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Abstract 

Herbal medicines are perceived to be safe by consumers and health practitioners alike, despite 

growing evidence of wide spread adulteration and contamination. The substandard quality of 

herbal medicines, coupled with their escalation in popularity, coincide with an increase in 

adverse drug reactions (ADRs) to herbal medicines. With little known about the quality of 

herbal medicines used in Australia, it is possible that ADRs are not only in response to the 

active ingredient, but possibly caused by adulterants, contaminants, and a lack of awareness 

regarding herb-drug interactions. 

 

Herbal medicines have been used in traditional medicinal practice across many cultures and 

centuries. However, the modern medicine market place has changed, and the herbal medicine 

industry has had to adapt. Chapter one titled “Traditional Medicine, Modern Issues” explores 

the evolution of Western Herbal Medicine and its associated risks. 

 

The role of herbal medicine in the treatment of common psychiatric disorders has become 

more established over the past decade, yet the quality of such preparations is not fully 

understood. Chapter two titled “Adulterants and Contaminants in Psychotropic Herbal 

Medicines Detected with High Performance Liquid Chromatography and Next Generation 

DNA Sequencing” found adulteration and contamination of 96% of tested psychotropic herbal 

medicines. This shows that these preparations are a potential health risk. 

 

A large proportion of Australian pain sufferers are seeking herbal medicines to treat their 

condition. Chapter three titled “Combined Liquid Chromatography-mass spectrometry and 

Next Generation DNA Sequencing Detection of Adulterants and Contaminants in Analgesic 

and Anti-inflammatory Herbal Medicines” investigated the purity of 49 anti-inflammatory 



 xiii 

and analgesic herbal medicines and as for psychotropic herbal medicines found high levels of 

adulteration and contamination. 

 

To assess the extent of adulteration and contamination of herbal medicines internationally, 

Chapter four titled “An analysis of Vietnamese Traditional Herbal Medicines for prescription 

and non-prescription drugs, herbicides and pesticides” analysed a selection of Vietnamese 

herbal medicines. The results showed no evidence of augmentation with synthetic 

pharmaceuticals, herbicides or pesticides, demonstrating that the adulteration and 

contamination of herbal medicines is not universal. 

 

ADR reports have long been used as a surveillance tool to detect adverse reactions to drugs 

within a population. The overall impact of herbal medicines on the Australian population is 

currently unknown, largely due to the tendency for herbal ADRs to be underreported. Chapter 

five titled “Analysis of spontaneous adverse drug reactions to Echinacea, Valerian, Black 

Cohosh and Ginkgo in Australia during the period 2000-2015” analysed ADRs to commonly 

used herbal medicines. The results showed the most severe ADRs involved herb-drug co-

administration, emphasising the risk that herb-drug interactions can pose. 

 

To compare ADRs to herbal medicines with ADRs to equivalent synthetic medicines, Chapter 

six titled “A comparison of patterns of spontaneous adverse drug reaction reporting with St. 

John's Wort and fluoxetine during the period 2000-2013” compared ADRs to a herbal 

selective serotonin reuptake inhibitor (SSRI) with ADRs to a synthetic SSRI. Results showed 

they had a similar profile of severity. 

 



 xiv 

The accuracy of labelling on herbal medicine products and clear health warnings is an 

important health, legal and environmental issue. Chapter seven titled “Hypersensitivity 

Adverse Drug Reactions to Glucosamine and Chondroitin Preparations in Australia Between 

2000 – 2011” highlights this importance, with particular respect to allergic-type reactions. 

 

In Australia, the common belief is that herbal medicines are rigorously monitored for safety 

and efficacy by regulatory bodies, when in fact, the regulation of the herbal medicine industry 

is largely self-assessed and trust-based. The work presented describes the state of herbal 

medicine in Australia to show widespread adulteration and contamination, and improves 

public understanding of the risks associated with herbal medicine use, particularly in 

conjunction with prescribed medicines.  

 

 



 xv 

Student Declaration 

I certify that this work contains no material which has been accepted for the award of any 

other degree or diploma in my name, in any university or other tertiary institution and, to the 

best of my knowledge and belief, contains no material previously published or written by 

another person, except where due reference has been made in the text. In addition, I certify 

that no part of this work will, in the future, be used in a submission in my name, for any other 

degree or diploma in any university or other tertiary institution without the prior approval of 

the University of Adelaide and where applicable, any partner institution responsible for the 

joint-award of this degree.  

I acknowledge that copyright of published works contained within this thesis resides with the 

copyright holder(s) of those works.  

I also give permission for the digital version of my thesis to be made available on the web, via 

the University’s digital research repository, the Library Search and also through web search 

engines, unless permission has been granted by the University to restrict access for a period of 

time. I acknowledge the support I have received for my research through the provision of an 

Australian Government Research Training Program Scholarship. 

 

Claire Louise Bolt Hoban 

 

February, 2020 



 xvi 

Acknowledgements 

 

I wish to acknowledge and thank my supervisors Dr. Ian Musgrave and Prof. Roger Byard for 

their expertise throughout my undergraduate, research scholarship, honours research and now 

PhD studies.  

I wish to acknowledge the University of Adelaide for their support in my studies and granting 

a divisional scholarship. 

I wish to acknowledge my fellow PhD student, Rachael Farrington for her friendship and 

support with toxicology work.  

I wish to acknowledge my research collaborator Christine Nash at Forensic Science South 

Australia,  Megan Coghlan at Curtin University, Garth Maker at  Murdoch University and our 

collaborators for their ongoing efforts in producing our body of work.  

I wish to acknowledge my parents, Jane and Richard Bolt, for founding my interest in 

learning. My husband, Luke Hoban, for his love and support, and without whom this research 

would not have been possible. Lastly, I wish to acknowledge my three children; Henry, 

Charlotte and Sophie, who made me a mother during my candidature and provided me with 

all the motivation I needed. 

 

 

 

 

 

 



 xvii 

Abbreviations 

2,4-D 2,4 dichlorophenoxy acetic acid 

2,4,5- T 2,4,5-trichlorophenoxyacetic acid 

ADRs Adverse Drug Reactions 

ANOVA Analysis of variance 

ARTG Australian Register of Therapeutic Goods 

BLAST Basic Local Alignment Search Tool 

bp base pair 

BuCl Butyl Chloride 

CAM Complementary and Alternative Medicine 

CITES Convention on International Trade in Endangered Species of Wild 

Fauna and Flora 

DDT dichlorodiphenyltrichloroethane 

DNA Deoxyribonucleic Acid 

dNTPs deoxyribonucleotide triphosphates 

ESI electrospray ionisation 

GC-NPD/MS gas chromatography with nitrogen-phosphorus and mass spectrometer 

detection 

GC/ECD gas-chromatography/electron-capture- detector 

GMP good manufacturing practice 

HPLC high-performance Liquid Chromatography 

ICP-MS inductively coupled plasma with mass spectrometer 

LC-QTOF-MS liquid chromatography with quadrupole time-of-flight mass 

spectrometer 

LC-UV liquid chromatography with UV/vis diode array 

MgCl2 Magnesium Chloride 

MID multiplex identifier 

MS mass spectrometry 

mtDNA mitochondrial DNA 



 xviii 

NCBI National Centre for Biotechnology Information 

NGS next-generation DNA sequencing 

OA Osteoarthritis 

OTC Over the counter 

PBS Pharmaceutical Benefits Scheme 

PCR polymerase chain reaction 

PFP Pentaflourophenyl 

QC Quality Control 

qPCR quantitative polymerase chain reaction 

RPBS Repatriation Pharmaceutical Benefits Scheme 

rRNA ribosomal Ribonucleic acid 

SF-ICP-MS sector field ICP- MS 

SPE solid phase extraction 

SSRI selective serotonin reuptake inhibitor 

SSRI Selective Serotonin Reuptake Inhibitor 

TCM traditional Chinese medicines 

TGA Therapeutic Goods Administration 

WHO World Health Organization 

 

 



 1 

Statement of Authorship 

 

  



 2 

  

1. Traditional Medicine, Modern Issues: Herbal Medicine use in Australia 

 

Hoban CL1, Musgrave IF1  

 

1 School of Medicine, The University of Adelaide, Adelaide, South Australia, Australia 

  



 3 

1.1. Abstract 

Following trends in developed world, the use of herbal medicines (HM) by Australian 

consumers continues to grow.  The general public believe that HM is a safer option than 

conventional medicine because it is a natural product, despite a growing number of reported 

adverse drug reaction to HM, along with studies showing high levels of adulteration and 

contamination of HM. Additionally, new research has shed light on the poor quality of HM 

available on the global marketplace, pointing to substandard regulatory controls. Given that 

developed countries with similar regulatory standards to Australia are included in this 

research, there is a strong likelihood that Australia faces a similar problem with HM and 

dietary supplement quality. There is also the possibility that adverse drug reactions (ADRs) to 

HM are not only due to the active herb or interaction with prescription medicines, but 

possibly caused by adulterants, contaminants and substituted ingredients in a HM product. 

