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Abstract 27 

Purpose Application of intelligent formulation design has the ability to address the poor 28 

bioavailability and improve the fasted state bioavailability of fish oils. In this study we assessed the 29 

ability of a self-emulsifying drug delivery system (SEDDS), AquaCelle®, as an additive to enhance the 30 

oral absorption of Omega-3 ethyl esters (EE) in healthy subjects under low fat diet conditions. 31 

Methods Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) EE were formulated with 32 

AquaCelle®. A single dose (680 mg dose of oil containing 272 mg of EPA EE and 204 mg of DHA EE), 33 

randomized, double-blind, study measured uptake of EPA and DHA over 24 hours in healthy adults. 34 

Participants were randomized into two groups, receiving either the SEDDS AquaCelle® fish oil 35 

formulation or the unformulated fish oil EE as control.  36 

Results The AquaCelle® fish oil EE formulation demonstrated instant and complete emulsification 37 

on addition to water to produce an emulsion with an average diameter of 43 μm, compared to the 38 

oil alone which did not emulsify. The study revealed a significant difference in absorption (Cmax and 39 

AUC0-24h) between the AquaCelle® group and the control group. The AquaCelle® group was capable 40 

of increasing maximum plasma concentrations and absorption (AUC0-24h) of total Omega-3 (EPA + 41 

DHA) 3.7-and 7.1- fold, respectively, compared to the control.  42 

Conclusion Formulating Omega-3 EE with a SEDSS concentrate (AquaCelle®) demonstrated a 43 

significant improvement in the oral absorption of Omega-3 fatty acids without requiring a high fat 44 

meal. 45 

 46 

 47 

Keywords Omega-3; eicosapentaenoic acid ethyl ester; docosahexaenoic acid ethyl ester; 48 

bioavailability; self-emulsifying delivery systems  49 
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Introduction 50 

Long-chain Omega-3 polyunsaturated fatty acids (PUFAs), eicosapentaenoic acid (EPA) and 51 

docosahexaenoic acid (DHA), provide many health benefits including improved cardiovascular 52 

health [1,2], reduced inflammation [3], brain, eye, skin and joint disorders and improved 53 

psychological outcomes [4]. Evidence suggests that EPA and DHA reduce triglyceride levels; a 54 

combination of both EPA and DHA has demonstrated complementary physiological effects [5]. To 55 

minimize the volume of PUFAs required per dose, EPA and DHA are available in concentrated form 56 

in either a free fatty acid (FFA) form, or as an ethyl ester (EE). 57 

The FDA has approved a number of concentrated EPA and DHA formulations for the treatment of 58 

severe hypertriglyceridemia. The EE form has been found to be poorly absorbed when consumed 59 

either in a fasting state, or with a low-fat meal as recommended for people with cardiovascular 60 

disease, as sufficient absorption relies on the presence of the carboxyl ester lipase to aid digestion. 61 

Optimal Omega-3 absorption is achieved with a high-fat meal as a result of the digestion process 62 

stimulating the release of bile salts and digestive enzymes [6]. A recent study even suggested that 63 

the timing of Omega-3 administration relative to food intake influenced the bioavailability of EPA 64 

and DHA [7]. The digestive process promotes emulsification of fats resulting in increased access to 65 

digestive enzymes. Thus, for individuals on a low-fat diet, oral bioavailability of the EE form is 66 

incomplete, hence consumers require high doses of Omega-3 to achieve the recommended daily 67 

consumption. Emulsification of lipid drug delivery systems has demonstrated advantages for 68 

improving bioavailability [8,9], and when occurring prior to ingestion of fish oil, it is known to 69 

increase absorption of Omega-3 lipids [10]. Emulsification reduces the oil droplet size and greatly 70 

increases surface area of the oil-water interface. This facilitates enzymatic activity, whereby the 71 

increased surface area of the lipid droplets promotes lipase interaction, thus impacting digestion 72 

