest thal þ-2-T does not aid in increased col-
onization of the mouse gut by either "inhibiLed" (Slligellct) or "non-ínhibited"
( Salmonella) bacteria. These results also indicate that the effects of þ-2-T in vivo
are more closely related to the in uilro concept of transport of B-2-T acloss
bacterial membranes being slowed by diffusion in solid media, activating pro-
tective factors in the cell which reduce growth inhibition; than to a concept of
rapid passage of B-2-T across bacterial membranes, such as occurs in liquid
media (Brown, Tannock, Elliott, and Lines, in preparation).

Tn the present studies, no difference has been noted in the numbers ol types of
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bacteria isolated between p-2-T-fed and water-fed animals. Coliforms, which are
inhibited by þ-2-T in defined media without Phe or increased Mg* * present, are
still detectable in treated animals in the same numbers as in control animals. In
preliminary experiments in guinea pigs, when Escherichia coli 0261B,6 has been
used to measure colonization, no differences have been noted between water-fed
and þ-2-T-fed animals (unpublished results).

Bismuth sulphite plates from enriched samples have proved the easiest to
assay and show the greatest numbers of Salmonella recovered in murine experi-
ments with overwhelming infections. In animals with lesser infections, neither
enrichment nor any single medium contributes to detection of larger numbers of
salmonella-positive plates. The use of sixteen plates per homogenate, represent-
ing duplicate plates of four media from both enriched and non-enriched samples,
has proved the greater safeguard in detecting small numberc of Salmonella.

Weight loss due to reduced food intake, has been reported in rats fed solid diets
containing p-2-T (du Vigneaud et al., 1945; Ferger and du Vigneaud, 1949).
Kaufman, Klavins and Kinney (1961) have reported weight loss in rats fed B-2-
T, but have not detarled daily quantities of food consumed. Many of their
histological findings in animals treated with p-2-T are noted by them to be
similar to the effects of phenylalanine deficiency (in testis, bone, thymus, pi-
tuitary, thyroid, seminal vesicles and epididymis). Among the effects noted that
are not similar to those of Phe-deficiency, are changes in the liver (vesicular
nuclei and prominent nucleoli) and the spleen (decrease in size of Malpighian
corpuscles, decrease in mature lymphocytes, and prominent reticular cells). In
our series, in which mice have been fed B-2-T by oesophageal tube, there has been
no consistent weight loss, and no difference in weight gain noted as compared to
water-fed controls. We have observed no pathological changes in liver or splenic
tissues. These differences, as compared to the results of Kaufman, may have been
due to the difference in animal species used (rats vs. mice), or due to a shorter
feeding period in our study. However, many of the histological changes reported
may have been due to amino acid deficiencies resulting from greatly lowered
food intake. Lines and Vy'aisman (1913) have suggested that p-2-T is distasteful
to infant monkeys. Vy'e also have found that mice show a distaste to B-2-T when
they are allowed to voluntarily drink the solution. Animals seem to tolerate the
dosage better when the p-2-T is completely dissolved by autoclaving as com-
pared with when it is fed as a particulate suspension. p-2-T-treatment in the form
of coated tablets or in gelatine capsules may be indicated in future human trials,
to reduce taste problems.

Freter (1956) has fed mice and guinea pigs both streptomycin-resistant Såig-
ella bactetia and streptomycin solution at the same time, and has been able to
recover bacteria from faecal pellets. However, he has neither been able to recover
Shigella bacteria in faecal pellets from orally infected micc not treated with
streptomycin, nor has he noted any gross symptoms of disease in such mice. In
our series, by assaying homogenates of the large and small intestine and spleen,It

I

l
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rather than faecal pellets, Shigella can be recovered from halfofthe animals fed
108 bacteria with no streptornycin therapy, as well as from the streptomycin-
treated mice challenged with 103 or 104 bacteria. Also, one animal has died of the
infection in our series. Our series, in which streptomycin is given on the day plior
to Sirtgeiia infection. shows simiial resuits to one of Freter's experiments invoiv-
ing challenge of mice rvith both streptomycin-resistant Shigello and lesistant ,4.
rnli ]J/eqlcnhar¡efnrrrrrlfhqf nrrrnnn-recic!cnilhi¡ollnnqnhcrennrrererlinlotoer

nur¡.bers fron 24 h animals, as compaled to animals killed 48 h after infection
(both water- and B-2-T-fed groups). The reverse situation occurs with Salmo-
nella, as increased numbers of bacteria are found in 48 h sarnples. Like Freter, we
have found increasing numbers of coliforms with increasing time after infection,
and some "sterile" samples. Fleter has indicated that coliforms are strongly
antagonistic to Shigella infection ìn vìvo. Similarly, our findings indicate that
indigenous intestinal bacteria are still protective against infection by pathogens
in the presence of B-2-T.

Several studies have shown possible tera{.ogenic effects related to B-2-T treat-
ment of organ cultures (Fabiny, 1959;Kollar, 1968;Kollar and Baild, 1968;
Baird and Verrusio, 1972). ln all of these studies, any toxic effects have l¡een
reversed by equimolar or greater concentrations of Phe. In both the study of
Lines and Waisman (1973), involving in vivo ttealment of infant monkeys undet
conditions of elevated blood Phe; and in the present study, in which dietary levels
of Phe have not been increased, animals fed p-2-T have shown normal growth as
compared to control animals, and no histological changes have been found in
examined tissues. Damage to host tissues may therefore prove negligible during
B-2-T treatment of phenylketonuric patients.

We wish to especially thank Drs C. Teague and M. James fol help with
histological observations; Mrs Dianne Geraghty for histological prepar-ations;
Mr B. Edgar for statistical analyses; the Departments of Surgery and Pathology,
Auckland Medical School, for use of facilities; and Miss Gwen Leonard for
typing of the mannscript.
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1. Introduction 2. Materials and Methods
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B-2 -Thienylal anne (B'2 -t), a phenylalanine (Phe)

analogue which competes with Phe for uptake in

mammalian systems [1-5], is being considered as a

treatment agent in the management of phenylketon-

uria (PKU). As part of the safety testing, effects of

B-2-t onindigenous and pathogenic intestinal bacteria

are being investigated in vitro. B-2-T displays antimi-

crobial activity in plate assay against pathogenic

Escherichia and Shigella [6], and also Bacillus f7f ,

caused by false feedback inhibition of Phe biosyn-

thesis [8]. These genera can be made insensitive to

ß-2-t n plate assays when additional Mg2* is added

[9,10] . However, antimicrobial activity can vary

when measured in agar-solidified media, as compared

to liquid media assays Ul,l2l.
In this paper, growth of Salmonella (not inhibited

by ß-2-tin a plate assay [6,9]) is compared with
growth of Escherichia and Shigella (inhibited in the

plate assay), in three chemically dehned, liquid me-

dia. Zn2* levels in prescribed PKU diets are lower

than those in diets of non-PKU chjldren (Lines, D.R.

and Brown, K.J., unpublished results). Tyrosine (Tyr)
is not synthesized from Phe in PKU patients because

of a deficiency of phenylalanine hydroxylase, and

must be supplied in the diet [13,14] . Therefore, in

addition to Mg2* and Phe, the effects of Z¡2* and Tyr
on P-2-t-bacterial growth interactions are evaluated.

2.L Strains

Escherichia coli 086lB6, Shigella boydü, and Sal-

monella typhiwerc obtained from Princess Mary

Hospital for Children, Auckland as serotyped cultures

isolated from infant pathological specimens.

2.2. Culture maintenance

Cultures were maintained on Dorset Egg Medium

[ 1 5 ] , transferred to peptone water l2V" (w lv) tryp-
tone (Oxoid, London) and0.9% (w/v) NaCl/ll, and

incubated at 3'7"C until growth reached O.l Aa,so

(2 ' 108 ceils/ml) [6] , measured with a "Spectronic2}"
spectrophotometer (Bausch and L.omb, Rochester,

NY). 0.5 ml of logarithmic phase cultures was then

transferred to a dehned diluent [6], grown to 0'l
Aa5s aîd transferred to defined media.

2.3. Test reagents

Aliquots of aqueous sterile solul-ions of 0.01 M

ß-2-r (ß-2-thienyl-oL-alaníne, Sigma, St. Louis, Mo.);
Mg2* as 10 g MgSOa/l;Zn2* as 5 gZnSOall;5 g Phe/

1;and I gTyrll, were used in assaYs.

I
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2.4. Líquid culture experimental procedure

Cultures were grown at 3i" C without shaking in
three chemically dehned media not containing agar -
Vegetative Minimal Medium (VMM) [16], Medium VI
[9], and Mirimal Defìrred Medium (MDM) tlTl
(Table 1). A complex medium, Trypticase Soy Broth
(BBL, Cockeysville, MD), containing about 0.76 g

Phe/l and O.45 gTyrll [18], was used for comparison
studies. 5 ml of sterile medium with test reagents
added, were inoculated in duplicate or triplicate with
1^^^-:LL,^-t^,-1-,--iogaritr'rillic pirase cuiiures, and turbidity was mea_
sured directly in the sterile test tubes [19]. Measure-
ments were made at 3 or 4 hourly intervals, for 48 to
60 h. Different species of the same genus reacted sim-
ilarly in plate assays [6], and grew similarly in liquid
media (unpublished results). Therefore, representative

cultures ofthe genera Escherichia, Shigeila, and Søl_
monella were used in the present studies.

3. Results

3.1. Normal growth in three liquid defineri media

In plate assays, all three qenera srown on MDM
(0.1 g MgSOa ll), are not tnhtbited Éy B-2-t,but
Escherichia and Shigella grown on VMM or Medium
Vi (both 0.0t g MgSO alt) are inhibited [9].

With liquid media cultures, higher maximum
growth was attained by all three genera in MDM, than
in VMM. Growth was intermediate in Medium VI
(Fig. 1). Medium VI [9], derived from MDM [17]
and VMM [16], contains the same components as
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Fig' 1' Growth of cultures in MDM (0.1 c Mgso+/l), Medium vI (0.01 g Mgsoa/l), and vMM (0.01 g Mgsoa/l) with no p-2-t. tnall figures, lines represent thc mean of two or three identically inoculated cultures. Readings *"." rllud" ut 3 or 4 hourly intervals,for 48 to 60 h. In all figures, E. coti C86IB7 (- - - - - );.ç. typhi (-_); S. boydü (_ _ _ _).
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TABLE 1

Mediurn components

a All media pH 6.8 7.0.
b Autoclaved separately and added to tho cooled medium.
c "Salts solution".
d Modification for tlÌe present studies. Twice this concentra-

tion of agar (25 e/l) was used by Demain [16].

MDM, but at the same concentrations as in VMM
(Table 1). Medium VI,like VMM, but unlike MDM,
allowed É-2-t inhibition of growth of Escherichia and
Shigella (but not Salmonella) under both solid [9]
and liquid growth conditions, and allowed for better
growth of bacteria in liquid cultures than did VMM.
Medium VI was therefore employed in a further series

of experiments.

3.2. Mg2* effects

It has been found that in agar-solidified Medium
VI, which contains 0.01 g MgSO afI, Escherichía are
inhibited by )50 pl 0.01 M P-2-t,whlle Salmonellq
are not inhibited even at h1{n ß-2-t concentrations

[6]. Neither genus is inhibited when the MgSOa con-
centration is increased to 0.1 g/l [9].