While HM is the oldest and still the most widely used system of medicine in the world today, 

the industry has changed as technology has advanced and the online global market place has 

expanded. This article describes the use of HM in the Australian population and issues 

surrounding its use. Ultimately, new research needs to be incorporated into policies and 

controls to keep the Australian population healthy and safe when consuming HMs. We need 

to consider the opportunities in new technology for pre-market auditing to inform best 

practice pharmacovigilance for regulatory bodies, and raise consumer awareness of the risks 

HM may pose to their health. 
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1.2. Background 

HM is the oldest and still the most widely used system of medicine in the world (Lip, 1996). 

It is the main form of traditional medicine used globally (Li and Weng, 2017), and the 

foundation for many modern conventional medicines. HM are part of the broader category of 

Complementary and Alternative Medicines (CAM) and defined as plant-derived materials or 

preparations with therapeutic or other human health benefits that contain either raw or 

processed ingredients from one or more plants (World Health Organization, 2000). Herbs 

include crude plant materials such as leaves, flowers, fruits, seeds, stems, wood, bark, roots, 

rhizomes or other plant parts, which may be entirely fragmented or powdered (World Health 

Organization, 2000) and can be consumed as powders, tablets, capsules, bile flakes, and 

herbal teas (Coghlan et al., 2012).  

Evidence of the efficacy of plants to prevent and treat variety of maladies has been 

documented for centuries (Li and Weng, 2017). This evidence began as ancient anecdotes, 

and evolved with scientific methods through to modern clinical trials, and systematic reviews 

of those trials. Results show that some HMs can be effective in preventing, treating or at least 

reducing the severity and duration of illness (Ng et al., 2017). Popular Western HM’s include 

St John’s Wort and Echinacea (Smith et al., 2019). A review of 27 clinical trials with a total 

of 3808 patients found that St John’s Wort had comparable efficacy and safety when 

compared to prescribed SSRIs for treatment of mild-to-moderate depression (Ng et al., 2017). 

In contrast, despite Echinacea’s popularity, a systematic review by Karsch-Völk et al. (2014) 

of 24 controlled clinical trials with 4631 participants investigating the effectiveness of several 

different Echinacea preparations for preventing and treating common colds or induced 

rhinovirus infections showed no statistically significant effects. 
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The modern pharmaceutical industry developed in the early nineteenth century, in part based 

on the research into medicinal plants for therapeutic compounds (Li and Weng, 2017). For 

example, the most commonly used drug in the world is one of the best-known examples of a 

conventional medicine (aspirin) being derived from plant matter (willow bark) (Montinari et 

al., 2019).   

Following the trends of other developed countries, the use of HM in Australia has increased in 

recent years (Hoban et al., 2020). The growing popularity of HM use for a wide range of 

preventative health issues and diseases has seen a number of safety issues arise. These include 

adverse drug reactions (ADRs), overdose, contamination, adulteration, ingredient substitution, 

herb-drug interactions (HDIs), unethical marketing and regulatory inadequacies (Barnes et al., 

2016). Despite these issues, consumers and regulators alike are largely unaware of the exact 

ingredients of HM preparations, and how they are tolerated in the Australian population (by 

measure of ADRs) (Drew and Myers, 1997). 

1.3. The rising popularity of herbal medicine use in Australia and public perception 

CAM use is becoming increasingly popular as a monotherapy and co-therapy in Australia 

(Cohen et al., 2005; MacLennan et al., 2006; Wardle and Adams, 2013), and worldwide 

(Ernst and White, 2000; Hunt et al., 2010) often without the knowledge and guidance from 

their healthcare professional (Xue et al., 2007). It is estimated that two out of three 

Australians use these products (MacLennan et al., 2006) however, the exact prevalence is 

unable to be quantified due to the over-the-counter (OTC) access to HM.  The reasons people 

report taking HMs include disillusionment with conventional therapy and conventional 

practitioners, simplicity of HM use, perceptions about complementary, and HMs being more 

compatible with ‘health,’ ease of accessibility, peer pressure, prevention of aging, and 

autonomy, and side effects of conventional medicines  (Siahpush, 1999; Moses, 2005; Barnes 
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et al., 2016; Skalicka-Woźniak et al., 2017). Reid et al. (2016) also report that consumers have 

a perception that CAM practitioners are more supportive towards their health compared to 

other health professionals (Adams et al., 2003; Steele et al., 2012).  

There are a number of indicators which highlight the popularity of HMs.  The Australian 

market for herbal and traditional products is AUD $3.46 billion (Complementary Medicines 

Australia, 2018). HMs are sold through 5,500 pharmacies, 3,500 supermarkets and 500 health 

food stores Australia wide (Complementary Medicines Australia, 2018). There has been an 

increase in recognised educational alternative medicine courses, and therefore the number of 

HM practitioners has grown to meet consumer demand (Kooreman and Baars, 2012). In 

Australia, research surrounding CAMs such as HM have increased as shown by the number of 

grants awarded, although CAM professions have a low level of engagement with high-level 

health and medical research in Australia (Wardle and Adams, 2013). This is also reflected in 

the amount of literature published on HM, which has seen an increase over the last 30 years, 

in particular; reviews and randomized controlled trials (Hung and Ernst, 2010). The most 

popular HMs in Australia are aloe vera, garlic, green tea, chamomile, echinacea, ginger, 

cranberry, peppermint, ginseng, and Gingko biloba (Barnes et al., 2016). A 2007 national 

population-based survey found the most common characteristics of CAM users were age 18-

34 years; female; employed; well-educated; had private health insurance coverage; and 

higher-than-average incomes (Xue et al., 2007). 

The popular public belief is that HMs are “natural” and therefore “safer” and “healthier” than 

conventional medicines (Sakurai, 2011). Because of this opinion, patients often refrain from 

telling their physicians if they are using an HM  (Raynor et al., 2011; Lynch and Berry, 2007). 

This increases the likelihood for HM users to underestimate the risks associated with HMs, 

and not to report an ADR to a HM, as they also believe that it is not likely to be responsible 
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for any adverse symptoms they have experienced (Neergheen-Bhujun, 2013). Reasons for 

underestimating the risk of HMs include a prolonged history of use within a patient’s heritage 

(Adler and Fosket, 1999), and because of HM significant history (Mosihuzzaman, 2012). The 

lack of communication between patients and medical practitioners regarding the use of HM 

and the ‘don’t ask, don’t tell’ mentality mean that patients are uninformed of the correct use 

of HMs, and possible interactions and risks (Shelley et al., 2009). This also contributes to the 

underreporting of ADRs to HMs. 

 

 

1.4. Modern issues with herbal medicines  

Although herbal products are claimed to be safe and beneficial (especially on social media 

sites) (Byard et al., 2017), it is difficult to reconcile that they can have a positive biological 

effect but are precluded from a negative side effect. This is compounded by a number of 

negative issues impact HM use in Australia. These including ADRs, poor quality 

preparations, poor adherence to Good Manufacturing Practice (GMP), limited industry 

regulation (particularly given the global marketplace), lack of evidence-based efficacy and 

clinical trials, stigma associated with use and unethical approaches to advertising within the 

global marketplace.  