[11,12].  73 

Self-emulsifying drug delivery systems (SEDDS) have been investigated as lipid dosage forms for 74 

delivery of drugs with poor aqueous solubility [13]. SEDDS consist of lipids, surfactants, co-75 

surfactants and co-solvents that spontaneously form an emulsion in digestive fluids, aiding 76 

transportation through the intestinal epithelium. SEDDS have previously demonstrated improved 77 

uptake of Omega-3 EE’s during fasting or with a low-fat meal due to the system’s ability to mimic 78 
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the conditions of the fed-state [14-17], and have demonstrated a mitigated food effect for Omega-79 

3 EE’s [18]. AquaCelle® is a customizable self-emulsifying technology, which has been clinically 80 

proven to optimize bioavailability and maintain product stability for numerous poorly water soluble 81 

active ingredients such as CoQ10, vitamins A, D, E and K, lutein and curcumin [19]. Due to the 82 

successful application of AquaCelle® to a range of lipophilic moieties, it was predicted that 83 

AquaCelle® may be able to provide a superior enhancement in absorption and bioavailability of 84 

Omega-3. 85 

This study was designed to compare the pharmacokinetics of a single dose of fish oil (containing 86 

680 mg of oil with 272 mg EPA and 204 mg DHA as EE when dosed with and without AquaCelle® on 87 

increasing Omega-3 fatty acid concentrations (EPA + DHA) in healthy participants over a 24 hour 88 

period. As both study groups received the same fish oil, the ability of AquaCelle® to improve 89 

bioavailability of EE forms of EPA and DHA on a low-fat diet will be assessed. In addition, selected 90 

physicochemical analyses have been undertaken and provided to elucidate the improved in vivo 91 

performance. 92 

 93 

Experimental Methods 94 

Preparation and characterization of SEDDS Formulation 95 

AquaCelle Omega-3 EE  (AO EE) SEDDS were prepared in soft-gel capsules after mixing 15 % (w/v) 96 

AquaCelle® (lime oil, coconut oil fractionated, lecithin (sunflower), lecithin (oat), olive oil, 97 

polyglycerol polyricinoleate, and dl-alpha tocopheryl acetate) and EE fish oil (85 % (w/v)).  98 

 99 

Droplet size and zeta potential 100 

Size analysis of self-emulsifying formulations requires a standardized method, as typical sample 101 

preparation techniques may impact the droplet size due to application of shear either via mixing, 102 

sonication or filtration.  In this study the droplet size and emulsification of the SEDDS was analyzed 103 

using a Mastersizer 3000 (M, UK), according to the method proposed by Vasconcelos et al. [20]. 104 

Briefly, SEDDS was added to 400 mL of purified water in the measurement beaker to obtain an 105 
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obscuration between 3 and 20%. Continuous dispersion was maintained at 1750 rpm with no 106 

ultrasound.  Droplet size measurements were recorded continuously for 330 s. Cumulative particle 107 

diameters corresponding to D10, D50 and D90 were documented. Zeta potential of the emulsions 108 

were determined using phase analysis light scattering (PALS) method (Malvern Zetasizer Nano ZS, 109 

Worcestershire, UK) at 25 °C.  110 

 111 

Clinical Study Design and Procedures 112 

A single equivalent dose, randomised, double blinded study was used to evaluate the absorption of 113 

2 Omega-3 formulations administered in single 680 mg (272 mg of EPA and 204 mg of DHA) doses 114 

contained in a soft-shell capsule. Enrolled participants were allocated to 1 of 2 groups; Group 1 – 115 

680 mg Omega-3 capsule with no additive (standard formulation) or Group 2 – 680 mg Omega-3 116 

with AquaCelle® (AO EE). Omega-3 absorption was determined from blood samples taken prior to 117 

dosing (t = 0), followed by intervals of 2, 4, 6, 8 and 24 hours post supplementation. 118 