In liquid Medium VI, in contrast, growth was sim-
ilar at the two concentrations of Mg2* with no B-2-t

present (Fig.2), while bothÉ'scherichia and Salmo-
nella werc inhibited by B-2-I (delay in onset of loga-

rithmic phase; tendency of the curves to become
linear) (Fig. 3). As the B-2-t concenLration was
increased (Fig. 4), inhibition of both Salmonella and
Escherichia increased, unlike the plate assay, in spite
of the higher Mg2* concentration (Fig. 3). However,
there was a difference between inhibition by B-2-t in
media containing 0.1 g MgSOa/l (less inhibition), than
in those with 0.01 g MgSO4/l (more inhibition) (Fig.
3), for Salmonella and Escherichia cullures.

3.3. Effects of Phe, Tyr, and Zn2* in liquid media

Concentrations of Phe (0 to 20 mg/100 ml), typi-
cal of blood samples from PKU patients, were studied
for effects on A-2-t inhibition. Growth of Escherichia

was similar ìn media containing 0, 1,5, 10, 15 or 20
mg Phe/100 ml medium. Growth was also similar
within each series of Shigellø or Salmonella cultures
(Fig. 5). Growth inhibition was abolished for all three
genera atÞl mgPhe/100 ml, and growth was corn-
parable to that of cultures with no 0-2-t (Fig. 5).
Delaying the introduction of Phe n P-2-t treated cul-
tures by >3.5 h, resulted in curves similar in shape to
normal growth curves (no B-2-t),but displaced to the
right along the x axis (not shown). Tyrosine (10 mg/
100 nrl) was also able to abolish inhibition (Fig. 6a).

Although serum zinc levels in PKU patients are within
the "normal" raîge, many patients on low Phe diets
receive less than the recommended daily requirement
of this essential mineral (Lines, D.R. and Brown, K.J.,
unpublished results). Zrf* (lO mg ZnSOa/100 ml),
however, had no effect on inhibition (Fig. 6b).

3.4. Complex medíum effects

By substituting trypticase soy broth, a complex
medium containing both Phe and Tyr, no inhibition
was noted on assay plates, and no inhibition was ob-
served in liquid media, even at ht$ P-2-t concent¡a-
tions (not shown).

4. Discussion

In the present studies, using liquid media, both
Phe (Fig. 5) and Tyr (Fig. 6a) were protected for bac-
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terial genera both "inhibited" (e.g. Escherichia, Shi-
g ell a) and "non-inhib ite d" (e.9. S alm o n ella) in the
Brown and Lines [6] plate assay. Our recent studies,
in vivo, have shown that mice t¡eated with B-2-t arc
no more susceptible to colonizationby Salmonella or
Shigeila than are water-fed paired control mice [20].
It is suggested from the present studies that Phe and
Tyr would contribute to protection from growth
inhibition by stabilizing the gastrointestinal bacterial
populations in mice, and presumably in PKU patients,
treated with 0-24. As Znz* had no effeú on B-2-t
inhibition of bacterial growth in the present studies
(Fig. 6d), lowered zinc levels in PKU diets would not
appear to be harmful in regard to ß-2-t effects on bac-
terial growth. By increasing Mgt*, É-2-t inhibition in
plate assays is able to be abolished [9]. In the liquid
media studied, increasing the Mg2* did not prevent

inhibition of growth. However, for both Escherichia
and Salmonella, delay in onset of logarithmic
growth phase was somewhat reduced at higher Mg2*

concentrations (Fig. 3). Controlling the Mg2* levels

in PKU patients could play a more subtle, yet appre-
ciable role, as compared to Phe and Tyr concentra-
tions, in preventing inhibition of gastrointestinal bac-
terial growth by p-2-t.
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The phenylalanine (Phe) analog, B-2-thienylalanine (p-2-t), can compete for
uptake with Phe in the simian kidney (29) and intestine (so), aná in the rat intestine
(17 , 36) . It has been used in the tre atment of experim.à,uí-nyp.rphenylaraninemia
in neonate simians (3 I ), and in short-term phe loaàing 

"*p.ri*".rt, in human phenyr-
ketonurics (27). p-2-t is therefore being consid.r.á u, a treatment agent in the
managenerìt of phenylketonuria (pKU).

As part of the safety testing of the analog, we are investigating the effects of

603
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agar- Noble (Difco) and Davis agar (Davis Gelatine (NZ) Ltd''-Christchurch' N'Z')

were added to VMM and Medirim if ø. use in the Èro*.t and Lines (2) inhibition

suspended in 300 ml of distilled water'

t x å .- blocks, suspended in I liter of

5 mì/min for 24hr in an Amicon Model

ington, Mass.) fitted with an Amicon

was .onnected to a 12 liter capacity

pressure ball frlled with distilled water. 'I'hc ceii contents werc slirie'i ai thc slo'¡est

attainabie rate during the washing procedure' The rt'ashedagar blocks were weigh-

ed, anci one-frfth oÍ'the i-oial u¿ã"¿ to l'{edium VI or VMM salts for 200 ml of

medium,broughttoavolumeof200mlwitldistitledwater,andautoclavedatl2lC
forl0min.Theremainderoftheagarblockswassuspendedinlliteracetone,and
stirred with a magneti; spin-bar fo.*2 h.. The acetone was decanted and replaced

in turn with 100/o ethanol, and six changes of distilled water' The solvent-washed

agars were then added to fresh media, autoclaved, and used in the plate inhibition

assay.

Agar PIug Difusion Cul'tures
study cf-elay of contact of inhibi-

pensions in the liquid medium'

) agar medium, with or without
00 mm culture tubes, and then

.,, J1 îå'îij i'ä *.,î Jff . J iliS: 3.llx:

.5/" (w/v) agar in Medium VI] before intro-

(4.3 ;l) ' 
' 

A t"b" with an agar plug and wìth

for calitration' A plug consisting of 0'7 ml of

^^^- --.li,,m in the hottom of the tubes, d.id not interfere with spectrophotometric
4Ëd1 ¡¡tusrs¡ "t '-^ -- '

readings.
Therateofdiffusionorþ-2-tfromagarplugsintotheliquidrnediumwasmeas-

"" ï3'î'J::îl;ï:""iÍ"'-î;;:'Ï:r;:i ii?:
Act' 25'5 mCi/mru-Calatomic' Los Angeles'

led watcr' One half milliliter of raC-þ-2-t

solution (non-radioactive)' Then, 0'1 ml

e bottom of culture tubes and mixed with

plug diffusion
d above the sol

triplicate of I
cultures with

ml) were t
th 0.6 ml in the vial with B rnl of

Triton X ) Ltd'' otahuhu' N'Z')-

solutionl. consisted of 100 mg of
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1,4-bis-[2-(5-phenyloxyzolyl)]-benzene (PoPoP, sigma) and 4rng of 2,5-dipheny-
loxazole (PPo, sigma) per liter of toluene. The radioactivity in the vials was
counted in a Model 2425 Autornatic Tri-Carb Liquid Scintillation Spectrometer
(Packard Instrument Company, Inc., Downers Grove, Illinois) .

RESULTS

Deueloþment of Liquid Media Assa2s
To assay liquid cultures and agar plug diffusion cultures, a technique was

employed for reading culture growth in standard glass test tubes directly in the
spectrophotometer (l). The turbidimetric readings were previously shown to be
directly proportional to the number of colonies formed (2). In the identically
inoculated replicate tubes, growth curves were reproducible with respect to a) simi-
larity of shape of the curve; b) onset of logarithmic growth phase (as measured from
the firstreading after the initial lag phase in which all portions of the.curve between
further readings gave a positive slope, until a stationary phase was reached) ; and c)
maximum growth, the asymptotic portion of the curve (stationary phase). In
preliminary experiments, different species of the sarne genus, and multiple isolatcs
of particular serotypes, both fresh isolates and maintained cultures; gave the same
reaction in the plate assay (2), and gave similarly shaped curves in liquid Medium
VI (unpublished results). Therefore, representative Escherichia, Shigella, and, Sal-
monella cultures were used in the following studies.

þ - 2 - T hienl lalanine C onc entr ation Efe c ts

Dose-response relationships between p-2-t concentration and culture growth
were assayed using Medium VI under three different physical growth conditions 

-with P-2-t a) applied by pipette to a filter paper srrip which was placed on the agar;
b) mixed into the agar; and c) added to liquid media.

In the filter paper strip plate assay (2), 5_40 pl of a 0.01 v p-2-t solution in the
strip caused borderline inhibition (!) of Shigella and Escherichia. Concentrations of
greater than 60 ¡zl per srrip resulted in inhibition (+) (2). when B-2-t solution was
mixed with 15 ml of agar medium at 4tì C befbre pouring plates, and cultures were

rabrer"",fn:,igX1x;1ff 
ïlH,Iü1?:i""î,i1,'ixedinto

0.01 u
P-2-t (pr)

E. coli
o5s/85

,çs.
t1tþhi

Shsh.coliE
086/87 bofiii sonnei t2þhimurium

0
0

+
+
+
+
+

0
0

+
+
+
+
+

0
0

+
+
+
+
+

0
0
0
0
0
0
0

0
50

100

200
400
800

1,200

0
0

+
+
+
+
+

0
0
0
0
0
0
0

* Vegetative Minimal Medium [Demain (12)].
(f ) culture inhibited, (0) culture not inhibited, (f ) borderline reaction.
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Fig. 5. Ratc ofdiffusion ol raC-þ-2-t from an agar plug ("""), o. from an agar
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medium conditions. The difference in reactions when cultures are grown in petri

dishes and in culture tubes cannot be explained by the difference in vessel composition

(glass us. plastic), time of challenge wíth þ-2-t, availability of oxygen and associated

àiff...r.".. in surface area to volume of media ratios, or selection of mutants in the

plate assay.

Agar preparations have been shown to affect bacterial-drug interactions'

Sands ánd Bennett (33) have demonstrated that some phenolic compounds are less

rnhibitory to StaþhlttLococcus aureus i¡r urrwaslre,i agar, afi¿' that inhibition can be

restored ty *urning agar cubes in distilled water before adding the agar to growth

media. similar agar effects have been shown for fatty amines (23), antibiotics

(15,2+,38), and infectivity of Dengue virus (34) . Greenberg (19) has studied

i.*orrul oiî ugu, läctors with water, methyl alcohol, ethyl alcohol, acetone, and

butanol,
After washing of agars in water and/or organic solvents, no differences have been

found in inhibition reaãtions of bacteria in the plate assay. In all plate assays, both
,,inhibited', and "non-inhibited" controls are employed. Since Shigella and Escheri-

chia cultures can still be inhibited on a dose-response basis in the plate assay, P-2-t

must still be active in the agar-solidified plate media'

The observation that in the plate assay, bacteria teact similarly as a genus to

þ-2-t (2), suggests a major metabolic difference between inhibited genera and non-

inhibiìed g"rã.r. In preliminary experiments, we have explored the possibility that

SalmonelLa t1¡þåi is proteàted, as compar ed. to Escherichia coLi 086/87, in that p-2-t might

(a) not b.'r."ognir.d by the aromatic amino acid transport system of the bacterial

à"rnbr.n., or that (b) the transporter may be more specific for Phe (in comparison



MECHANISM OF P.2-T BACTERIAL INHIBITION 613

to þ-2-t) than that of E. coli, or that (c) p-2-t may be less likely to be incorporated
ínto Salmonella proteins. We have found no difference between these bacteria in
ability of þ-2-t either to be transported, or to be incorporated into proteins, as

measured by amino acid analyses of intracellular fractions (Lines and Brown,
unpublished results) . D'Ambrosio et al (11) have also shown that þ-2-t mimics
r--phenylalanine as a transport substrate (in B. subtilis).