While HM use has increased in recent years, so too has the use of social media in the medical 

industry (George et al., 2013). Applications such as Twitter, Facebook, YouTube, Instagram 

and LinkedIn provide a platform for the opinions of all users (qualified or not) to be published 

instantly without review. While there are positives aspects to reaching a large audience 

instantaneously (for example the Therapeutic Goods Administration can issue product recalls 

with broad circulation, and publishers and researchers can disseminate their latest studies to 
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reach a larger readership), there are also negatives aspects to consider, such as spreading 

health misinformation. The dangers of health misinformation are underestimated and can have 

adverse effects of public health (Chou et al., 2018). Health misinformation is a health-related 

claim that is currently false due to a lack of scientific evidence (Chou et al., 2018). This can 

influence readers to make health decisions that aren’t based on science and can lead to patient 

harm. For example, wellness blogger Belle Gibson was fined $410,000 after misleading 

readers to believe she cured brain cancer using alternative therapies and nutrition, and caused 

patients to forgo conventional treatment (Percy, 2017). Moreover, there are few resources to 

support clinicians in countering patients’ false beliefs or misperceptions (Chou et al., 2018).  

Innovative methods (including natural language processing–assisted data mining, social 

network analysis, and online experimentation) need to be implemented on a broader scale to 

track and understand the spread of health misinformation (Chou et al., 2018). 

 

1.4.1. Adverse drug reactions to herbal medicines 

Although it is encouraging that popular HMs have been examined in randomized clinical 

trials and systematic reviews of those trials (Ernst, 2002), HMs are still causing an increasing 

number of ADRs (Patel et al., 2012). ADRs refer to unexpected and dangerous reactions to a 

drug under normal usage and dosage (Jin and Min, 2013; Smith, 2013). There is great 

potential for ADRs to HMs, given the combination of HM’s increased affordability, lack of 

regulation, OTC availability, increased advertising, low public awareness of risk, and lack of 

communication between patient and health care practitioner, and ultimately substandard 

products, (Lu and Lu, 2014). A comprehensive study on the incidence of ADRs to HMs in 

Australia does not yet exist.  
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To date, it has been difficult to make reliable estimates of ADRs caused by HMs (Sakurai, 

2011).  Despite the fact that ADRs to HM are largely underreported, there are still numerous 

cases studies which describe ADRs to HMs (Mullins and Heddle, 2002; Pittler and Ernst, 

2003; Nam et al., 2005; Stickel et al., 2005; Teschke and Bahre, 2009; Kim et al., 2013; 

Toohey et al., 2013; Enbom et al., 2014, Table 1.1). For example, a preterm Australian infant 

born to a woman with chronic lead poisoning from ayurvedic medicine was found to have the 

highest blood lead level recorded for a surviving neonate (Tait et al., 2002). The mother had 

been taking several types of tablets from an Ayurvedic practitioner over the past 9 years, 

which contributed to a lead intake during the pregnancy of at least 50 times the average 

weekly lead intake of Western populations (Tait et al., 2002). The infant was encephalopathic, 

weak and had diaphragmatic palsy at birth (Tait et al., 2002). 

ADRs to HMs can be mild (such as dermatitis in response to echinacea) and may or may not 

occur on subsequent exposure (Smith, 2013), while others can be severe, life-threatening, or 

even fatal (such as cerebral haemorrhage in response to Ginkgo biloba) (Kupiec and Raj, 

2005). These more severe ADRs are likely to be reproducible and constitute absolute 

contraindications, such as fluctuations in International Normalized Ratio seen with 

coadministration of some traditional Chinese medicines and warfarin (Zhuang et al., 2020). 

ADRs to HM taken in combination with conventional medicines are more complex and 

difficult to evaluate and since a standard system for HDI prediction and evaluation is still non-

existent (Parvez and Rishi, 2019).  

Irrespective of severity, it is important that ADRs are reported to the authoritative body (in 

Australia’s case; the Therapeutic Goods Administration) in order to develop an accurate 

profile of how the drug is tolerated in the community, and to monitor its use (Ribeiro-Vaz et 

al., 2012; Goldstein et al., 2013; Lobo et al., 2013). ADR monitoring is a vital public health 
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service for keeping the market for OTC herbal medications safe. This process is hindered by 

inaccurately reported ingredients (Blacksell et al., 2014), adulteration and contamination of 

the HM, which means it is challenging to determine whether a patient is reacting the active 

ingredient, or an adulterant or contaminant not listed on the HM label. 

Table 1.1: Adverse reactions to herbal medicines 

Herbal Medicine Adverse Reaction Probable Mechanism 

Various Ayurvedic medicine 

(imported) - ingredients unknown 

Severe congenital lead poisoning 

(encephalopathic, weak and 

diaphragmatic palsy) 

Medicines containing 

undeclared lead.  

Echinacea Dermatitis Allergic response 

Ginkgo biloba Cerebral haemorrhage Antiplatelet activity of 

Gingko extract 

Traditional Chinese Medicine, 

warfarin 

Changes in International 

Normalized Ratio 

Pharmacokinetic 

interaction 

 

 

1.4.2. Herb-drug and herb-herb Interactions 

Taking HM in combination with a prescribed medication can cause an adverse interaction 

between the herb and drug (HDI) with adverse outcomes. Since HMs are an OTC item, 

consumers often self-administer these products concomitantly with conventional medications 

without informing their health care provider(s) and believe that concomitant use is superior to 

either treatment alone (Brantley et al., 2014; Eisenberg et al., 2001). This can lead to more 

complex and severe ADRs as compared to taking the herb exclusively (Hoban et al., 2015). 

As HM use is increasing, so too are HDIs, at times with fatal consequence (Gilbert et al., 

2014). 
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Several herbs such as garlic, milk thistle, Ginkgo biloba, and St. John’s wort have the 

potential to inhibit or induce human drug-metabolizing enzymes, especially cytochrome P450 

enzymes (Budzinski et al., 2000; Lee et al., 2013). When a HM impacts the metabolism of a 

prescribed medication (pharmacokinetic HDI), it can render the prescribed medication 

subtherapeutic or toxic. For example, St John’s wort reduces the bioavailability of the oral 

contraceptive pill causing a subtherapeutic effect (Rahimi and Abdollahi, 2012). An HDI can 

have effects on the mechanism of action of a medication (pharmacodynamic HDI) with an 

additive effect (sum of the two together) or synergistic effect (where the effect is multiplied). 

For example, concomitant use of St John’s Wort and Fluoxetine causes an overload of 

serotonin leading to serotonin syndrome, which can be fatal if left untreated (Bonetto et al. 

2007)).  A large proportion of potentially clinically significant drug interactions are reported 

to occur as a result of alterations in the hepatic drug metabolism, mostly in the activity of 

cytochrome P450 enzymes, such as CYP3A4, CYP2C9, CYP2C19, CYP1A2 and CYP2D6, 

glucuronidation and drug transporters, such as P-glycoprotein (Strandell and Wahlin, 2011). 

Since approximately 70–80% of all currently prescribed drugs are metabolized by the CYP 

system (Cho and Yoon, 2015), there is potential for HDI when herbal medicines and drugs are 

which are metabolised by the same CYP enzymes are taken concomitantly. Examples of 

competing herbs and drugs and the specific subtype of cytochrome P450 enzymes are listed in 

Table 1.2. Despite increasing recognition of these types of HDIs, the mechanisms underlying 

HDIs remain an understudied area of pharmacotherapy (Brantley et al., 2014). Despite 

increasing recognition of these types of HDIs, the mechanisms underlying HDIs remain an 

understudied area of pharmacotherapy (Brantley et al., 2014)
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Table 1.2: examples of specific subtypes of cytochrome P450 enzymes which are competed for by both herbal medicines and drugs.  

 Note: this is not an exhaustive list. 