All trial participants, investigators conducting the trial and the biochemist analyzing the samples 119 

were blinded to who received each product. Only upon the completion of all statistical analysis was 120 

the randomization code broken. This study was conducted in accordance with ethical approval from 121 

Bellberry Limited, an NHMRC accredited Human Research and Ethics Committee. All participants 122 

provided written informed consent and were screened for inclusion and exclusion criteria prior to 123 

the conduct of the study. 124 

 125 

Subjects 126 

A minimum sample size of 15 participants was required per group for the primary outcome analysis 127 

to be powered at 80%. This is calculated to detect a change in plasma Omega-3 of 100% (2-fold) 128 

with a 5% chance of a type 1 error. A total of 62 subjects were enrolled in the study (n=31 per 129 

group). Two subjects withdrew during the study resulting in 60 subjects completing the study (n=30 130 

per group). Subjects were adult male (n=22) and female (n=38); (non-pregnant and non-lactating) 131 

volunteers between the ages of 18-36 years. All participants were in normal physical health (BMI 132 

18.5-24.9), as assessed through subject screening (e.g. medication use). There was no difference 133 
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between groups in baseline characteristics. Refer to table 1 for a summary of subject demographics 134 

for group 1 (standard fish oil) and group 2 (AquaCelle® fish oil). 135 

 136 

Dosing and sample collection 137 

All participants were advised to fast from 10:00 pm the night prior to the study commencing. A 138 

single 680 mg oral capsule of Omega-3 oil was administered to each participant, with half the 139 

participants receiving the standard fish oil and the other half provided with the AquaCelle®-140 

containing fish oil. The participants were provided a low-fat breakfast and lunch 30 min and 4 h 141 

post administration, respectively. Snacks were also provided by the center. Meals were 142 

standardized and nutritionally balanced during the 0-8 hour sample collection period. A full 143 

description of the diet can be found in Table 2.   144 

Blood samples were collected at 2, 4, 6, 8 and 24 h post-supplement ingestion from the antecubital 145 

fossa using a 21 G EclipseTM needle (BD, New Jersey) and 3 or 6 mL vacutainer containing lithium 146 

heparin (BD, New Jersey). Blood samples were immediately centrifuged at 4 °C for 10 min (2300 147 

RPM). Plasma was collected and temporarily stored at -20 °C (<48 hours) before being transported 148 

and stored at -80 °C to await analysis. 149 

Subjects remained on site for the full 8 hours of sample collection. Only participants who provided 150 

at least 5 of the 6 samples collected between 0- 24 hours had their data analyzed. 151 

 152 

Safety Analysis 153 

Subjects were monitored and asked to report any side effects experienced as a result of Fish Oil 154 

supplementation while at the research center. Upon returning for the 24-hr sample, participants 155 

were again asked if they experienced any symptoms. 156 

 157 
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Bioanalysis 158 

Plasma was transferred to a screw-cap glass vial which contained heptadecanoic acid as in internal 159 

standard (C17:0) and BTM (methanol containing 14% boron trifluoride, toluene, methanol; 160 

35:30:35 v/v/v) (Sigma-Aldrich, St. Louis, MO). The vial was briefly vortexed and heated in a hot 161 

bath at 100˚C for 45 min. After cooling, hexane (EMD Chemicals, USA) and HPLC grade water was 162 

added. The tubes were vortexed and centrifuged to aid in layer separation. An aliquot of the 163 

hexane layer was transferred to a vial for analysis of plasma Omega-3 PUFA concentrations using 164 

gas chromatography (GC) with flame ionization detection.  165 

GC was carried out using a GC-2010 Gas Chromatograph (Shimadzu Corporation, Columbia, MD) 166 

equipped with a SP-2560, 100-m fused silica capillary column (0.25 mm internal diameter, 0.2 um 167 

film thickness; Supelco, Bellefonte, PA). Fatty acids were identified by comparison with a standard 168 

mixture of fatty acids (GLC OQ-A, NuCheck Prep, Elysian, MN) which was also used to determine 169 

individual fatty acid calibration curves. The C17:0 was used to calculate recovery efficiency of the 170 

assay and applied to all fatty acids. 171 

Statistical Analysis 172 

Plasma EPA and DHA concentrations were measured at each time-point (0, 2, 4, 6, 8 and 24 hours). 173 