The results presented in this communication are consistent, however, with the
following model. In liquid media, synthesis of 3-deoxy-n-arabinoheptulosonic acid
7-POq (DAHP) synthetase (or prephenate dehydratase, in some bacteria) is halted
almost immediately by p-2-t (14), but, due to a diffusion effect in the gel matrix
(Fig. 5) resulting in fewer p-2-t molecules being available for transport across bac-
terial membranes at any time, inhibition is slowed in the agar system. During this
period, the induction of a protective mechanism (possibly an errzyrrre system) past
the blockage point allows for growth to proceed. Inhibited genera, not possessing
the protective mechanism, recover only after a considerable delay in onset of loga-
rithmic growth phase.

Protection of "inhibited" bacteria, and possibly most bacteria, by increased
Mgz+ concentration in agar-solidified media, may be due to - (a) increased utili-
zation of available shikimic acid by the Mgz+ -dependent shikimate kinase (16); (b)
reduced loss of the ion from cell wall structures (5) ; or (c) increased Mgz+ -¿"O"trd.tr,
activation to form the phenylalanyl-transfer RNA complex (B), allowing greater
utilization of available Phe for protein synthesis.

In order to study the model, the solid media conditions needed to be applied to
liquid cultures. We tested the model by sequentially introducing increasing delays
in diffusion of p-2-t from an agar plug, through an overlay ofconcentrated agar, and
into contact with liquid bacterial cultures (Figs. 3a,3b,4a,4b). IJnder these
conditions, protection of SaLmonella, which are not inhibited by p-2-t in the plate
assay, could be demonstrated in the agar plug cultures. The genera inhibited in
the plate assays (Escherichia and Shigella) were still inhibited in the agar plug cultures,
with no activation of a protective mechanism detectable .

Of the metabolites of the phenylalanine biosynthetic pathway, only phenyl-
pyruvate and phenylalanine are past the prephenate branch-point enzyme which
can be feedback-inhibited in some bacteria (6,7). Since Conway et aI (9) have
shown that only l0 to l5% of the available intracellular pool of Phe is necessaryfor
protein synthesis to proceed, as much as B5o/o of the Phe pool remains for other
metabolic needs, including possible use as a substrate in an inducible enzyme pathway
such as that suggested by the model. Guroff et al have demonstrated hydroxylation
of PIre to Tyr by a pseudomonad (20,21,28). Pseudomonas is one of the genera that
shows no inhibition by p-2-t in the plate assay (2), while Escherichia, wlniclr' have been
shown to be unable to convert Phe to Tyr (32), are inhibited in the assay. The
plate assay (2) rrray then be differentiating among genera in which a phenylalanine
hyclroxylase pathway is inducible when blockage of the phenylalanine biosynthetic
pathway by p-2-t is delayed, and genera which have no such protective alternative
pathway available, even when p-2-t diffusion into the medium is retarded.



614 K.J. BRO!\tN nr ar-

We gratefully acknowledge the help of Mrs. Patricia lftu'st for photography of the figures,
and of Miss Gwen Leonard for typing of the final manuscript. This research was supported in
part by grants from the National Children's llealth Resealch Founclation, New Zealand; and the
Auckland I\4edical Research Foundation,

RDFI]RIìNCDS

l)

la)

2)

-Brown, l(. J. 198U. A method tor turbidimetric measurement 01 bacterial growth in liquid
cultures and agar plug diffusion cullures, using slandard test tubes, Eur..f. Appl. Microbiol.
Biotechnol.9: 59 62.
l3r'owl, K.J., zrtrtl lìrown, li,A. 1978. -lsolation ol bacLctìophagc-likc parLicles 1ìolr rrnindtrccci
C:loslriliutn telati cultttes. Aust. J. Exp. Biol. Mcd. Sci. 56: 139-145.
Brown, K.J., and Lines, D.R. 1976. Differeltiation ol pathogenic, glam-negative, bacterial
genera in tlre presence of p-2-thìenylalaninc. Can. J. Microbiol.22: 1673 1679.
Brown, K.J., and Lines, D.R. 1978. Effects of changes in Mg2+ ion concentration upon bac-
telial inhibition by p-2-thienylalaninc in deflned media. Aust. J. Exp. tsiol. Med. Sci. 56: 507-
511.
Brow¡, K.J., Elliott, R.8,, and Lines, D.R. 1979. Effects of increasing ìvlgz+ ion corcentlation
on tlrc PKU rnonitoling assay. Expcrientia 35¿ 462 463.
Brown, M.R,W., and Melling, J, 1969, Loss of sensitivity to EDTA by Pseudononas aeruginosa
grown under conditions of Mg-limitation. J. Gen. Microbiol. 54t 439-444.
Cerutti, P., and Guroff, G, 1965. Iìnzymatic formation of phenylpyruvic acid in Pseudononas sp.
(A'I'CrO ll299a) and its legulation. j. Biol. Uhem. 24O: !Jl3+-!JOJB.
Coats, J.H.. and Nester, E,\,V. 1967, Regulation reversal mutation: Characterization ol'end
prodnct-activated mutants of Brcillus subtilis. J. Biol. Chem.242l 4948-4955.
Conway, T.W.. Lansford, E,M., Jr,, and Sliive, \4/. 1962. Ptrrification and substrate specificity
ola phenylalanine-activating enzyme lron'L EsclrcriclLia coli 9723. J. Biol. Cliem. 237 r 2850-2854.
Conway, T.W., Lansford, E.M,,Jr'., and Shive, W. 1963, Influence of phenylalanine analogues
upon bactelial accumulation and incorporation of phenylalanine. J. Ilacterioì.85: 141-149.
Cowie, D.8., Cohen, G.N., Bolton, E.T., and de Robichon-Szulmajster, H. 1959. Amino acid
analog incorpolation into bacl-elial proteins. Biochirn. Biophys. Acta 34: 39 46.
D'Ambrosio, S.M., Glover, G.I., Nelson, S.O., and Jensen, R.A. 1973. Specificity of the
tyrosine-plrenylalanine tlaìrspoltsyslem in IJacillus subtilis. J. Bacteriol. 1l5t 673 681.
Demain, A.L. 1958. Minimal media fol quantitative studies with Bacillus subtilis. J. Bacteriol.
75t 5l l-522.
Dorset, NI. 1902. The use of eggs as a medium I'or the cultivation ol Bacilhts tt¿betuiosis. Arn.
Med. 555 556.
Dzekiel, D.II. 1965. False feedback inhibition of aronatic amino acid biosynthesis by p-2-thielyl-
alanine. ìliochim. Biophys. Acta 95: 54 62.
Galrod, L.P., ancl lVatcrworth, P,M, 1969. Effect of rnedium cornposition oì1 tlìe apparent
serrsitivity ol Ps¿udo¡nouas aerugiinsn to gcntamicin. .1r. Clin. Pathol. 22: 534 538,
Gibsorr, F., arrd Pittartl,J. 1968. PatLways of biosyrthesis of alonraLic ¿Lnli¡ro acids ald vilarrrirrs
and tlrcir control in microorganisms. ßactcriol. Rcv. 32: +65492.
Godin, C., and Dolan, G. 1967. The effects of phenylalanine analogues on the rnetabolism o[
pherryìalanirrc in rats. Can. J. Biochent. 45t 71-79.
Golltrb, E.,Zalkin, H,, and Splinson, D.B. 1967, Correlation of genes and enzymcs, and studies
on regtrlation of the aromatic pathway in Salnnnella. J. Biol. Chem. 2422 5323-5328.
Greenberg, J. 1960. A factor in agar which ler.erses the antibactetial activity of 1-methyl-3-
nitlo-l-nitlosoguanidine. Nature (London) lB8: 660.
Gnroff, G., and Ito, T. 1965. Phenylalanine hydroxylation by Pseudontonas sp. (ATCC 11299a).

J. Biol. Chem. 240: 1175-1184.
Guroff, G., and Rhoads, C.A, 1967. Phenylalanine hydloxylase ltom Pseudo¡no¡tasspecies (41'CC
1 1299a). Pulilìcation of the enzyrnc and activation by various metal ions, J, Biol. Chem. 242:
3641 3645.
Guthrie, R., and Susi, A. 1963. A simple phenylalanine metlìod for detecting phenylketonuria
in large poptrlations ofnewborn infants. Pediatrics 322 338 343.

3)

4)

5,)

6)

7)

B)

s)

l0)

I l)

t2)

13)

14)

ls)

l6)

17)

lB)

ls)

20)

21)

,,\



23)

2+)

25)

26)

27)

2B)

MECHANISM OF P-2-T BACTERIAL INHIBITION 615

Ilanus, F.J., and Bennett, E.O. 1964. The effect of agar on the inhibitory activities of fatty
amines. Antonie van Leeuwenhoek 30: 412-416.
Hanus, F.J., Sands, J.G., and Bennett, E.O. 1967. Antibiotic activity in the presence of agar.
Appl. Microbiol. 15: 3l-34.
Ingrarn, L.O., and Jensen, R.A. 1973. Growth inhibition by r--phenylalanine in Agmenellum

quadruþlicatum. A clue to some amino acid interrelationships. Arch. Mikrobiol.9l¿ 221-233.
Kerridge, D. 1960. The effect of inhibitors on the formation of flagella lry Salmonella l2þhi.murium.

J. Gen. Microbiol. 33: 519 538.
Krips, C., and Lines, D.R. 1972. Phenylketonuria: Reduction of serum levels olphenylalanine
following oral administration olp-2-thienylalanine. Aust. Paediat' J. 8: 3lB-321'
Letendre, C.H., Dickens, G., and Guroff, G. 1975. Phenylalanine hydroxylase ftorn Pseudomo-

zas sp. (ATCC 11299a). Puriflcation, molecular weight, and influence of tyrosine metabolites
on activation and hydroxylation. J. Biol. Chem. 25Oz 6672-6678.
Lines, D.R., and Waisman, H.A. 1970. Renal amino acid reabsorption in hyperphenylalani-
nemic monkeys infused with p-2-thienylalanine. Proc. Soc. Exp. Biol. Med' 134: 1061 1064.

Lines, D.R., and Waisman, H.A. 1970. The inhibition of intestinal absorption of phenyla-
Ianine in the rhesus monkey. Proc. Soc. Exp. Biol. Med. 135: 859-863.
Lines, D.R., and Waisman, H.A. 1973. The effect of feeding p-2-thienylalanine on phenylala-
nine metabolism in the rhesus monkey. Aust. N.Z' J' Med. 3t 169-173.
Miller, D.A., and Simmonds, S. 1957. Phenylalanine and tyrosine metabolism in E. coli strain
K-12. Science 126z 445 446.
Sands,.J.G., and Bennett, B.O. 1964. The effect of washed agar on the inhibitory activities of
phenols. J. Gen. Appl. Microbiol. 10: 201-206.
Schulze, I.T., and Schlesinger, R.W. 1963. Inhibition of infectious and hemagglutinating prop-
erties oftype 2 Dengue virus by aqueous agar extrâcts, Virology 19t 49-57.
Turnock, G., and Wild, D.G. 1965. Phenotypic expression of the "relaxed" genotype during
inhibition of Escherichia colì try þ-2-thienylalanine' Biochem. J. 96: 12C-14C.
Wapnir, R.4., and Lifshitz, F. 1974. l-Phenylalanine interactions with structurally related
substances at the intestinal mucosa. Biochem, Med' l1: 370-375.
Weisova, H., Vinter, V., and Stárka, J. 1966. Spores of microorganisms. XIX. I{eat- and
IJV-resistance of spores of Bacillus cereus prod:uceð, endotrophically in the presence of p-2-thienyl-
alanine. Folia Microbiol. (Praha) l1: 387-391.
Wüst, J. 1977. Susceptibility of anaelobic bacteria to metronidazole, ornidazole, and tinida-
zole and routine susceptibility testing by standardized methods. Antimicrob. Agents Chemo-
ther. 11: 631-637.