Cytochrome 

P450 enzyme: 

Herbal medicines Drugs – inducers1 Drugs – inhibitors1 

CYP3A4 Garlic2, Natto K22, Ginger3, Green tea2,3, 

Noni juice2, Agaricus2 Ginkgo biloba3, 

Ginkgolide A3, glycyrrhizin3, St John’s Wort4 

Apalutamide, carbamazepine, enzalutamide, 

mitotane, phenytoin, rifampin 

Boceprevir, cobicistat, danoprevir and ritonavir, 

elvitegravir and ritonavir, indinavir and ritonavir, 

itraconazole, ketoconazole, lopinavir and ritonavir, 

paritaprevir and ritonavir and (ombitasvir and/or 

dasabuvir), posaconazole, ritonavir, saquinavir and 

ritonavir, telaprevir, tipranavir and ritonavir, 

telithromycin, troleandomycin, voriconazole 

CYP2C9 Ginkgolides3, Garlic3, Green tea3, Ginger3, 

Ginsenosides3 

enzalutamide, rifampin, apalutamide, aprepitant, 

carbamazepine, ritonavir 

 

amiodarone, fluconazole, miconazole, piperine, 

diosmin, disulfiram, fluvastatin, fluvoxamine, 

voriconazole 

CYP2C19 Garlic3, Curcumin5, curcuminoid6 Rifampin, apalutamide, efavirenz, enzalutamide, 

phenytoin, ritonavir 

fluconazole, fluoxetine, fluvoxamine, ticlopidine, 

felbamate, omeprazole, voriconazole 

CYP1A2 Ginkgolides2, Garlic3, Green tea3, Licorice3 Phenytoin, rifampin, ritonavir, smoking, 

teriflunomide 

ciprofloxacin, enoxacin, fluvoxamine, methoxsalen, 

mexiletine ,oral contraceptives, acyclovir, allopurinol, 

cimetidine, peginterferon alpha-2a, piperine, zileuton 
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CYP2D6 Garlic3, Green tea3 -  Bupropion, fluoxetine, paroxetine, quinidine, 

terbinafine, abiraterone, cinacalcet, duloxetine, 

lorcaserin, mirabegron, amiodarone, celecoxib, 

cimetidine, clobazam, cobicistat, escitalopram, 

fluvoxamine, labetalol, ritonavir, sertraline, vemurafenib 

P-glycoprotein Green tea catechins (Epigallocatechin 

gallate)3, Garlic3, Ginkgo biloba3  

-  Amiodarone, carvedilol, clarithromycin, dronedarone, 

itraconazole, lapatinib, lopinavir and ritonavir, 

propafenone, quinidine, ranolazine, ritonavir, saquinavir 

and ritonavir, telaprevir, tipranavir and ritonavir, 

verapamil 

 
1United States Food and Drug Administration (2020), 2 Engdal and Nilsen (2009), 3Cho and Yoon (2015), 4Markowitz et al. (2003), 5Ab Rahman 

et al. (2018), 6Volak et al. (2008)  
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Polypharmacy describes an individual’s use of multiple medications (Votova et al., 2013). 

This increases the complexity of therapeutic management and thereby the risk of clinically 

important drug interactions, which may result in ADRs or subtherapeutic effect in individuals 

(Strandell and Wahlin, 2011). At present, there is no single established criterion for 

polypharmacy. However, researchers tend to define polypharmacy as the use of five or more 

medications, (Hoffmann et al., 2011), and "excessive polypharmacy" as the use of greater 

than ten medications (Ness et al., 2003; Jyrkka et al., 2012; Votova et al., 2013). The additive 

and interactive effects of multiple medications (prescribed and herbal) increase the likelihood 

of drug reactions and interactions, and associated morbidity and mortality (Bushardt et al., 

2008). 

Traditional eastern HM use involves administration of a single herb, whereas modern western 

HM is often a combination of multiple herbs. A case report by Ness highlights the impacts of 

‘polyherbacy’ through the case of an 83 year old whose pre-existing medical conditions were 

exacerbated by use of multiple HM preparations, emphasizing the risk of herb-herb 

interactions (such as licorice and ginseng leading to hypertension), as well as herb-disease 

interactions (such as sea algae leading to clinical or subclinical hyperthyroidism) (Ness et al., 

2003). A number of factors can influence HDIs, such as dosage and therapeutic sequence as 

well as various other factors, including the patient's gender, age, and genetic makeup (Sachar 

and Ma, 2013). 

The American Society of Anaesthesiologists acknowledges the danger of HDIs to the extent 

that it recommends ceasing HMs for at least two weeks prior to surgery to avoid the 

possibility of herb–drug interactions between a HM and an anaesthetic, analgesic or other 

prescribed medication (Dasgupta and Bernard, 2006). This allows residual product to be 
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removed from the body to ensure a safe procedure with minimal chance of an HDI causing an 

adverse effect. 

Studies illustrating the potential danger of HDIs are disputed by other research groups who 

report that HDIs are not a major issue, at least in the European regulatory landscape 

(Steinhoff, 2012). Steinhoff (2012) puts forward that, with some exemptions, the discussion 

of HDIs does not seem to be of high relevance to European products (Steinhoff, 2012),  as 

HDIs must be indicated in the herb monographs and that only in the minority of HMs, are 

HDIs clinically relevant (e.g. between high-dose St. John’s wort extracts and a number of 

drugs) (Steinhoff, 2012). This is in contrast to The Pharmacovigilance Center of the 

University of Florence who report that across a survey of patients at 3 hospitals in Tuscany, 

23.1% were actually exposed to at least 1 potential HDI (Gallo et al., 2014). 

 

1.4.3. Adulteration, contamination and substitution of herbal medicines 

The distinction between adulteration and contamination is based on intent; adulteration is an 

intentional and deliberate act of adding a substance to a product, whereas contamination is 

unintentional exposure to a contaminant (Whitsitt, et al., 2013).  

Adulteration of HM products is defined as a fraudulent practice in which a HM product is 

substituted partially or fully with impure, extraneous, improper or inferior products/substances 

(Posadzki et al., 2013). For example, the inclusion of synthetic phosphodiesterase type-5 (PDE-

5) inhibitory drugs like sildenafil, vardenafil and tadalafil which are used for erectile 

dysfunction, are frequently found in HMs for enhancing sexual performance. While this is 

fraudulent and unethical way to achieve efficacy, it may also pose a serious health risk to 

consumers, since PDE-5 inhibitory drugs can interact with other drugs such as widely used 

nitrates, and cause a dramatic decrease of the blood pressure (Skalicka-Woźniak et al., 2017). 
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Contamination of HMs is defined as “the undesired introduction of impurities of a chemical or 

microbiological nature, or of foreign matter, into or onto a starting material, intermediate 

product or finished HM during production, sampling, packaging or repackaging, storage or 

transport” (WHO, 2012). HMs can be contaminated at the source by taking up residues in soil, 

such as pesticides, as well as toxic heavy metals such as lead, arsenic, mercury and cadmium, 

which pose serious health risks to consumers (Yuan et al., 2011). HMs can then be exposed to 

contaminants at numerous opportunities during the manufacturing process (Yuan et al, 2011; 

Haneef et al., 2013; Ting et al., 2013; Ashiq et al., 2014). While GMP is in place to ensure a 

quality product, not all manufacturers follow these guidelines (Koll et al., 2003; Ruparel and 

Lockwood, 2011). There are methods to assess the quality of a HM product, such as DNA 

barcoding and metabarcoding (Raclariu et al., 2018) toxicological analysis (such as high 

performance liquid chromatography and mass spectrometry) and heavy metal analysis 

(Coghlan et al., 2015).  The Food and Drug Administration of the United States of America 

have a GMP which requires manufacturers to use scientifically valid methods to verify the raw 

materials before distribution, but companies are not required to use officially validated 

analytical methods (Whitsitt, et al., 2013). The TGA do not require this pre-market validation 

(nor do they conduct it themselves), simply asking for a declaration of ingredients rather than 

scientific validation of listed ingredients ahead of distribution, and requiring that all 

manufacture occur in a GMP licenced facility (or equivalent if manufactured outside of 

Australia) (TGA, 2019). 

The lack of quality and purity of the HM can also cause ADRs (But et al., 1996). HMs have 

been reported to be contaminated and adulterated with toxic ingredients such as heavy metals, 

fillers, animal DNA, plant DNA, synthetic and illicit drugs, herbicides, pesticides, 

microorganisms or mycotoxins, insects or undeclared herbal constituents  (Ernst, 2002; Ernst 

2002; Ang and Lee, 2006; Coghlan et al., 2012; Hoban et al., 2018; Newmaster et al., 2013). 
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The contamination and adulteration of HMs with conventional drugs (prescribed and illicit), 

plant material, animal material, heavy metals and other fillers has become a significant health 

risk (Newmaster et al., 2013). This is largely due to lack of regulations surrounding HMs and 

supplements.  A study conducted by Newmaster et al. (2013) used DNA barcoding techniques 

to assess the quality of HM products available in Canada. They found product substitution in 

32% of the samples, meaning that other plant taxa were identified in place of the product’s main 

labelled ingredients. This highlights the level of unethical activities of some HM manufacturers, 

and calls for standards for authentication of HMs (Newmaster et al., 2013). Whilst herbal 

substitution may seem of little consequence, the following example highlights the dangers of 

ingredient substitution. 