As there is endogenous EPA and DHA in the plasma, the absorption results were calculated as a 174 

change from baseline (Baseline corrected) for each participant at each time-point for the measured 175 

EPA and DHA values. Any data points that resulted in a negative number were given a value of “0”. 176 

Area under the curve (AUC0-24 h) for each treatment and each plasma was calculated in Stata (V14) 177 

using the trapezoidal model in Stata’s PK module. Maximum concentration (Cmax) and time to 178 

maximum concentration (Tmax) were also calculated using the Stata module. Descriptive statistics 179 

for primary and secondary measures, including arithmetic mean, standard deviation mean, and 180 

geometric mean for each trial arm by plasma type (i.e. EPA, DHA and EPA + DHA) were calculated. 181 

 182 
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Results 183 

Physicochemical characterization of Omega 3 formulations 184 

In the absence of surfactants or emulsifiers and application of shear, the control fish oil was not 185 

expected to emulsify when added to water. While some oil drops were formed upon addition to 186 

water, the control fish oil did not emulsify under conditions used during particle size measurement 187 

as evident from an oil layer remaining at the air/water interface. In contrast, the AO EE formulation 188 

emulsified rapidly when added to water, forming a translucent solution. After 330 s measurement 189 

time, a mono-dispersed emulsion was produced (Fig. 1) with a D50 of 43 ± 2.58 μm. This was 190 

obtained under low agitation conditions and suggests emulsification in the gastro intestinal tract 191 

(GIT) to occur spontaneously. Zeta potential of AO EE emulsion after dispersion in water was -27 192 

mV. The negative charge results from the anionic lecithin molecules adsorbed at the oil-water 193 

interface, providing electrostatic repulsion between the oil droplets aiding in stability. 194 

 195 

 196 

Fig. 1 Emulsion droplet diameter of AO EE formulation dispersed in water 197 

 198 

Clinical bioavailability study 199 

Baseline concentrations of plasma EPA and DHA were measured for each individual in the trial. 200 

There was no significant difference between baseline plasma concentration or demographic 201 

features between the two groups. The single dose was well tolerated in both treatment groups, 202 
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with no participants reporting any nausea, vomiting or diarrhea. No participants consuming the AO 203 

EE formulation reported a ”fishy” aftertaste or burp, compared to five in the control group. 204 

Baseline-adjusted plasma concentrations of EPA and DHA measured over 24 hours after a single 205 

dose of 680 mg standard fish oil EE or AO EE indicated a significant increase (p < 0.05) in absorption 206 

of both EPA and DHA when formulated with the AquaCelle® technology (Fig. 2). Total Omega-3 207 

(EPA + DHA) absorption also increased 6-fold over the 24 h study (Fig. 3), with the AO EE group 208 

demonstrating a greater AUC(0-24h) compared to the control. Plasma concentration of EPA, DHA and 209 

EPA + DHA increased from baseline after ingestion of all formulations and was observed to plateau 210 

after approximately 8 h. 211 

 212 

Fig. 2 EPA (a) and DHA (b) plasma concentration-time profiles (base-line adjusted change) after a 213 

single dose of standard fish oil (▲) or AO EE fish oil (●). Each value represents the geometric mean 214 

± SE (n = 30) 215 

 216 
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 217 

Fig.3 Total EPA and DHA plasma concentration-time profiles (base-line adjusted change) after a 218 

single dose of standard fish oil (▲) or AO EE fish oil (●). Each value represents the geometric mean 219 