(Received for publication, October 9, 1979)

:,1
ù!

2s)

30)

3l)

32)

33)

34)

35)

36)

37)

38)

I'

þ



lr

t',iED, ùr tcRoB t0L. tMMUNoL. 1 68,11_24 (r ggo)

TI.III ASSÀY ON A DEFINED MEDIUIU OF THE F]F']IECTS

oF ß-2-T'IIrtjNyLALÀNIhiE ON TltE GROWTII OF

INDTGIìNOUS ÀN/\IIROI]TC RACTERTAL TSOLA'I'ESJ I¡iìO¡4

PIIÛNYLI(NTO}TURTC PAI'TtrNTS

Ku::l- J'. ÌSrorvn r

Bet:ty V. Vcsey2

Geral-d lnil. 'l'annock 3

EIainc B. BeIlt
Robert B. DlIiott,¡
Dav.i-d R. Line¡;2

lsecti.on of Chil.d IIc¿r.lt:h Re search,

Dep¿rrt-ment. of paeclj-¿rtr.ics, unj.vcrrsity of- Aucjçl¿rnrl

School. of Meclicine,

Auc]:1¡rncl, New ZeaI¿rnd

2Departnrcnt of p¿lecliatrics, trli-nclers uni.versity
of South Àustr_'rr1.i.r, Uedforcl P¿r¡.]< ,

South Australia, Àustral-ia

3Department of l{icrobÍol.ogy, Universi.ty of Ot¿rc¡<.;

Dunedin, Ncw Zealancl

20 jr{arch l.979



¿"

.ciUl lJ ]rlCil:' [:A']'i:ìGOlì )'

" I'llYÍ'IOLOGY Al{t-l (IROI{,I'il,' OR "MLt)IC^L I"l iClt0ljl_(jl-,{lGl¿"

lìtlNN I ¡J( i T,. 'l.l ,iri

B"';." T'il_t lit{ylÄ]'ôl'trIlrtlt ÀND piilj AtiA1Ìlì()i1tìfj



I

3

I

INDEX OT' SURJECTS

Anaerobic bacterial growth, effects of ß-2-thicnylala-
nine on

(Brown, Vesey, Tannock, BeIl, EI-l-i.ott c Lines).

Assay of anaerobic bacterial growth, inhibition reactj-orrs

to ß-2-thienylalanine (Brown, Vesey, Tannock, BeIl,

BIl.iott ç Lines).

ß-2-thi.enylarlanine, ef fects on PI(U anaerobj.c l:acterial

isolaLes, on defined rnedia (Brown, Vesey, Tannoc)<,

Bel.I, Ell-iott ç Lines).

Defined medi.¿r for growth of anaerobic b.rcteria, effecLs

of ß-2-t-hj.eny).arlanine on PKU bact-eriaI isolal-ei;

(Brown, Vesêy, Tannock, 8e1.1 , Elliott ç Lines).

Indiger':ous anaero)¡j.c Ï:acte::ia f rom l'I(U pat.ì.ents, ef fects

of ß-2^thir:nyl.alanine on grovrl-h of (I3rorvrr, Vescy,

T¿rnnock, Be"lI , Ell-i ott- & Lincs ) .

Phenylketonur j.c pat.i ents, ef fects of ß-2-thienylal atline

on a¡raeroÏ¡lc l-¡acteríal isolat.es from (Ilrowrr, Veseyt

Tannocls., BeII, Blliott & Li.nes).

2.

3.

5

4

6



SUlfl'lÀRY

Faecal sampl-r:ss were t¿¡ke¡r from {-hree dic.t-managecl :

phenirl¡qto¡ru¡:ic chj.l.clren in orcìer to <1e1,ernrj-¡re l-hc,: effectr;

of ß-2-thienylalanirrr.: (ß-2-t) on Írrclic¡cnous b¿rctcrr:i¿-rl.

isolates" t:'rc¡in thc sampre swal¡s, 7.27 ¿.rnar:roÌ:ic -'rsolates

wer:Ê idc'ntiliecl ¿rnd test'c:rl t.or i¡ihjbj.t-.ic.rn to fl--z-t on ¿ì

Phc,:-f::ee clcfineil mcclium, Anaer-'obe lnh:Ll:j.tj.on Tcst- (ÀrT)

aqilt:, clcvis;cc'l fo:: i-lrj.s stucly. Of t:ltc i_soI;it_c::,;, 77.91,

grew s;uf f ic-icnt-1.y t-o åìs$ay inlril.¡-ition l-craci-j-ons on at l.c-..riìt

25t of AIT ¿tSsia\¡ ¡-r1.atcs. Utrin<; Cc:.l"¡nrþ.j-a agar, a cornplr:x

l'J-te-c;ont¿.rjrrillcl medium, tl(;,5? of t,he s;tr"¿rinSi c:c-r¡.111 l¡e ;,rs;s¿ycc1.

None c¡f 2f3 l-l¿r<".teroi cles crr.'l.t-ur.cs r{as inlrj L:j.teü by 11-Z-- t on

.AIT. Of tlte¡ genera, Rif_-Lclob¿rct_erium Dubac t-e l'i r-urr, Lacto-

l¡qairll rrs, P c pt.o s tr c ¡rto cnc clr s ancl Pr:o1-¡ j olr ib¿rc t-c.r- j um r llo

isoiates; r'lhj.cir wou-rd qlow on thc definecl rneclirin v"'ere in-

hjl:itecl. At least-. one isolat.e of each of tìle gcnera

Peptococc\rs; lì'usobact-elrium, and Clostr-i clj urn v¡as -inh.ibj-tccl

in the assay. Of the L27 tot.al isolat.es, only 9 werc

j-nlr.ibitecl by B'z-t on Àrr, an<1 inhibit-.ion r,ras ¿rl¡olished

lor these i.so_1.¿rtes orì t_he pher-containing medium.

Thil:l.y-¡rine ar:.rol:ic isolat-.es rver:e takcn fronr the s¿1m61

pal,ients, Gelrer:.r tes;'t-ed Íol_l.owe:d t}rc s¿ìne inhibit-ion
p;rLt.eriis iìí.i di-d prcvious;11' Lr:st.cc1 st-r-'¿ti ns of tho s;ìrne gen*

ella froilt tron-llKU sources. AnacroÌ,ricalty :i.sol¿rtecl ]tq.gjg-
iclrj a coli rvere inhj l¡i tc'ri Lry ll.-2-.t.., rvhilc ïtr..e¡-rtococcr-rsl f,er,:r:¿l-

4

Lis- cult.ureÍi \del:€: llol-, <:onf i.::nr j rri¡ the asìÍ.;i.iys oJ: prerri-<-lnsJ.y
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tcsterclu ircrobicarly-ir.;o1¿r.l,r,:ci crrrt-ures of {:he sr arììc s;¡:cci-cs

f rom ¡ron-l?l(Ll 1:at-i-cr-ri-.:; "

llhci¡c s;tucl j.c:s; rìr':o alrp;-r.:;r:.lrrtly t-hc f :i-rst dcaJ í_rrq rvi t_l-i

thc en-fect-s of f3-.ì-,1: on ;,¡l-l¿Lc:.rolrjc ]¡¿rct-c¡rì,a, anci gj_vr_, ¿_r

f.urt-her ..illcl j cation t.h¿rt. .inrJi.c¡cr-rours int-es;t--j.na.l. Ìr¡,rcl-e::i¿-r.l

1rO¡-lrrI.rt. j.r¡ns alre unl i.Jir:1y t-o Ì¡c qrcrlt,i y a.l t_crc_.cl clrrrj,¡,.t

i lr r¡ivo L;:r:¿rt-.lneltt rv.i t.)r ß* 2*t:.
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INTIiODI]CTTON

B-2-thienylalanine (ß-2..t) is a phenyl-al-¿rnine (t?he)

anarogue which increasr:s the urinary exc;::r:tj-c¡n of phe in
monkeys; (Lines ç Waislìran,I 9?Oa ) -inhj-l:tl-s absr¡rbatrce

of Phe in thc nronkey intcst-ine (Lj.ncs & w¿¡isman, 1.9'i ob) ,

and com¡retcs rvith Phe for .rbsorbarrc;c i¡r Lhc ral- .int_c:;t-ine

(Godin & l)ol¿rn, )-967¡ hra¡->nir & Ljf:shitz, LgTA)" IL h.rs

pro'rcd cf fectivcr i.n trcatrnct'rL of cx¡:e::JÍient-.r j. h_y¡-;er¡->l-rcnyI-

al.ar¡-i.nclnia -in í¡rf¿r¡rt-. nronkcys (Lincs & wa.i_snran, Lg13) | ¿rncl

i¡r shol't-term Phe loarling sLudics jn m¿ìn (I(r:ì¡rs & l,ir-rc.,:sn

1.9'72) . B-2-l-. is therefore being consir.rere:d ar; an ;rclj.r:nc1_

therarpcut-ic ;rgent j_lr the ¡lianagcnrr:nt of: phen1,ll,,et-onur:j,a

(rìxtr) .

f n the study of Lines & I^Ia j_snr¡rll (1973) , ¿ì Sh j gclJ ie

gas{:r:oentclriti-s \",?¿ìs noted'i.n r:;ome ß-2-t--treatercl mon}ccyls.

In orc'lt'¡r t.o s;l-ucìy thc petisible re:l¿rLi.on::;h-i ¡-r betwc.:c,:ll qarìt-ro-

e':rri:..rrit-. Ls ;rnc,l ß- 2"-i:. ¿rchni.ni.st-r:.rL:jon, t-he ef f cct s of ?.-?.-t

on t-he c1 t-otvth of qr¿lut-tìclyati vc qclllcril \ve'r'û ¡lctci:nti,¡c.rl usi.;rc;

a irì.atr: inhi.bj-t-ic¡n assay (1.-!r:own & Lineso 1976), em¡¡Ioy*

irrg r.r¿g¿':t-¿rtj.r,'e Mjnjm:rJ Mcdj um (vul,r¡ (Dcmain , rg5B) , snigrli
rg, ¿ìS \r'c l..l ar-; l:ls;chr::r'.1<:lri-¿r l:¡rc1-cr:i-¿.i, \v()r--c inhib j.t,r:cl ¡y ?,-2*t
in thc ¿tssì¿ty, v,rh-'i, 1cl ttie genera S:a,lnrone.ì l-a P.lgj-_"gg, Iïet!d.9-

no'L inhil-ritedT9.n,¿1.s., C-i t-l:obac t-cr , and l:ìn t-er:ob¿rcte r: vt,elte

(Broln & Lines, .l 97(;)"

Ilefore further clinic¿rI testinq wj.th ß_2"_t is unclcr_

t¿rller¡ ' it ¡l.s Ilccess¿n.'y 1o clet:er-'lui-ne t-hc i n v.it-r:o c:f f.c:cts r¿I-
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the analogue on growth of ae::obj-c and arraerobic intcstinal.
bacteria from PKU patients. since phe competes with
B-2-t, and is able to abolish inhibitio¡r under various con-
diti-ons (Beerstecher ç shive , ]-g46¡ Ditt-.mer et al.., l-946¡