At least 100 cases of extensive interstitial fibrosis of the kidneys were observed in Belgium in 

women who had followed a weight-loss regimen that was supposed to include the Chinese herb 

Stephania tetrandra (Vanherweghem, 1998). Chinese herbs are traded using their common 

names, which can be a point of confusion in western HM practice (Gilbert, 2011). The common 

name for the root of both Stephania tetrandra and Aristolochia fangchi is ‘fang ji’. Given that 

the distinction between the herbs was lost in translation, the Stephania tetrandra was mistakenly 

substituted with Aristolochia fangchi (Vanherweghem, 1998). This substitution resulted in 

renal disease in about 100 patients, approximately 5% of the exposed population.  

Ingredients in a HM preparation may also be unintentionally substituted for other ingredients 

not listed on the product label due to misidentification at harvest. For example, Hoban et al. 

(2018) discovered a HM preparation claiming to contain Gotu Kola (Centella asiatica) also 

contained significant amounts of another species, Hydrocotyle verticillata. While both species 

are morphologically similar, C. asiatica has medicinal properties, whereas Hydrocotyle is 

commonly used in aquaria. 
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With the increasing financial success of the HM industry, there is incentive to intentionally 

‘improve’ products with the use of undisclosed or substituted ingredients. This practice poses 

a significant risk to public health (Wheatley and Spink, 2013; Crighton et al., 2019). Savaliya 

et al. (2009) used mass spectrometry assays to identify synthetic steroidal and non-steroidal 

anti-inflammatory drugs in ayurvedic HMs in India (Savaliya et al., 2009). The adulterated 

Ayurveda HMs were for the treatment of rheumatoid arthritis, asthma and allergies. The most 

commonly found steroidal adulterants included dexamethasone, hydrocortisone and 

prednisolone, and are associated with adverse effects such as muscular weakness and glaucoma 

(Savaliya et al., 2009). All medications were dispensed by Ayurveda practitioners. This 

intentional inclusion of ingredients not listed on the HM label may have customers returning 

since they have experienced the anti-inflammatory effect that they desired, but unbeknown to 

them they are being exposed to synthetic medications which may have side effects from acute 

and chronic exposure (Savaliya et al., 2009). This is of particular concern if patients are also 

taking prescribed medications which may interact or cause overdose. 

 

1.5. Forensic Implications 

Organic toxins, such as plant toxins, are not routinely tested for post mortem (Byard et al., 

2002). This means that the role of HMs in death is not certain, even when there is 

circumstantial evidence to suggest it may have been involved (Byard et al., 2002). This is due 

to the difficulty in isolating and identifying organic compounds post mortem (Byard et al., 

2002). Byard (2010) identified another key issue for forensic pathologists; the failure of death 

scene examiners to fully document the types of HMs that are present at a scene (Byard and 

Musgrave, 2010; Blacksell et al., 2014). Even when HMs are correctly reported from a death 

scene, inaccuracies in labelling ingredients (which is a widespread issue in Australia), or 

misidentification of herbs can mislead an investigation into which HMs a patient was exposed 
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to (and in what concentration) prior to death (Blacksell et al., 2014).  This underreporting of 

HM-related deaths positively skews the safety profile of HMs (Byard and Musgrave, 2010). 

To gain an accurate perception of deaths in response to HM, methods are being developed to 

screen forensic samples for HM content using Next Generation DNA sequencing technology 

(termed ‘DNA barcoding’) with metabolomic techniques (Byard et al., 2014). Additionally, 

Gathier et al. (2013) have shown that DNA barcoding is more accurate than chemical 

profiling in detecting the organic compounds of Hoodia (slimming cactus) (Gathier et al., 

2013). Byard calls for the development of a new discipline of ‘forensic herbal toxicology’, to 

investigate and comprehensively report deaths in response to HMs (Byard and Musgrave, 

2010) in anticipation of an increased number of deaths in response to HMs, and its popularity 

use grows. 

 

1.6. Safety and Regulatory concerns 

The safety of HMs requires strict control of the presence of adulterants, the dosage labelling, 

contraindications, manufacturing techniques and a list of all ingredients (Skalli and Jordan, 

2017). A lack of industry regulation across the globe, means there is often no requirement to 

list each ingredient of every HM on the label (Skalli and Soulaymani Bencheikh, 2012). 

Furthermore, only some of the ingredients are listed (and not in order of highest percentage 

ingredients), but not others that may be still harmful (Skalli and Soulaymani Bencheikh, 2012; 

Blacksell et al., 2014). Since HMs are readily imported via online channels, the country of 

origin and manufacture aren’t necessarily the country that the HM will be consumed in. In 

Australia, the Therapeutic Goods Administration requires that any imported therapeutic good 

must be listed on the Australian Register of Therapeutic Goods (ARTG) in order to be sold, and 

must be manufactured in a way that meets Australian GMP requirements, however this is 

difficult to police. 
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In Australia, the majority of HMs are available as OTC products and are subject to regulation 

by the Therapeutic Goods Administration (TGA). The TGA does not test HMs for safety and 

efficacy pre-market, but rather conducts only periodic post-market evaluations. Australia has a 

two-tiered regulatory framework whereby HMs are identified as either lower risk “listed” 

products or higher risk “registered” products. Products are assigned an ‘AUST L’ or ‘AUST R’ 

labels, respectively, and are eligible for inclusion on the Australian Register of Therapeutic 

Goods (ARTG) (TGA, 2019). Both Listed and Registered HMs are subject to post-market 

regulatory activities by the TGA, including reporting of ADRs, auditing of manufacturers, and 

laboratory testing of products in order to maintain high levels of quality, safety, and 

effectiveness of medicines. Advertising of HMs is subject to regulatory guidelines covered by 

the Therapeutic Goods Advertising Code 2005.  

Australian HM regulations largely rely on a risk-based, self-reporting arrangements by 

regulatory bodies with manufacturers, and periodic post-market surveillance by regulatory 

bodies). Access is easy (OTC and online) leaving the quality of HMs vulnerable to exploitation 

for economic gain. Recent changes to the Australian regulation of therapeutic good shows that 

the industry is changing to meet the modern challenges posed by the HM industry. From 

December 2019, the TGA will publish the results of all the compliance reviews relating to safety 

and efficacy of listed medicines on the TGA website. Making information publicly available 

particularly that related to efficacy and safety will assist consumers to make informed choices 

regarding the appropriateness of listed medicines for them (TGA, 2019). 

With the increase in use of HM globally (either as a primary treatment or as an adjunct therapy) 

the safety HMs have become an important public health concern (Posadzki et al., 2013). While 

regulatory agencies recommend full characterization of the drug interaction potential of 

conventional drugs prior to market approval, regulatory requirements for HMs are vague 

(Brantley et al., 2014), despite numerous documented cases of toxic HMs (But et al., 1996; 
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Byard et al., 2002, Ernst, 2002; Ang and Lee, 2006; Ang, 2008; Efferth and Kaina, 2011; 

Coghlan et al., 2012). As a result of arbitrary regulatory guidelines and poor manufacture, 

contaminant heavy metals such as mercury, lead, thallium, cadmium, copper, iron, manganese, 

nickel, zinc, and arsenic have all been found in HM preparations (Ko, 1998; Ang, 2008; Pierce 

et al., 2012; Fernandez et al., 2014; Hoban et al., 2018). Testing methods have advanced to 

detect and identify fillers, substitutes, prescription drugs, illicit drugs, heavy metals and DNA 

in HMs, and should be included for use as powerful pharmacovigilance tools to inform 

regulatory bodies of noncompliant HM products (Lau et al., 2003; Bogusz et al., 2006; Coghlan 

et al., 2012; Byard et al., 2014; Raclariu et al., 2018). 