± SE (n = 30) 220 

 221 

Pharmacokinetic analysis of the baseline-adjusted AUC(0-24h), Cmax and Tmax for EPA, DHA and 222 

EPA+DHA after a single dose of AO EE or control fish oil EE are presented in   223 
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Table 3, Table 4 and Table 5, respectively. Both Cmax and AUC(0-24h) of the AO EE formulation 224 

increased significantly (p < 0.052) compared to the unformulated oil. For EPA, DHA and EPA + DHA, 225 

both groups had a medium Tmax of approximately 6-9 hours, and there was no significant difference 226 

observed between the two treatments. 227 

A significant increase in Cmax was observed for the AO EE cohort compared to the control group, 228 

with the Cmax of EPA and DHA increasing 2.8 and 3.5-fold, respectively. Total EPA + DHA also 229 

increased significantly (p < 0.05) by 3.2 times compared to the unformulated oil. The AO EE 230 

formulation generated a significant response in the geometric mean of AUC(0-24h) for EPA (5.1 times 231 

higher) and DHA (6.9 times higher) compared to the control group (Fig. 4). There was also a 232 

significant increase in geometric mean of AUC(0-24h) for total absorption of EPA + DHA (6.1 times 233 

higher, p < 0.05) compared to the unformulated oil.  234 

 235 

Fig. 4 Pharmacokinetic parameter ratio for EPA, DHA and total EPA+DHA of AO EE vs Standard fish 236 

oil. Bars represent the ratio between the geometric means 237 

 238 
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Discussion 239 

Emulsification of fish oil prior to entering the intestine has been documented to improve intestinal 240 

absorption [10,21]. Traditional SEDDS used in oral delivery for emulsification upon ingestion, form 241 

small vesicles, typically less than 1 μm diameter, as demonstrated schematically in Fig. 5. The high 242 

surfactant concentration (greater than 40 %) promotes micelle formation, in which the oil phase 243 

resides in the micellar interior. AquaCelle® is a SEDDS formulation containing lipid and emulsifiers. 244 

When 15 % (w/v) AquaCelle® was added to the Omega-3 EE fish oil, the emulsifiers are present at 245 

significantly lower concentration compared to traditional SEDDS, however, ability to spontaneously 246 

emulsify the fish oil on addition to solution was retained. As the emulsion progresses through the 247 

GIT into the small intestine, endogenous emulsifying molecules such as bile salts are encountered. 248 

Bile salts adsorb at the oil-water interface and promote lipolysis by further stabilizing new 249 

interfacial area and facilitate enzyme interaction with the lipids as digestion proceeds [22]. While 250 

the droplet size produced by the AO EE formulation is larger than typically reported for self-micro 251 

emulsifying drug delivery systems, the concentration of emulsifiers used is low (15%) compared to a 252 

more typical 40 to 80 % [8].  253 

 254 

Fig. 5 Schematic of the influence of SEDDS on reducing the emulsion droplet size of fish oil and the 255 

relationship with bioavailability. 256 

 257 

It has been consistently reported in literature that when ingested on a fasting or low-fat diet, the 258 

chemical form of EPA and DHA (triglyceride, free fatty acid or EE plays a significant role in 259 
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bioavailability. Of the three chemical forms, the EE form results in the lowest plasma levels of EPA 260 

and DHA [23]. This is due to the additional digestion required by carboxyl ester lipase which is 261 

stimulated upon the consumption and digestion of fat. However, the National Cholesterol 262 

Education Program (NCEP) recommends that patients with hypertriglyceridemia consume meals 263 

with a very low-fat content (<15% fat content) [24]. This means that if following NCEP guidelines, 264 

patients who are taking fish oil will not achieve therapeutic Omega-3 concentrations. Lipid-based 265 

formulations, such as SEDDS, are known to mimic the pharmaceutical food effect; a phenomenon 266 

where the bioavailability of active compounds is increased when administered with a fatty meal.  267 