Drea, l94B; Dunn & Dil-tmer:, t95I; I3rown eL aI. , 1979b)

it is important to use a define:d med-i-u¡r no.b. containing phe

for testing ß-2-t effects. By using another phe-free,

defined medj.um in the ¡-lrate ass;ay (t"tedi.unr vr-Brown & Lines,
r97B), the qÌ:an-negat-ive bacter.ia qrow better ilran i.n vMM

under both sol-id ancl tiquid meclium condit j-ons (t3r:own et âr. ,

I9?9b) . We theref<.rre used Mediurn VI in thc.: p::esent-

study to deLer:niino if the Í' y=.i_tåg reactj-ons Lo ß-2-L of
ind.igenous aerobic isol-ates from pKU patients on clietary
therapy arc si.mi-rar to those of the gram-.negative cul-tures
f roin non-Pl(L) sout:ces, previ_ously t-esi_ed.

rn ordcr: to tes;t. anaer:ol¡ic b¿rcter.i-a f.rom pl(u pat.icnts,
a new Pl-re'-froe clefined lncciium had to be clcvc¡lopecì for l.¡oth

growinq bhe isorates ¡¡ncl arssaying reactio¡rs to ß-2-L.
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MATEIìIALS AND METHO])S

B aet; et v' i.rt L s train s The following stand¿rr<l lyophil.ized

str:ains, i.sol"rtecl from non-.I'KU sources, were obt¿rincct from

the Na L ic¡naI IIeaIth Instit-.ute Type Culture CoJ-1-ection,

hlcll i-ngton, Nr:r+ Zc¿rl"and (NI'lI'ICCI) : EgglSgp.gS5_ f,_ggl-lj5

(Lllil'I'CC :l-O9U; NCiL'Cl B56O), )3if:iclol,r¡rcl-c-.rj-Ìrm erjlisorr-i .i (lllll.ilCC

9C.t3; C:Dtì I4.J/O) r Clostliclium oeclcnr¿rticns (NlìITCC 484¡

NCTC 217 il'y¡>e A) , C" per:f r:j.ncJens (l.llll-'T'CC 2!A¡ NC'IIC B2:i1

Tr,r1>e Ä) , C. sì.)o.r oq(.)lrrjrj (Nllr't'í"lc I O1.,7 ; NCT'L: 53?.) t

fÌu]¡actcr .iiulr l.ent-uln (ìtrll.l1'CC 9Q5¡ CDCI 14O71) , Il. .l. j.mos:urn

(NllI'llr-ìC 9O6; Cl)C :l 3I1.6), l¡us;obactcrium (Sphercrophorr:s)

O=na11p:g1tla(s) (l{rlITcjc IIt)9; NCTC:los7li Type À) ,

F. rinc.l,c¿rtti¡n (NIITTCC "Ì5iL?.')5) , I e¿ctol-,aci l--l-us caseii ss,

rh.urrrrosus (NIIITCC 299; ÀIICC 7 469 | L. plantart:ni (lllll-ÏCC 1.1OO;

ATCC BOl.4 ), Pe¡:{-ostr:ept-ococcus i¡it.c:rrneci-i.us (NIIITCC: -15/L3O9 ) ,

Pro¡:ion-ib¿rct.er:iurìì qrarllrlosum (NIIITCC 9O"l¡ CDC 9()55), ¿lrrt'l

Sl-reptococcus f.recalis (NII-[T'CC lIO6; NCTC 71'-i) . Serr¡t.yl:e<1

c\1.,1l":uI t)ti ()l- t_!scIì('ll_' L cIì r.¿t r:r¡""r -i- üE 6/il7 ariri S¿-rl-morrr,rii¿r r.Y¡_rrtr

werîe obb-aj-rrccl Lrorn t-he i.)ri-Llr:er¡s Mar:y Ilor,;¡i:ita)- for Cli-i..ld::en,

Auck-l"allcl, Ncw ZetrJ.ztnil, i:ìtj r.:u-lt--ures; on Co"l.umbi,a ag¡.ìr

(Rlll,¡ Or:cli.r.lzsvilJc, Mcl.) l--.l,atcs st::o¡rkr:cl l-c¡t- isolab:ir-''n f-::om

pa.rctrt l)or:se t lìgc1 Medì.rrm (Dorset , L9O2) cultrrrcs.

k*-í:!_!i!:^_!,::lS!:.:1.1"":.1!;ll.d^, - Pa'LJctrt l?"c., ac¡ed B 4/12 ¡rb t-he

Lime of f ¿rt- ces ccrl-l ec:t.ion , was clia<¡nosecì âs phenylJcetonrrri c

and placed on a l-ow Phe diet at the ¿r(je of one rnonth. llis

dj.ct-ary contl:o1., grol.uth, ;.rncl inbe.l--tcctual. clevcJ.o¡rnir:nL had
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all been excerrent." At the time of faeces corr"ect.ion,
his reç¡i-mt-'rì was 6o g funinogra.-(Ä,rIe' ancr il^nbur:y,
llethnar Green, Lonclon), prus a minerar sul-r¡rJ-eme't l(r::t6y1¡.,
(Pai'es ancl Ryr:nesn pabyrn r,abs", Micldì.e r,;ex) ono L.rr:L.er- -
three t.i-¡nc¡s clail.y, ancl 5 ml- Ketovite mixture eacli mor:ning.
tii-s Plre intake rvas zs rrt<¡/k.q/day, ancr his serum l,he rever_
had bee¡r lr mg/loo mr on two siucce s:sive occas;i.or-rs, f ) onc:

mout.it before coll.ection a¡rrl Z) just, pr:j-or t.o the f.aeces
cc¡llecticln. wrren testr:d on Lhe tr{echsrr:r rntel.rigenct:
scare for crrirdren (ralechsrer.o rgTa) | rre scorcrl i-rr trrc
I' 

s; Lt¡;cr j-or " rangcì .

Paticnt s.c.. trre l>i:c¡Lrrcr: of p.c., !{AS armost 7 )rear:s
of açJ(Ì v¡hetl f-ac.cres trr'êÍG cc-¡1.1i:rcl-ecl. IIe hacl l¡een cJiagnc;secl
as havinq ì'}KU ancl \,{as sf.¿rrtecl on ¿ì l-ow phc cliet. fronr t-lre
açrc of o¡re \r'QCk. Hi s ci,i-r¡tar:y con.Lr:o1o c¡ror+Lh, anrl
intel-Ic,:ctual rìevelo¡rrnent harl c.:ausecl no coltccrtrì. At the
time of facrces col-J-rJctic,r, his di.et-.ary ::ecJimc¡rwas iclenL.ic¿rl
to th¿it of l-ris br:other. serum phe levels inunccriat_ery

l:efore col-lection hacl bcen 'IZ mg,/lOO ml slerum" His intetlj_
qence score on Ure wechsrer sc¿rle was pr;rce<l ¡rt the bcrcLer
of "R::ighL Normal " ancl r'G j.f ted".

I'atient D"M., aged i- s/LZ at: the time of correction,
was diag'osccl as a phenyrlietonuric at the cÌge of one week.
[Ie was fed a ]-ow phe diet ]:r:ginn.i'g in the 9th ciay of_ rife,
and good con'Lror h¿rd l¡eerr riraintair¡ed.. IIcì vüas .recei.vi_ng
r'ofenerac (Mead Johns.n, Ev.rrsvirle, rncrt.'ar) , prus cowr s
nilk arrcl vcgct-.abres, srr¡;¡rJ yi-'g ¿ì tot,ar of, s5 mg L,hc/kc.¡/day .
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Iìis seium Phe levels hacl been LZ" mgrlIOO mt on two

succcssive occasions, 1) two wcJcks prior: to corlection" ancl

2j imrnediatel.y prior 1-o collecti.on. Hj_s devel.opmcnt.r)

status one month ¡:revj-ously was; assesselcl by the catte-l.l-

rnf.ant rnterlic¡ence sca,l e (catl.-r.:)-r, rg47 ),rvhj-r:h p1.;rc:eiì hirn

at a clevelopmental ag€i <¡f. 1.5 monthsn onr--: nront-.h beh.!.¡lc1 Ìrj.s

chro¡rorogi.caJ. agcr. Ilolvcver¡:, r-rsing ilre vinel.anil sjoc j a-l

l*laturiLy scale (Do1I, l96li), lij-s clevclo¡rincnt was; ec¡-rivaJ.cnt

to 'I-fJ niont.Ìrd'. t'hus, ovcral.l r-levclopment v¡as well. wi_thin

norrnal I.i.mit-s.

Ànacrobi.c llact_er.i a

I sol.a1;i cttz c,f unqcT"pþ¡'.g, -- I¡aec¿rl ,.;amplcs f rom the ¡;ati-errt_s
wcre nr j.xeit v¡.i t-h co1__ton--t.i¡r1:'ec1 allt)l-ic¿rt-or t;t-.icI<s altcl tran¡;-
ferr:ecl to isolati.on ¡nedia withi.n 1.5 mi.nute¡; of col.l.ecti.on.
The f accal s;rv¿rl;'s werc s.;i-r'eaked fo¡_- i-sorat.ion on to 55 mm

¡:rcl-r:i pJ-a1-es of ColrmÌ-ri¿l aç¿u: rnccli.um, to r.¡hic¡ 5g sterile,
clef -i,irri ll¿i1..ccl llo::se J-rl-or,¡el v¿¿rs; a<irlccl af ter t:hc mc:rli um rvarl

coo-l.ccl [,o 4 5 0 r:. ].lr¡i n IIe¿:r:1; l nf usi-on (Ë,ilr ) (n¡r,) bloc.¡<l

acJ.ìr: ¡rl;rtr:s wL-:rc ;r.l.so inocul. at.r:cl " ljoth mccl j-a \^rere prîc-

parerl w-r.t:h anrl v¿-ithottt: I, hc ¿rclct'L [- ion of ]-OO yicl/rnl nc:ornyc:L¡

IMycitlac]-ìn su.l.¡rhate (U¡rjohn) n 350rOOO f .U. /SOO mgl . Ten

mrrzl of vitam:Ln t( hemj-ri sorutio¡r (IIoldem¡:n & Moore I rgTs)
hrere ¿iricled to al-l- of 1-irc brood a.cfar prates. Dupricate
prates of these medi.a antl clu¡rlicate cooked meat medj_a

Q;r:e¡r;rr:ed fro¡n chop¡rer1 l:eef hearts), BHI l¡roth, and. glucose
thiog.l.ycol.l ¿rt.c broth [,thioq] yco.l-late Meclium, f luicl, wj.t honl:

dexl-Ì:o$e r)r ìÏt j.trd.i.c¿rLol-(ßBt,) plus IOt glucos;e l
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vJere i.nocurated f rom tlre swabs. coohecl meat ¡necli ¿r ancL

thiogJ-ycoll¿rte ):rotrr were incubateri at 3'i(,c, BI.tr l¡roilr
arrcl the ¡ron-:Lnvertecl l:loocl agar: pJates \,Jcr.re i¡cu¡aterl at.

37 0c: in an ¿rnacrr:obj c jar with f resirly char:gecl palr;rc1j um

pcJ.rcts (BIIL) , ¿.rnrl rvith IIBL mr:l_hy1.cne bruc an¿rcrohj.os;is

'ilrclicatore;. Anaerobiosis: lrar; achi-ervecl by cvacuat.i_r-l,l

tltc jar l-l¡ree ti.mc,:s witrl a vacuu* pump, írrrcr l:-c¡r-l,¡ci.g LIie

ai:: wit.h hycl-roqc.:n gas containing lot coz. Ill_¿rter:r \,v(f l:c

examincd aftcr 2 - 5 cìays for grc>rr,t-ti, erncr colo'.ies ¡ri.cJied
a¡ril t-.ransf crrccl t'-c-; f rcsh coruml¡i a Lrroocl ;l(.1¿ìr prat_c:; 

"

l-oopsf ur of bacLcria fr:om the f.iqu-tcl nre:r,lj.a \,Jcrc) sLre¿r.l;ecl

for .j sor¿rtion on to trrc: series of l¡l-oocl agar pl.at.crs af te r
24 hn ¿rnd ¡'lIatcs \,.'ere c>cami¡rcd as Ì:eforc.