1.7. Conclusion 

The extent of HM use, ADRs, adulteration and contamination in Australia remains unknown 

since there has not been a comprehensive national survey in any of these areas to date. While 

the benefits of HMs can be estimated through randomized controlled trials and systematic 

reviews, the risks posed by HMs are likely to be underreported and therefore underestimated. 

This will remain unchanged until appropriate strategies to maintain pharmacovigilance and 

monitoring of ADRs, purity and potency testing of HM products, and forensic herbal 

toxicological assessment where HMs may have played a role in mortality, are developed and 

implemented. Developing the appropriate regulatory framework and policies for HM use in 

Australia requires in depth knowledge of HM and its’ place in the Australian healthcare 

system. This includes responding to reports of widespread adulteration and contamination and 

ADRs with appropriate improvement to HM product auditing, and incorporating 

technological advances into the future of pharmacovigilance.  
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2.1.  Abstract 

Introduction 

The role of herbal medicine in the treatment of common psychiatric disorders such as anxiety, 

depression and insomnia has become more established over the past decade. Some herbal 

preparations such as St John's wort (Hypericum perforatum) have demonstrated clinical 

evidence but have also been included in recent reports of widespread adulteration and 

contamination. Herbal medicines sold in Australia are required to be listed on the Therapeutic 

Goods Administration’s (TGA) Australian Register of Therapeutic Goods (ARTG) and must 

comply with strict ingredient and manufacturing guidelines to assure quality and safety. 

Objective 

The aim of this research was to assess whether pharmaceutical adulterants and contaminants 

were present in psychotropic herbal medicines available in Australia, as a measure of quality, 

and the effectiveness of regulation. 

Methods 

A two-pronged approach combining next generation DNA sequencing and small molecule 

analysis techniques was undertaken to audit a subset of herbal medicines for the presence of 

prescription medications, illicit drugs, pesticides, herbicides, heavy metals and contaminant 

DNA. Small molecule analysis included liquid chromatography with quadrupole time-of-

flight mass spectrometer (LC-QTOF-MS) detection, liquid chromatography with UV/vis 

diode array (LC-UV) detection, gas chromatography with nitrogen-phosphorus and mass 

spectrometer detection (GC-NPD/MS), and heavy metal analysis using inductively coupled 

plasma with mass spectrometer (ICP-MS) detection. 

Results 

Forty-nine percent of the investigated herbal medicines had one or more materials not listed 

on their labels or ARTG registration. Several had concerns such as Convention on 
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International Trade in Endangered Species of Wild Fauna and Flora (CITES) listed material 

(one medicine), heavy metals (12%) or components that could trigger food sensitivity, such as 

wheat (12%). In contrast to previous studies, no prescription pharmaceutical adulterants were 

detected, although 10% had undeclared caffeine.  Twenty-four percent of herbal medicines 

had DNA from animal species including mice and bats, indicating poor quality control. The 

surveyed herbal medicines included both traditional Chinese medicines (TCM) and Western 

herbals. Ninety-four percent of TCM were contaminated or adulterated, compared to 37% of 

the Western herbals.  

Conclusions 

The high levels of contamination found in this study suggests that closer surveillance of 

herbal medicines is needed in order to assure the required level of quality of herbal medicines 

available in Australia. The results suggest that the TGA’s low-/high-risk system for regulation 

coupled with post-market auditing is not keeping unapproved and/or unsafe herbal medicines 

from the market.  

 

Key points 

• Overall, 29 of 59 herbal medicine samples were adulterated or contaminated (49%) 

with materials not declared as listed ingredients.  

• Only two of the 59 samples contained the listed active ingredient(s) without additional 

adulterants and contaminants. 

• The Therapeutic Goods Administrations' low-/high-risk system for regulation is not 

keeping unapproved and/or unsafe herbal medicines from the market. 
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2.2. Introduction 

The role of herbal medicine in the treatment of common psychiatric disorders such as anxiety, 

depression and insomnia has become more established over the past decade [1]. More 

broadly, the popularity of herbal medicines in general has increased in recent years due to the 

perception that herbal medicines are natural and therefore ‘safe’ [2]. Some herbal preparations 

such as St John’s Wort (Hypericum perforatum) have demonstrated clinical evidence but have 

also been included in recent reports of widespread adulteration and contamination [1–3]. 

Herbal medicines sold in Australia are required to be registered on the Therapeutic Goods 

Administration’s (TGA) Australian Register of Therapeutic Goods (ARTG) and must comply 

with strict ingredient and manufacturing guidelines to assure quality and safety. 

Advances in development of a method for assessing herbal medicine preparations have been 

crucial in highlighting this potential public health issue [4–7]. A two-pronged approach 

combining next-generation DNA sequencing (NGS) and mass spectrometry (MS) techniques 

allowed an audit of herbal medicines for the presence of prescription medications, illicit 

drugs, pesticides, herbicides, heavy metals and DNA material [2]. Importantly, this 

combination of methods enabled detections to be cross-referenced. For example, if ephedrine 

was detected in small-molecule analysis and DNA from Ephedra species in sequencing, the 

dual detection provided confidence that ephedrine was indeed present. This does not exclude 

the possibly that the formulation has been adulterated with both Ephedra plant material and 

synthetic ephedrine. Such a comprehensive assessment of herbal preparations facilitates 

comparison between listed ingredients, ingredients reported to regulatory authorities for 

product approval, and actual content. This approach has uncovered product substitution, 

adulteration and addition of fillers not declared on labels [3]. 
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Previous studies have demonstrated discrepancies between reported, listed and actual 

ingredients in herbal medicines, which may pose a risk to consumers and a challenge to 

regulatory bodies [2, 3, 8]. While the under-reporting of adverse drug reactions (ADRs) to 

herbal medicines makes it difficult to estimate the potentially harmful impact, studies have 

shown that such ADRs can be as severe as those to prescription medicines [9], and can even 

result in death [10–12]. 

 

With a large proportion of the world’s population relying on herbal medicine (in part due to 

restricted access to conventional medicines) [13], it is necessary to ensure that herbal 

medicine is free from toxic adulterants and contaminants, and contains safe levels of the listed 

active ingredient(s). 

 

The current study investigated the composition of psychotropic herbal medicines sourced 

from Australian capital cities, using NGS, small-molecule analysis (liquid chromatography 

[LC] with quadrupole time-of-flight [QTOF] mass spectrometer [LC-QTOF-MS] detection, 

LC with UV/vis diode array [LC-UV] detection, gas chromatography with nitrogen–

phosphorus and mass spectrometer detection [GC- NPD/MS]) and heavy metal analysis 

(inductively coupled plasma with mass spectrometer [ICP-MS] detection). The selected herbal 

medicines target anxiety, depression, sleep disorders, stress, ‘mental clarity’ and ‘mood’. 
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2.3. Methods 

2.3.1. Sample collection 

Fifty-nine processed herbal preparations in various forms (28 tablets, ten capsules, 12 teas, two 

oral sprays, two drops, two oral liquids, one pastille, one powder, and one sliced and dried plant) 

and from various origins (38 Western herbal medicines, 19 traditional Chinese medicines 

[TCMs] and two Ayurvedic preparations) were randomly selected and purchased from 

pharmacies, health food stores, traditional herbal retailers and online in Australian capital cities 

during 2014. Samples were allocated random identification numbers, and aliquots were made 

using sterile DNA-free techniques for later processing. 

 

2.3.2. Small molecule analysis 

2.3.2.1. Ethanol extraction 

Samples were crushed to a fine consistency using a mortar and pestle, and 50 mg of each sample 

was placed into test tubes. Then 25 μL of internal standard mix (the composition of which is 

listed in the Supplementary Material Table S2.1) and 1 mL of absolute ethanol (analytical 

reagent grade; Univar, Sydney, NSW, Australia) were added to the test tubes, which were then 

sonicated for 15 min and centrifuged for 10 min at 3000 rpm. 

The supernatant was transferred into clean glass disposable tubes and evaporated to dryness 

using a centrifugal evaporator. The extract was reconstituted with 100 μL of absolute ethanol 

and transferred to 2 mL gas chromatography vials containing a tapered insert. 