In this study, the EE form of fish oil was employed and participants consumed the fish oil on a 268 

fasting stomach, followed by a low-fat breakfast and lunch containing no Omega-3’s. This 269 

minimized the dietary lipids contributing to the measured Omega-3 concentrations. Formulating 270 

the fish oil EE with surfactants (AO EE) enabled rapid self-emulsification, as observed in in vitro 271 

analysis. The smaller emulsion drop diameter of the AO EE formulation provides a higher surface 272 

area to enable the carboxyl ester lipase access to the fish oil EE’s for improved digestion and 273 

absorption of EPA and DHA. This process resulted in the higher plasma levels of EPA and DHA 274 

observed for the AO EE formulation in terms of Cmax and AUC(0-24h) than measured for the control 275 

group. In the current study, formulation with AquaCelle® increased Cmax significantly for EPA, DHA 276 

and EPA + DHA, by 2.8, 3.5 and 3.2 fold respectively. This supports a recent study formulating an 277 

Omega-3 EE with emulsifiers where a 6.7- and 2.68- fold increase in Cmax was observed for EPA and 278 

DHA, respectively [14]. Other recent studies formulating the EE fish oil as SEDDS also reported 279 

improved bioavailability of EPA and DHA EE’s compared to other unformulated EE fish oil [16] or a 280 

commercial EE fish oil product, Lovaza [15,17]. Thus, the incorporation of AquaCelle to fish oil 281 

allows for enhanced Omega-3 absorption without the requirement to consume a high-fat meal 282 

which is extremely beneficial.    283 

A 6.1 times higher AUC(0-24h) for absorption of total EPA + DHA was achieved by formulation with 284 

AquaCelle® compared to the unformulated oil. The AquaCelle® emulsifier effect is similar to that 285 

reported by Qin et al. [14], and 6 times that of Lopez-Tolendo et al. [15]. Although a cross-over trial 286 

design was not followed in the current study, the randomized double blinded study was designed in 287 

accordance with good clinical practice guidelines with every effort made to account for variables in 288 
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absorption differences between individuals in each group. Importantly, in this study the same fish 289 

oil was used for both the control and the AO EE group. Therefore, the increase in AUC(0-24h) and Cmax 290 

can be solely attributed to the addition of AquaCelle® and the associated production of an 291 

emulsified state. Delivering the Omega-3 EE in a form that spontaneously emulsifies upon ingestion 292 

increased the surface area of the oil providing improved access to digesting lipases, increased 293 

efficiency in hydrolysis and ultimately, improved absorption.  294 

Typically SEDDS formulations contain greater than 40 % emulsifiers [8]; the high concentration of 295 

emulsifiers  used in SEDDS has resulted in drug instability issues and irritation of the GIT with 296 

sustained use [25].  However, the AO EE formulation contains a low concentration (15 %) of added 297 

excipients, to 85 % ethyl ester fish oil. Thus allowing a higher dose of fish oil to be delivered per 298 

capsule, and a decreased potential for intestinal irritation resulting from high doses of surfactants. 299 

The total Omega-3 acids present in the AO EE formulation was determined to be stable over 18 300 

months storage. Thus, the increased efficacy and tolerability of Omega-3 EE formulated with 301 

AquaCelle® provides a promising approach for oral delivery of Omega-3 EE. 302 

 303 

Conclusion 304 

An Omega-3 EE SEDDS using AquaCelle® offered more extensive oral bioavailability of the long 305 

chain fatty acids, EPA and DHA, compared to the unformulated Omega-3 EE oil. Ability of the 306 

AquaCelle® formulation to emulsify the Omega-3 EE oil upon addition to the liquid environment in 307 

the stomach provided an increased surface area for improved digestion and long chain fatty acid 308 

absorption, without the requirement of a fatty meal. This SEDDS formulation is an effective 309 

approach to deliver EE forms of Omega-3 fish oil compared to currently available formulations. 310 
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 Table 1 Baseline demographics of completed study participants 401 