Itlai.n Lencttr:c o Iso.[atc cultlrres \,vere mai.ntai-necl

l>y i-wi-c;e-iveekly Lrar:s;f cr on to collunJri,r bl.oocl aq¿ìr prates,
ancl b)' -i-nc.rculatjr:n i.nto ci¡ok.c:d mc.rt mecl:iurn" Ini: J.orrc¡

ter:rn irolclirig, cìtl-t_nrcs hrcre lyo¡:hi-l i:zeci.

A f c-,et al, bov j rio s.jcl:urn ¡rrus 5t inr:s j tol sc.rl ur_i()¡ w¿rs

st-er.L.l-iztrcl li),fi.l.t.r:¿ri..ion hhr:.orrgh a o.4r 1r M:i-J_l".ipr:::c f.i.ltcr
(¡f il 1 ipc-,r'e coi:¡r. , llcclf r¡rcl, Irlasr;achusct-ts ) . A ]-l¿tcl-ei:.i¿rl

susP(rlls,;.iolr wtrs f )'r-e[l;-trccl l.ry slrri-nc1j-trc¡ O.4 rrl c"rf i-iic soJ ut_-.i-on

on to Llrc'r surf¿rce of a z4 h b.l.oocl platc of: the isol.ar-c a¡cl

snck-i¡lq the suspcnsion b.rck j-nto tllc,r syr:inge. After: rnixi.ng
by end-to-end rotation of the sy::inge, o.r. ml ¿-l.iqur:ts of
solution cont¿rining l¡acteria wero clispe:nscrl into l;tcr:_iIe,
6 x J-oo mrn gl.ass tul:es with êr f rame-sealecl end, corrLa:Lning

a li x 3o irun s;r.rip of wll,,riman 3MM (w" ¿urcl R., RaJ.r;tcrr, Ltd.,
Maiclsl-Onc, ldc-'nt) to ¿.iÏ-:l:o: [i t:hc,: sanrlrl-e. us;.ì nq r. ¡¡tcr:..1.1-e

ucecll.c, t--hc stel:iÍe co.tton [rlug rvas ptr:;]rc,rcl i¡rt.ç tlrc l_rrL¡c

f eul.l,ut''c:t; -
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untiL l cnì above the pa-rper: strip" lli,e contents \^Jere

frozen irr a dry íce ancl al.cohol bathn and lyo¡-rhilizecl for
3 h in ¿ìn apparatus empl.oying a lyophri)"ize:x uniL (eui.ckfit

and Qual'tz LLd., Staf fordshire). Tubes wer:e sealed uncler:

v'acuum rvith a propat)e torch, and stor:ecl at room temper:-.

atr:re. l.or use, the r¡i.al.$ vJere o¡>ener1 try scor:jng vlit.h a"

f i.Ie at t-hc -levcI of the mj-dilIe of. the coi-.ton ¡-,Jug, ancì

cr:acked rvith a rercl-hot sol.icl gJ.ass rocl, forlowjng t-he pro-

ct:clrirc srrggcstecl by the NllLl'c(:" tlhe di:it,:d cul {:ur:'c¡s )tÇ:) (::

r:econstitutci-l in glucose tlr:loqJ.ycollat-.c,r }rroth,

In cln ¿tl tc¡n¿rt i rre J.yo¡:hili-z¿r{-ion procedul:c o f.iorrtc of
thc ¿r¡rae::obic j.s;olatc:s well.) al,so p-i.c)rcd :f l-orn l_.'l oocj agat:

¡rlartes anc'l suspenc'lcrì rll.rect)-y j-iit-o o.1 rnI dcij.br:jlr¿rtc-.cj

horse i:Ioc¡cl in a v j.al v,lj.l-hc¡ul- f j.l t--cir Lr¿rl-)er ¡t:tct;.lciit-, l¡e¡f or:cr

Iyophi.1i z at j.on 
"

C ct t; - Li o u.'i, ti eltr t¡m l:on TCI ( Gl',(:
^ 

5r ¡tJ. aliclrrot vra I LalienIt't) 1l

from t-lre r'¡tr,Lrer¡r¿rtanL. soJ-utjon c¡f r::cnt-r:j1'ugccl r¡lricos;r.: J.-lri.o-'

glycr-rll.at:c Ì:roth c:urLures, or dir:ecl-Jy f::om broU:r cul-t-urcs,

a¡icL w¿iS (ìtiill-),Sc,rl ):y GLCì. ;\ st,¿:¡td¿rrd s:.r:-l.ul--i r:no llr;rdt up of

¿t nrixl-ur:c of acet-i c, pro¡-,ic.:l¡j c, i.sobubyr:ì-c, n-buLy ri.c,

i.so-vaJ.cric, n-va.lt:rj.r-r iìird .isio-calrrcljc ac:Lcls, td¿:rs unr,:<.1 fo:r.'

corlrp¿ìris;on <.¡.[ ::et.cntion t-.i¡nes of t-hr: ¡..re;rks i-n r;l-ic s;inpJe

solrrt-j-ons. The ap¡;;rr"rtus u¡:cc-{ was a Sjh j-nac.lzrr ÇÇ'-4^p'i't:' C.Í,('.

(Shimac-lzri Seisakusho Ltd " , I(yoto , ilrrp.rri. ) r:r{u i 1-.,1recl wi. t-lr ¿r

3 ntm j-ntcrnar dianicter, o.5 m q-Las;s co-l.urnn i-:a<:kecl 'v¡j L.lr
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chro¡noso::b lol, loo-l-20 mesh (Johns-l{anville, Denvcr:,

coloracìci) " oxygen-free r.ì-trogcn was the car:ri-er: gas ¿rt

a f lorv rate of aÌ-rout 30 ml.,/¡nin. Thc.: f J.¿rme ionj:z¡rtion
detectol: hydroge' frow r:a1-e wàs 3o nir-/rni-', alicl the ¿r-ir:

florv rate \{¿rs 3oo m1/rnin, The injr,:ct-i-on 1>orr_ 1:,crn¡rt:r--

at-ure tvaE; 2000c, a¡rd sarnpres \{crLì rUn -i-SCrth<,:::r.a1J y ¿rt

I6O0C. T'he chart spce<l vl;rs 2. 5 nirnr/ni-irr, ¿lncl ,.;am¡rlcs wrll:c
run f or 1.5 mì.n, or rurtil tI¡er:e v/as ¿r ret:u::Ll i:o ba¡r:li nc.

.T cl r¿ nt i l' í. c ct t 7'. ott o f cuLl'.ure ¡; ,* al-I of tlic _i.soI¿rtcr:ì vrere

coltlpared by colc-:lr.i¿t.l rnor:phology and pr:csence <¡f h¿rernol\¡.sis;

on bLood ag¿ìr, gror','th ch¿rracl-c:::ist-i.cs -i¡r gJ.ucol;r: trric>-
grycol.ì-ate )¡roth ancl cookeil meat mecrium (inc.lucli.'g pro-
duction of gas) , grant re¿ìctj_orr, c--eIi_ morpliolrrgy Ì-,1, ìight
mi croscopy, sjpolre procluct j.ori, ;r¡rcl ¡rrc;clucti r:r: çlf pro¡_,i o¡i c
a¡r<l butyr-ic ar.:i.cls i-¡r Gl-,cl delr-enni¡rat:,i orrs . De t.c:: nrina l-i.c-¡n

of accLic acicl ¡;rc>ductioll \n,¿l¡ì nr¿.rskccr l¡y j t--s; pÌ:csc¡ce j ¡l
the ¡necliulri. Trvo-tlr.irr-1s of tlie isol.;rl:r:s were t-_c,,s Lrrr-i J-or

¡roL:-iJ-it.y. 1rÌ¡e iso.Latcs fr:om paticnL D"I,1" \,üelre L..,s{_c:cl

by cDC r¿rbor.rtor:y nrcilrocìs (Dorr,c-r.Ì & Hawrcins, rgi4) , for
f er:rnentatio' of ilre f orrowing sugars gJ.ucose, r-ar:Lose,
sucïose, maltose, mannito.t, arabinose, xyrose, trc:halofle,
rhamnose, and fructose. These isorates v¡ere ar_so testecl
for -i¡rd.le pr:oduction ¿rnd ni-trate reduction, ¿rird pr:o-
cluction of catal-asc;. React j_ons ancl morpholog.ical
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chðra(jteristics wer€r cotnpared with f:he VPf Anaerobe L¿rtrt.rr-."'

atcrry Manual (Floldeman & lnloorer t-9751 , Ilergeyrs; Manu¿rl

(Ilrcccl, I'lui:r..ry, & Sn'rírlr, L9721 , and t:he CDC J,abo.rato:ly l.i:rn-

u¿rJ- (Dorvel.l ç II"rv¡kins, L9'74) "

'f lte sclrcma f or i sol ¿rt-.io¡t atrcl i dr:nt i. f i.r:aLi on ol- cul LuÍ'e s;

.is; r'ir.t¿ì.i.lc:cl in Fiq" I"

f.'l ' '1. i; o 1-

1)L.'a .1. ;t tt i t i,-r ,

A O, O1.

.S j ctm¿L )

l.Ì ;.ri1rrc:ous solut.ic¡lr of. fl-?* t (ß-.ì .'tlii enyi --

!,Jas sLerili.ze cl iry a\ìLr)cIavl ng.

tasr:cJl. - Cultures; wcre assayed for inhj.-"PL,r Li., i n'hí.Ì"t'í.1: t.on

bit-jorr )ry P,-2-'t- on fiB mm plas;tic ¡ic:l-r:i frlates cont;rining

Mecl j um V.I (lìr:own & l,ines , l9? B ) ol: on Al'iacrobcr InliiÌ.¡ j tiorr

Test (,\l-'I) niu.cl.lunt ('l'able "l ) " A.tT was b"rs<:d on Medirun VI,

w-i t'-lr t-hc acìclitit.ur of. s.jpcc j"f ic c-¡rowth f ar:tors; -i.nc.l-ucl.i-ng

stte t:irr¿rl-cr (l,cv c.:i- al. , 1971 ) ; CaCl2 (Her:br:ck & flr yant , )-9'Ì4) ,

voI¿rti I rr f ai-ty ¿rcict rnj-xl-ure .rnrl cysteine sul.f icle sol-ul-ion

(O¿r.l clv,rc-l .l ,l Bryanl-, 1966 ) ; pyruvatc, vitanij-rr K (rneri;rclione)

pL ris hcni:i.n scr.l u L-.iolr, 'I'wcerr BO (llolcle¡nan & Moore , I97 5)

(al:;o, Va::<:l cL- ¿rI. , I971 ; Macy cL rl-. , 1975 -"hcur j n) ; r;oclium

c¿rrbiri¡ate (Vir::ci ¿i IJr:-y¿lr)i:, I974); c;rr:bohyiirai,es (i,¡riibr: ¿x

l)urrcatr, -i 9 7ll ) ; cyanor.:ol:¿rlamin (Calr,lwe1 -l c't, al- . o 7c)"1 4;

C¿r.ldrvcll- s Ar:r:a¡rcl , J9't4); q2- (Varcl et- a,l ., )-9'/4); ì,lll4l'

(lÌr:i,rr-r'L li lì;rl;jirl;c.:¡'i, \()62¡ jtic-¡r'js;hj.l a el- a-1-., 1.1)74; Illrlrcc:k

& ljlr).,¿lnt, "'Ì9'74l¡; p:-arrtj-nof-¡rllzoic acj.d (Ler: et,rl.-, lq74j¡

anq.l inorqarrj<; ions (N¡r{-, Po43-, K-F, Mçl''-l') (Cal-clwel.l el. al.,

1-L) i3; Calcìwe.LI ç Arcand n )-9"7 4¡ C¿rl dwe l I & Hr-rclsc-rn, 19 l4) .