 

2.3.2.2. Basic extraction 

Samples were crushed to a fine consistency using a mortar and pestle, and 50 mg of sample was 

placed into test tubes. Then 1 mL of glass-distilled H2O and 250 μL of 30% ammonia 

(analytical reagent grade; ChemSupply, Adelaide, SA, Australia) was added. The test tubes 

were vortexed for 5–10 s, and then 5 mL of high purity butyl chloride (BuCl; Honeywell, 
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Adelaide, SA, Australia) was added. The samples were extracted using a mechanical roller for 

15 min. Samples were then centrifuged for 10 min at 3000 rpm. 

The BuCl layer was transferred into clean glass disposable tubes and evaporated to dryness 

using a centrifugal evaporator. Extracts were reconstituted with 100 μL of absolute ethanol 

(analytical reagent grade; Univar) and transferred to 2 mL gas chromatography vials containing 

a tapered insert [14].  

 

2.3.2.3. Instrumentation 

Sample extracts were analysed by an Agilent 1200 LC 6510- QTOF (Agilent Technologies, 

Melbourne, VIC, Australia) in dual electrospray ionisation (ESI) mode. Chromatographic 

separation was achieved using a Waters Acquity BEH C18 column (3.0 × 50 mm, 1.7 μm; 

Waters, Sydney, NSW, Australia) maintained at 30 °C, with a Phenomenex guard (3 mm, 

C18; Phenomenex, Sydney, NSW, Australia). 

The mobile phase consisted of acetonitrile (A) and 0.1% formic acid (B) with the following 

gradient: 0–0.5 min: 90%B;0.5–8min:90to50%B;8–10min:50to5%B; 10–12 min: 5 to 0% B; 

4 min post-gradient equilibration at 90% B. The flow rate was set at 0.35 mL/min and 

increased to 0.4 mL/min for the last 2 min. 

An injector program was utilised which allowed mixing of the ethanolic sample extract with 

formic acid buffer prior to injection. The injection volume was 2 μL. 

The mass spectrometer was operated in positive ESI, auto-tandem mass spectrometry 

(MS/MS) mode. 

Analysis was also conducted on an Agilent 1100 series high-performance LC (HPLC) system 

with diode array detector, fitted with an Agilent Eclipse Plus C18 column (1.8 μm, 4.6 × 50 

mm) with C18 guard cartridge (4.0 × 3.0 mm; Phenomenex). 

Sample extracts underwent further analysis on an Agilent 7890 gas chromatograph with 

nitrogen–phosphorus and mass spectrometer detectors. 
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Results were processed using MassHunter Qualitative Analysis (version B.07.00; Agilent 

Technologies), ChemStation for LC (version B.04.01; Agilent Technologies) and MSD 

ChemStation (version E.02.00.493; Agilent Technologies) software, and matched against 

Forensic Science SA’s in-house retention time, accurate mass and MS/ MS spectral library of 

approximately 350 compounds, and a commercial database containing 3490 MS/MS spectra 

(Forensic and Toxicology Personal Compounds Database and Library, Agilent Technologies). 

 

2.3.2.4. Quantitation 

Analytes were pulverised and extracted from the sample by sonication and vortexing in pH 5.7 

sodium acetate buffer (2 mL). The supernatant was extracted using mixed-mode solid-phase 

extraction (SPE) cartridges (200 mg/3 mL XtrackT®; UCT, Bristol USA). Analyte elution was 

achieved by passing a basified mixture of CH2Cl2/propan- 2-ol through the SPE cartridge. The 

eluent was evaporated and the residue reconstituted in methanol. 

The extract was analysed by LC–MS/MS on an ABSciex 4000QTRAP (Sciex, Melbourne, VIC, 

Australia) with an Agilent 1200 LC system, using positive ion ESI mode with multiple reaction 

monitoring. 

Chromatographic separation was achieved using a Luna Pentaflourophenyl (PFP)(2) column 

(3.0 × 50 mm, 4.6 μm; Phenomenex) maintained at 25 °C, with a Phenomenex guard (3 mm, 

PFP; Phenomenex). The mobile phase consisted of methanol (A) and 0.1% formic acid (B) with 

the following gradient: 0–1.5 min: 90% B; 1.5–5 min: 90 to 50% B; 5–5.5 min: 50% B; 5.5–6 

min: 50 to 0% B; 6–7 min: 0% B; 7–7.1 min: 0–90% B; 7.1–9 min: 90% B. The flow rate was 

set at 0.80 mL/min. 

 

Sample analyte responses were compared to calibration curves constructed using authentic 

reference standards, processed in parallel with the samples. 
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2.3.2.5.  Calibration and quality control (QC) solutions 

Authentic reference standard stock solutions were accurately weighed into volumetric flasks. 

A combined working standard solution was prepared by transferring the appropriate volume 

of each stock solution to a volumetric flask, making it up to volume with ethanol. The 

calibrators were spike with 5, 10, 20, 50, 100 and 200 μL of the combined working standard 

solution in the range of 0.04366–1.7464 mg/L. The error associated with the quantitative 

result is ± 20%. 

 

2.3.3. DNA extraction and quantification  

DNA characterisation of the herbal medicine samples followed [15]. Briefly, small amounts 

of each sample (50–200 mg), together with extraction controls, were digested overnight in a 

hybridisation oven at 56 °C, in 1.5 mL of tissue digest buffer consisting of proteinase K 

powder (Amresco, Solon, OH, USA), 20 mM Tris (Sigma, St Louis, MO, USA), 2.5 mM 

EDTA (Invitrogen, Carlsbad, CA, USA), 5 mM CaCl2 (Sigma), 20 mM dithiothreitol solution 

(Thermo Fisher Scientific, Waltham, MA, USA), 1% sodium dodecyl sulfate (Invitrogen), 

and ultra-pure water. A solution of 200 μL of the digest and 1 mL of Qiagen (Mountain View, 

CA, USA) PB buffer was purified and washed on a silica spin column and finally eluted with 

50 μL of EB buffer (Qiagen). 

 

Extracted DNA was quantified by amplifying a plastid gene region using the universal 

primers, trnLgh and a mammalian mitochondrial DNA (mtDNA) gene region targeting a 

fragment of the 16S ribosomal RNA (rRNA) [16, 17] (primer information can be found in 

Supplementary Material Table S2.2), using an ABI StepONE Plus quantitative polymerase 

chain reaction (qPCR) (Applied Biosystems, Foster City, CA, USA) platform. All polymerase 

chain reactions (PCRs) were carried out in a 25 μL volume, including 2 mM   (Applied 



 40 

Biosystems), 1 × Taq polymerase buffer (Applied Biosystems), 0.4 μM deoxyribonucleotide 

triphosphates (dNTPs) (Astral Scientific, Taren Point, NSW, Australia), 0.1 mg bovine serum 

albumin (Fisher Biotec, Wembley, WA, Australia), 0.4 μM of each primer, 0.2 μL of 

AmpliTaq Gold DNA polymerase (Applied Biosystems) and SYBRTM Green dye. The qPCR 

conditions were 50 cycles of 95 °C for 30 s, annealing at primer-specific temperature 

(Supplementary Material Table S2.3) for 30 s, and extension at 72 °C for 30 s. The qPCR was 

carried out for each sample using the undiluted extract and two dilution points (1/10 and 

1/100) to gauge the template copy number and identify if PCR inhibitors were present [18]. 

 

2.3.3.1. Amplicon generation 

Fusion primers with unique 6 –8 base pair (bp) multiplex identifier (MID) tags, the Illumina 

P5/P7 clustering primers and sequencing primers were designed for the primer sets used for the 

qPCR discussed in Sect. 2.3, and also for a second primer set targeting a fragment of the plastid 

gene region rbcL (Poinar et al. [19]; ESM Table S2). Fusion tag PCR was carried out using the 

same cycling conditions as given in Sect. 2.3 for the initial qPCR, with duplicate reactions for 

each DNA extract. Amplicons were blended into a library pool in equimolar amounts, as 

determined by amplicon concentrations on a Labchip GX Touch HT (PerkinElmer, Waltham, 

MA, USA) instrument. 