 Standard Fish Oil  AquaCelle® Fish Oil Total 

Number 30 30 60 
Age (years) 24.2 (19-36) 24.8 (20-35) 24.4 (20-36) 
Male 10 12 22 
Female 20 18 38 

 402 

Table 2 Food provided during the study 403 

 Kilojoules Fat (g) Protein (g) Carbs (g) 

BREAKFAST     

   Cereal, 45g 662 0.8 3.9 31.3 

   Skim milk, 1 cup 381 0.3 9.4 12.5 

   Apple, 1 medium 396 0.7 0.5 19.5 

   Orange juice, 250ml 283 0.2 2.1 14.2 

SNACK     

   Banana, 1 medium 380 0.3 1.4 19.2 

LUNCH     

   Bread (non-fortified), 2 slices 636 1.5 7.4 24.8 

   Lettuce, 1 large leaf 6 0 0.1 0.1 

   Tomato, 2 slices 18 0 0.2 1.1 

   Carrot, 50 g 72 0 0.5 4.5 

   Beetroot, 2 slices canned 33 0 0.4 2.5 

   Chicken, ½ cup 477 3.4 20.8 0 

   Mayonnaise (low fat), 1 tsp 29 0.2 0 1.3 

   Rice (white), ½ cup 561 0.1 2.3 30.1 

SNACK     

   Biscuit (2 choc chip), 16 g 126 5.6 1.4 17.1 

TOTAL 4060 12.9 50.4 178.5 

 404 

  405 
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Table 3 Summary of pharmacokinetic parameters for EPA by treatment. R is the ratio of the 406 

geometric mean for the pharmacokinetic parameters, AM: arithmetic mean, GM: geometric mean 407 

and SE: standard error 408 

PK 
Parameters 

EPA  

Standard Fish Oil  AquaCelle® Fish Oil EE R 

AM GM SE  AM GM SE  

AUC (0-24h) 68.60 23.14 24.81  158.29* 117.44* 24.90 5.08 
Cmax (µg/mL) 6.73 3.23 1.51  11.81 9.00* 1.62 2.79 
Tmax (h) 10.72 7.91 1.57  14.28 11.37 1.64  

 *significant difference p < 0.05 409 

Table 4 Summary of pharmacokinetic parameters for DHA by treatment. R is the ratio of the 410 

geometric mean for the pharmacokinetic parameters, AM: arithmetic mean, GM: geometric mean 411 

and SE: standard error 412 

PK 
Parameters 

DHA  

Standard Fish Oil  AquaCelle® Fish Oil EE 
R 

AM GM SE  AM GM SE 

AUC (0-24h) 81.59 27.38 22.69  302.03* 188.50* 57.69 6.88 
Cmax 
(µg/mL) 

7.46 4.19 1.46  22.99* 14.49* 4.72 3.46 

Tmax (h) 9.92 7.31 1.48  11.93 9.41 1.53   
 *significant difference p <0.05 413 

Table 5 Summary of pharmacokinetic parameters for the total EPA + DHA by treatment. R is the 414 

ratio of the geometric mean for the pharmacokinetic parameters, AM: arithmetic mean, GM: 415 

geometric mean and SE: standard error 416 

PK 
Parameters 

DHA + EPA  

Standard Fish Oil  AquaCelle® Fish Oil EE 
R 

AM GM SE  AM GM SE 

AUC (0-24h) 150.2 50.40 40.50  460.32* 305.94* 69.83 6.10 
Cmax 
(µg/mL) 

12.94 7.45 2.61  34.81 23.49* 5.43 3.15 

Tmax (h) 10.24 7.61 1.32  13.10 11.12 1.34  
 *significant difference p <0.05 417 