Of: l-lres;e inorganic ions, only cl.ev¿rLccl I'fç¡2+ conc(:1r-

{-r:¿i t-ion ( > O.Oì \t/1) a IJ-ects l:eactions; of Acrcr.L¡elr l-o l\-.?.-t

i¡r th¿rt .i nh-i.Lri t-i.on i s ab<¡Iishecl (Brown 6, Li nes; , 7.9"10 ;
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Brown et aI., I979a). Therefore, plg'* was aclclecl ¿rt cÌ

concentr:atj-on of O.OI g/I in AIT nredium.

Cultures $rerc also g:rown on Colurnbj.a agar pltrtc:s (v¡j.tìr*

ottt. bloocl adcled) n to compare i¡'rhib.j.ti.on re¿rcti-ons c)n ¡ì Plr':-:--

co¡rta j rri ng mccl,i um. Sl-rains hrere sl-rc,.¿rkerl in paral 'l.eJ 
,

eight. ö.r fc.:\¿cr l?er pIate. A f iltcrr papclr s;l-r'i-p w;rs pl.rcccÌ

perpcn<Jicularly l-o the streaks and irn¡rrr:<4rrat-cd wit-h .lOO lrl

O.OI M 9"2-t. solu{:ion (}}rown & Lincs, 1976; l-97t.Ì). Pl.ri.c¡,;

wcl:e incub¿rt-cd fc:r 2 to 4 rlays at 3?0C us.in<¡ t,)re ar:ael-obir.:

jar ¡rrocedurc prevJous;1y el¿rbor.rt-ccl (Ilrown & llrown, f9?iì).

The cu-ltttre react- j,ons wer:c r:eacl I i¡rhi].l-ì-tiolr (.t ) , bc.¡rc.lcL:l,irir..:

(1), or: non-j.nhjb.i.t.ion (O) I as prevj.ousl-y rleiinr:cl (Brown ¡i

Li.ncs, t9'i6; I97B).

In flome ex¡.rcrintcnts, "nìoats" wet:c nade bel-wr.:en ad-

jacerrt stl calied ot:ganisnls, try ::emov j.ng a sl j vr,:r c¡7: tJrc

acljaccnl- ¿lqar, to clel-ernrine the effect of any unclcf:inccl

grclwth f acto.r:s f roni ot--her Jracteria on i nhilt L l-icn r eact-i.ons 
"

Ac:robi c I-lac tr-'r:i¡r

¡_::o!gl!9f _!f*_q:all!!Ìgp._ - In aclclit--ion t--o Lhe an¿reroi--'ic j.s;o-

1¿rtion ¡:r:ocedures, thc f ¿reca"[ sw¿lbs; wel:c .rlso streaìrcd l]c¡r

isol¿rt.ion on to areroL'icaIJ-y i,ncuL¡aLecl L1¿rcConl<cry aqilr. ([']81,)

ancl Col.unlbj.¿i ¿-rqar plai-er-.;. Col<-¡nics vlere picked, r'estL:eakecl

on t.o columt¡ia ag¿rr, then t,r:ansferred to Dor:s;et- Eç¡q l4erJirrr¡

slatrt-s f or long-term mai.rrt.enancLl, ¡rrior to t-cs1-ing. cu i-*

1-urcs wcr:c identifiecl by the Microbiology Dcpart-mcnL.,

Wal-lace Laborarl,ory, Àuckland Hos¡;ital-.
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.rcac i :i.orrs

Linc s

(-l-) .l , ,ar.rd

USc.:d ALì

to f-:l-t (/lì I'i<:rliru¡r VI, usint¡ {:}re

(M6; 1.978). l:lschcrjchi.¿r coli

Sa-1¡norrel l a _q_y1l]l-+. Inon-'inhibitect (O) ] cul{:ur:cs; r,\¡ere

as:ìay ccllt l:olsr .

ÀcldiLiolta I Procc,:cl rrrc:

.1' 
lt r:n t¡ 1. a 7. ¿tn i. n c d e't c: rn in a't; ù o n O.3 ml

aut ocl avccl Cr>l rlr¡b j a ag¿ìr m.ediun \^¡ere

of 6N IlCl at .ll-00C l:o.r 20 - 24 h.

as;saycd rvj I,h an ¿rnr_i-no ¿rcid analyzcr.

nctrt of Cc¡ununity IlcarJ th, tJtriversity

Ifr:,:li.cì nc. 'Jlhc mccli um colrt¿r i_ned O. I3

llyr: .

samples of freshJ-1'

hydrolyzecl r.,'ith I.1 ¡nl.

I'he SampJ (tìt; wcrc tllcrr

by Dr Ta¡r I-,yon, Depart-

of Aucll]-.¡ncl School r:f

nrg/ml Pllc ancl O.O6 rtr¿/mI.
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RESULTS

i'aecaI sh'abs were l-¿rken from three phenylketonuric

childr:en in r^rhom thc ntet¿rbo-l ic disorder wâs well managcd try

standard dieta::y therapy. I¡::om the swabs, I27 anacrol>ic

isol.at-r:s r and 39 tier:r:bicaI.l-y isolat<,:d bacter:i-a1 cultures

\{cre irlentif iecl and tested f or reaction to ß-2-L. Addition-

aI culturcs which \{ere isola.tcd ¿¡naerobicalJ-y and gl:e\,\I

acrol-r-i-cal-ly, provecl to be colifo¡:nrs or St::c1>tococcì-rsl f ¿¡ec¿rl is; "

Of thc 39 ae¡obic curl-t-ures tested on l{eclium VI of.

IJ¡roh'n {i Li¡rr:s (I97B), al.1 22 Ilschericlii¿r coli clrlttrrc:s (l:c¡t-h

posj-ti.ve aud negartive for orni.tl"rine decarl;oxylation) v,'cr-e

inh.i b-i t.e<l, ancl ¿rII 1.I enteroc<¡cci (fìl-rcptococ:cLrs far.rr:aJ-1 s)

cul.Ltrrcs \{crre noL j nìril¡j l-cd by ß-2-t". .S¡-Èp¡11!-gSç,ç_qlljj it!-r..

( 3 j sol ¿ltcs ) and lr4 j crococcus; gp_. (one j-soI¿rtc,:) woul-c1 nc¡t

grow oìr thc def ined neclium r¡sc<1, and hencc were ttot a:;s.rye'.cì.

The rcstr.l t s for: Ir)scllcr:i clli.¡l ancl Int.cr:c¡bact-r:r (one j ,';o.l ;-rLc)

from t-.he ìll(U chj-1clrcr'¡ wor:e the samc as t.hc rcaci:ionr.; ¡r116¡vj-

ous1.y :rot-ecl for ot-.hcr no¡l-'Pi{{I isol¡rl-es of tl-¡ese generl:¿,ì

(llrotvn ¿i J,j-rrcs, I 976). Tlre s;inc¡le â*q: !_cr_-Lqþj!q1-- e r- c u 1 tur: e

isol.¿rt-r:cl. cliff-e::ccl from prervioue; f-inclings in that .i.t- w¿rs in-

hi bi t-.ecl b1r ß- 2- t ,

Alr¿rert¡bc: f nhibj.tion '1.'e¡;t (AIT) agar (Tab.l.c¡ I) , a prol-c-rj-t:r-'

f rc:e dc,'Í j nccl lnecl j unt, lvas clcr¡is;c:cì., basecl orr }tedi.urn VI (i3rov¿n

& Lj-nes, I973) , but with tho ¿rcld:i-t.:Lon of a nuntber: of (--olìlpo-

nents lçrror,rn to aicl growth of s¡recifi.c an¿rcroÌ:ic intcsLinaL

or rnürcn Ì.¡¿r<.:1-cri¿r.
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Oli the allaerclLric standard conLr:ol culturr.:s, tlon/j o.i:

, jìosc th.r1- would qt:o\,J on ÀIillr o:: orì tlle: J,,l-¡c:.*c;olii:a.i-lrilr,i

Colurnb i ¿r aqar, v,rcrc inh j b.i. Lecl by B-2-r- (iI..rb.l-e Z) .

^1 
.1. anacr.'oi:j.c;r11y i sol ¿r t-cd nqlJì.fil_+jrtli :l c_!Ll.L cr.iJ,t'u,r c:-r,

f rc-rtlt Ll'lt: t--lrree Pi(U ltati.c:nt-s r âss;ayccl ()n ¿rt-¡¿ìcrrt,rJ¡it: A:l ,.1, ¿r(_j¿rl:

¡r.l.ates t.rc r-c inhi l>:Ltc i], r^¿tr j_Ic anaerob j.c:;r1 .ly j so.l.¿r,ced

Í-ì t. l t.-oc:ot-:cLls f a cc--¿r -[ i rs crrltt.rl:cs \{ercì not: in}ri l¡ j 1:r'lc-l }-,y

irì -2-f . Tht-:se ::csu.l.t-s ¿ìrcj confliston'l- v¿j t.h frrt:r7 j_ç,¡i.¡.. r:r,:.u l i,s:

or) s j mi .ì,al nol-r*'L))(U j-solates incub¿rl-cc1 aerobic.tJ.l-y on llcrli r-rm

Ì;'i-

Tlrc I2.1 s{-r j ct-Ly an¿rcr:obic cult-r,rrr_-:s .Lsol ¿,rt-c_.d f rc_un

pet--icrnt--s D.¡1 . , L),c. t ancl s.c., and t-hc rcact.i-olrs.,; of 1-:ll(,r

crrltut--cs t:o ß-2-1-- on À1.'1.' ¡rrr:cJ. i urn arc s)ror,,¡¡r j-lr 'l';ll-r.J-c 3 . on

7\.[']', 11,9r¡, of ti-re j.so-l-at-es ÇJrc:rv suff jr:jent.J_y r¡ct (lssay 1_hr-,

t-csp(rllsu to (i.-2-t- (gr:crrvl-h on ¿rt Ietrs1- 2.5i, rs{. [-]lc ¿-ìrjrliri¡

pIat.c,'s ) . Orr Col iinrbia iìgc1ìi (rviLhouL: bJ-ood) , i,ì Illle*cc;ni-.¿r.i n-

in.1 cont¡lIrrx ntecli-u¡tt, 86. !;Ît of t-i-rc is;<¡1¿rtcs; cou Ld jte aÍ;r;uyccl.

Alt,Ìrouglì !ro\^/t,h (fn }rlat-es waf; bcl-tei: for sornc st-rairìr.ì whcn

rr'l rr'¿-r-l nn r, {- {-^ n{.}.^* l-.'n+ ,.,- i -, r-t.^ ^ f: lt-^.- . r. - rt .: .^Lv v Þ¡¡u! rr(ru L.u! -Lcl t L.¡lLj uÞt": \-Jl. .iltL.r(t t.i' J_il lJ(rlllL:

(:xJ-)el: j-urr:¡ri--s, f ormed by removal- of s.Livers of lnccl-L"r f:¡:ctm i:c-
'wecn adjd(jeut cultuv-cs on a sinqle p1.ate, $Lrowe:ri th¿rL l;he

bas-'i-c inh-ì.1¡itj-oli re¿¡ction of a strajn w¿ìsì not-, rlerpenclent-

upolì clif fusi,ou of growLh f ,Lcto::s fro¡n acljaccnl-. Ìract-er:i.¿¡ 
"

Of the genel:¿ì rcpr:'c.sentc:d in the qllot-tp oj: isol-¿rl-e:; ('ì';rbJ e 3) n

nonc of tircr 2B ågS*!9:f9-,t9i:.: j-solat.crs w¿ìs jrrhr-bj-t:cd by f,,*.2*i.

on ÂIT ntedjuni. St-re¡,rtococcLrs f ae:c¿rl j.s cul- t-:urr-:$ we¡c al-sr-r

rlot- i-nhilri-t-cd on Al T. Of- t-Ìre generiì lìi 1ji clobrct-.r-lri urn (.t O

j so l.¿rt-cs, I con't-rol) , Jlirb.-rc [-_r,tr.iu¡rr () "1 , 2) , Lar: t.ob¿rc.i J -l u:;

í4, 2i t llgplgg*qi-.'1*:lgq"_1:ltit (1.1 , 1) , anrl lr:o1.r.Lcinì i;ac;tc.:ri unr
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(6, l), no inh-i-bit-.ec1 cultures \,,¡ere found, but sorne cril1-nr:es

of each gcìnus \,vel:e isolatecl wìrich coulrl not be ¿ì.ss¿ìyc,:c1 clue

to lack of gror^rL_h on the t.cst rnedj_um.

At 1c¿rsl- onc) isol¿rtc of the gerìera pel)tococctrs

Fu s;r¡t¡¿r c t.e r:i. um , ;rncl CIostr j d:i.urn rvas j.nhil:i Lcd on ÀlT rrrccli"u¡n

by Ê-2-1-. The two Fusobacte:rium mortiferum is;ol ates
(tlable 3) were inhibj-ted., v,¡hir-e j solates and control. s t-r¿r.i.ns

of other s¡;ccics of l¡ul,;oll¿rcter:j-um ri,cre not irihibiLccl (t'¿rlr.l,e j).

of the 127 arracrol¡i-c J-so.l.at-es, only g (7g) wcr() ir-
)rib LLecl by ß-2-t otr À-LT ¿ ancl j.nliibil- j.()r1 \^/¿ìs ¿rbc.l, j shr.r,l l.c¡ r:

thcse j,s;ol-;.ttes whe:ll t'-c¡sLc<-l otl Lhc Phe-cotrt.a:Lni rig CoJ unrlr.j ¿r

agar.

l

,1

q

I

:

t
I

¡

I
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Acrobi(l¿Ì-l-Iy Íso-l"abed bactcrial c:ul'Lures artrl ¿tt)aero-

bica Ill, i.sol¿rLc:d cc)lifo::rrrs Írolrr di-et-tre¿r.t:erl ¡rhcny1..-

keLol¡ur:lc ¡:;rti.ents reacL similarly to ¡rL:,:rviously t-t:s.;terl

intcstirr¿rI l¡.rcLer j.¿r l.rotn non-l:KU ¡rntienL.s, reqar:c1i.nc¡ i¡-
Lri bi t ion rcac Lic,¡rg to iJ.-2-t Ín dr:f inc.d mcc-lia. onry 7 t, of
thc strictry anaer:ol:ic í.nLestinal l:acte.r:i¿rl isor¡¡t-es f ron

thc-'se Pt(U ¡latientsr .ìssayed using Ànaer:oJ:re Inhibition Tes1.:,

rrrccl j-um, ¿rr:c j nl"rilri.tc¡tl by ß-2-t j n t-he ¡rlate ¿ìs$ay, anrl i_his

.inhi l:i tion is aborisihcd in a phe-containi nq medi_um,

I^Ie )rave ¡r:_'cviously suggested that qenera such as

Íì¿¡.LtnonefL.r , ì')scr-rilonìolìas ancl P¡o'Le.rrs, v¡hj.ch are not-- l- l't -

hil-:ited in t--lie (=ìrìsay, rì1ay be horn<>gcneoul; in res¡rect to

¡:r:oduct.io¡i oL' ¿ì f¿¡cl-or, surch as an induc:ibl-e enzyrnc,

wliich is Li¡-i¡t-:ectj.vc against inhib_i_tj_on of the ¡:henylalanj_ne
bi-osynthel,ic patJiwa)' by ß-2-t (Brown et â1", ).g7gb).

As .i-n thc c;as:e of previr:usly studied cJr¿rn-negativc aerot¡ic
g('ri¡ct--- (Ìj¡-,-,i.,,n 6, .i.., 

j.nr:r; , 'i9'i 6) , at)¿lerobrc gc¡eï¡r h¿rve l.¡ee ¡
f ouncl, narneJ.y ll¿rctc-:r:oi clcs, Bif iclob¿lct_er:i.um , Ilr.lr;-rr--tr.:r:5.uil.r,

Lac-' i:ol¡a c -i I "L r-r s ll::1.{,Jl¡; !::ltp_1gçoig:Þ, .rnd Il r:t-rp ion J. bl c: l,-c r^ i. rmr,

i¡r whi.ch IIO sitl:¿r i.tts t.l:¿rt c¿ìn Ì:c ;-iss;r1.crc1 ¿rr.e j ¡iit:ibjtcrl l¡y

ß"2-"t. ln srJnt(: c¡lsìer.i, hr wever:, s;t--.r.ri ns; grovJ ¡toor:ly or
not at al..l o¡l tlle tr:s;t me:dium. rf i.t. can bc sJ :,,m l:h¿¡t-.

[:hc nolr-gr:owinc¡ str¡rins; are not inrri.i;it-,er], Ìry supp.tyj.nçl

ndd j tio¡la1 dr-:f:ined growi-:h J:actors t o t-.Ìrc necl j-um, t-.lrerr

mcnÛrers of t-.llc:sc g(ìncrt.'¿t, 1_ì ke .t--hosc o_{. Sinl moneJ_)_;r , ps;cl-lilo...
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nìon3q, al'ld

factor.

Othe¡:

Prg_!s:,:,

cJenera,

may ¿rlso prorlucc such a ¡:rotectì.ve

l:lsclrcri chia and

Peptococcus, Fusobacteriuln, and C lostri-

diurn arc het.erogcneous iu respect to response to g-2-L

inìribit-ion. Ttre irete::oc¡clrcity ntay refJ-ect a lack of

gcnetic utriformiL'.y bctween inhibil-ecl and non-inhj-bited

strains. No an¿ret:ol¡j.c genera have been founcl itr v;hj-c;h all

strains are inhibitecl in the absencc of l?he, in contr¿rs;t

to thc siLua1-io¡-r pr:r:vious1.y found in

Slri.<.le1l ¿r (Ilrorvn {i Lines, 1.97 6\ .

hle have found llo prcvioris referjence tc¡ thc ef fects

of fi-2-t. on altacrobic b¿rctcr:i¿r f rorn eititer I'>KLI pzrtients olt

f rorn ot-Ìrc-r so\rl:ccsi.

The s;trains l:r:coverecl f,'ront tr:cated PI([J chil.drcn (Tab.l.e 3)

prove use{ ul. in cotìrpar j.sr-l'ls wit;h ot'-hcr: human ¡-r<tpuJ-.rti ons.

Às thc speci.al. clicb for tlìc,r:lc: PI(IJ childrcn inclurlcs; s;nt¿Lll

quant:Lt--ies c¡f " acìult" f oocls , j t mi ght bc: expec t-ec1 th¿ll- ttre

incligenor-is bacter:ja isol-at-ed should be s;.im:iIar t-<¡ 1-hosc:

rcc<-rverod f r:o¡l aclult patj-tlnts.

Mata .rnd Urrutia (197] ), in a study of bl:e¿ist-fccl

Gual-em¿r.l-an childr. cn, f ound 1-h¿rt a sirnpli,f ied f l.or¿r con$ j.st--'-

inq alnrost- totally of Ilificlobacl-erium occurrecl clur:inq t--he

per:iod of exclu¡;i.ve Lrr:c¿rst feedi-ng. With pr:ogress';ive

soI i <1 f oc¡cl s;upi.rlente rrtation n Bacteroicles çTraduaIl-y bec;rmer

the most nutnerotls; bacteria" Clostridi¿r were reI:rtirzely

rar:e in thesc,r Gu¿rtenr¿r-lan chi-l,clren. In our sl-udy 22tÌj of ther

isol atcs weÍ'c,ì .l-iact-cr:oic1rls, .l-css that-r B'¿ wct:cì B i.f idob¿l ç:t:r¿l: ì.unt,

ancl 3-lç¿ 'v.Jeï c Cll or;i.-ri c-li uin. Àtl-cber:y r:t .r] . (7.t1'12 ) f-orrtlcl th¿rt-
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human volunt-Lrcrsì ferd a partietlly chenical Iy-cìef.i_nect rliet
retaj.ne<l granì-.pc;sjitive bac{-eria, wherear; winii:z et a.l_.

(197o) i¡r iì sirni-1.¿r r s1-uc1y rc¡:or:t--r:cl no sn<:lr ::etent_ion.
Dul:acter:i.unr and Clos_tt:jli-.il111 isolrrt-_cs hrere promi.ncnt _in our
stucìy. E1l-is-t'eg_le:: el- a.l_. (I975) al,so noterl a prjlîsist__

ence of Bacteroidcis and CIost.ri dium l:act-er:ia in ch.ilclren fccl
on artif ici ¿rl fo.mul¿¡ f eeds f rom bi.rtli. eual.itat.ivc.t-y,
thcrefore, thc t¡actcrial flora of thcse pI(I_l pa.f--ion¡s appcjàr..r;

to be simir.lr nei b.he:: to that of br:east--fer1 inf¿rnts; norî t<r

wc-';.tlted cLlilclrcnr Lrttt' r:efl.ccts i-¡rstc¿icl tl-re plîeriel)cie of: J.argcr

quantit j es r ,f arl:if ic-i¿rl f o:rrnrrl.¿re in Lhe cj j eL.

I¡inal 1y, il-t the presr:trt stucly, oni.y 1.2 of t-l-rc ¿Ìrìcre.r.c,L)i.(:

curl trrrcs cr:c ilrlri.l>itccl l>y ß-.2-t- orr Arr urc<.liulr " siincc:

irih-i.i;it'io¡'¡ i-s abol. j sltr,:cl f.c¡r l-Ìrosc cultu::crs orì a phr:-coni:¿ri,rr.-

ing rnecliurn, t-.hese f -incri nçf s, -i,rr comb j_na i-. j on v,¡ j_t.¡ rc.cr:, Lry
contpJ-e{-ed s_;t-r.lcì.j-es; in nrice w}rich ivj.l-.1 bc rcp(._)rtcrl ijcF)¿rr.erLel_y,

gi.r't: a fur:l-hcrr illclic¿rt-ion Ll-rat inclj.qeito¡s int-esL-i¡al bac-
tcrial ¡-ioprtì-at--ions of PI(tJ pat-i-cnt-s al:c Lrrrlìkcl.y i-o Ì-¡r-, grcai__Ly

altered dur:"i rrg t_l:eat_rnc-nt wiilr (l-Z-t.
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MEDITJM COMI'OI,IIIN':IS

Medium VI
(lSrorvn &

Lincs, 19'iB)
kr/r)

25.

¡l¿rr:;robe
nhiLri tion
r:st lulecìiunt

(ct/r)
Conrpc>ncrrL

Ad<1ec1 lrcfri:r:c: ¿rutoc.[.¿rvj nq

I

K2llPO
I(l{ 2' },'(.)

(Nlr4 )

Na ci
llgf;O4
âcfn1-

'()4
r:aLc:
. 71I20

NaCI
N¿r rìt,tcc -ì na te
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