 

The pooled library was then size selected on a Pippin Prep (Sage Sciences, Beverly, MA, USA) 

using a 2% agarose gel with ethidium bromide cassette to exclude any primer dimer and then 

cleaned over a QIAquick PCR Purification kit column (Qiagen) following the manufacturer’s 

instructions. 

 

The final purified library was quantified on a Labchip GX Touch HT (PerkinElmer) to 

determine the amount of library required for adequate clustering. Amplicon sequencing was 
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carried out on an Illumina MiSeq according to the manufacturer’s protocols (Illumina, San 

Diego, CA, USA) using a 300-cycle V2 kit with a nanoflow cell. 

 

2.3.3.2. Bioinformatic analysis 

The sequencing output files were retrieved, filtered, and pro- cessed using Geneious (version 

8.1) [20]. Reads that did not match exactly to the primers and MID tag sequences at both 

amplicon ends were discarded. 

 

A non-redundant sequence set (removal of exact matches) for each sample was generated using 

the USEARCH algorithm [21]. These files were then analysed for chimeras in USEARCH using 

the UCHIME de novo method [22] and removed, along with singletons, and uploaded onto the 

supercomputer, Magnus (Pawsey Supercomputing Facility, Perth, WA, Australia) where a 

Basic Local Alignment Search Tool (BLAST) search was conducted against the National 

Centre for Biotechnology Information (NCBI) GenBank Nucleotide Residue database [23]. 

The resultant BLAST files were then imported into the program MEtaGenome ANalyzer 

(MEGAN version 4.7) [24] for taxonomic analysis. The amplicon sequences were assigned 

using the following lowest common ancestor parameters: minimum score of 65, top percentage 

of 5, and minimum support of 1. 

 

Each taxonomic assignment was evaluated using available databases and is a conservative 

estimate of families, genera and species. Processed amplicon data described herein are available 

from Dryad Digital Repository (datadryad.org). 
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2.3.4. Heavy metal analysis  

Herbal medicines were screened for heavy metal contamination (including heavy metals of 

particular concern, such as lead, arsenic, cadmium and mercury) using sector field ICP- MS 

(SF-ICP-MS) at ChemCentre (Perth, WA, Australia). 

Briefly, the samples were homogenised and a subsample taken for microwave digestion using 

nitric and hydrochloric acids. The digests were analysed by ICP-MS with internal standard 

solutions using an Agilent 7500cs ICP-MS (including collision cell). Calibration was carried 

out using external standards. Detection limits are given in Supplementary Table S2.3. 

 

2.4. Results 

2.4.1. Small Molecule Analysis 

Each herbal medicine sample underwent screening for pharmaceutical adulterants and 

contaminants using LC- QTOF-MS, LC-UV and GC-NPD/MS instruments. Of the 59 

psychotropic herbal medicines, four compounds were detected across ten samples (as shown in 

Table 2.1). Three samples containing confirmed compounds under- went quantitation. 

Ephedrine and pseudoephedrine were detected in one medicine, but levels were below the 

calibration range and considered too low to report. Ten percent of samples contained undeclared 

caffeine, but again were not quantified as recorded levels were below the calibration range. 

Dosage instructions were used to calculate the daily exposure to contaminants, and results were 

com- pared to recommended daily intake and clinical dosing instructions (Table 2.1). 

 

2.4.2. DNA Sequencing 

In total, 30 of 59 herbal medicines contained DNA material originating from plants (n = 27) or 

animals (n = 15). Four contained the listed active ingredient(s) without detection of 

contaminating plant or animal DNA. The taxonomic assignments from the mtDNA and plastid 
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DNA data are listed in Table 2.2 and Section 2.5. Where taxonomic assignments could not be 

made to a species or genus level due to an incomplete DNA reference database, a more 

conservative family-level classification was made. 

 
2.4.3. Heavy Metals 

Of the 59 herbal medicines, 39 had at least one of the heavy metals of concern (lead, arsenic, 

cadmium, mercury) above threshold detection levels. Of these, seven herbals had at least one 

heavy metal of concern at levels that would exceed the TGA limits of exposure to heavy 

metals (based on a 60 kg person; Table 2.3). Two of the CAMs with heavy metal detections 

(119 and 126) were different batches of the same herbal medicine, and reproducible levels of 

lead, arsenic and mercury were measured. Five of the seven tested medicines had more than 

one heavy metal detected (Table 2.3). Four of the herbal medicines were manufactured 

overseas, while three were manufactured in Australia, although it is not clear if Australian 

ingredients were utilised.  

Other metals analysed were zinc, copper, selenium, tin and nickel, none of which exceeded 

the TGA thresholds.  

Where metal levels were reported in the CAM ingredient listings for selenium and zinc, these 

agreed with the metal levels measured. For example, based on pill weights, CAM100 should 

have contained 14 mg zinc per pill, and we measured 13.7 mg, which is within acceptable 

tolerances.  
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Table 2.1: Pharmaceutical Content of Psychotropic Herbal Medicines 

CAM # 
Average 

pharmaceutical (mg/g) 
Form Pill weight (g) Dose per day Total daily exposure Recommended daily dose 

CAM25 caffeine capsule 0.618 1 capsule three times daily for a minimum of two weeks *N/A 
300–400 mg of caffeine (Eilat-

Adar et. al., 2013) 

CAM 73 caffeine tablet 3.700 Take 1 or 2 tablets daily dissolved in a glass of water *N/A  

CAM130 0.55 mg/g synephrine pills 0.194 
 

8 pills each time, three times daily 

 
 

2.56 mg 

(24 x 0.194 = 4.656) 

(0.55 x 4.656 = 2.5608 mg) 

Maximum 50 mg/day 

CAM103 
ephedrine / 

pseudoephedrine 
tablet 0.721 

Take orally, 2 tablets each time, twice a day 

 
 

 

*N/A 
 

Trace only. Not permitted in 

herbal medicines at any level 

CAM129 0.17 mg/g synephrine tablet 1.315 
 

Take 1-2 tablets once daily. Child 6-12 yrs: Take 1/2-1 tablet once 

daily. An extra dose may be taken to enhance results or as 

professionally advised 
 

Adult: 0.22 mg 

(0.17 x 1.315 = 0.224 mg) 
Maximum 50 mg/day 

CAM148 
caffeine (listed), 

theobromine 
chewable tablet 1.488 

 

Recommended Adult Dosage: 1 Chewable tablet per day or as 

recommended by your healthcare professional 
 

*N/A 
300–400 mg of caffeine (Eilat-

Adar et. al., 2013) 

CAM89 0.72 mg/g synephrine pills 0.156 
Adult and children 12 years and over: Take 8 pills 3 times daily, 

30 minutes to 1 hour away from meals with 250 ml of water. 
 

2.70 mg 

(24 x 0.156 = 3.744) 

(0.72 x 3.744 = 2.696 mg) 

Maximum 50 mg/day 

CAM96 caffeine tablet 1.254 
 

Take 1-2 tablets once daily. Child 6-12 years: Take 1/2-1 tablet 

once daily. An extra dose may be taken to enhance results or as 

professionally advised. 
 

*N/A 
300–400 mg of caffeine (Eilat-

Adar et. al., 2013) 

CAM138 caffeine, theobromine chewable tablet 1.52 
 

Children 3-12 years: Chew 2 tablets 30 minutes before bed. Not to 

be swallowed whole. Not suitable for children under 3 years of 

age. 
 

*N/A (from cocoa 

flavouring) 

300–400 mg of caffeine (Eilat-

Adar et. al., 2013) 

CAM163 caffeine, theobromine powder N/A 
Recommended Adult Dosage: Stir 3 metric teaspoons (8 g) into 

200 mL of warm milk 30-60 minutes before retiring for sleep. 
 

*N/A 
300–400 mg of caffeine (Eilat-

Adar et. al., 2013) 

 
Daily exposures have been calculated on minimum dose possible (i.e. when 1–2 pills are recommended, the daily exposure calculation is based on 1 pill) 
N/A not applicable. 
 aSubstance was not quantified, so total daily exposure could not be calculated. Ephedrine/pseudoephedrine levels in CAM103 were below the calibration range 
and were not quantified  



 45 

Table 2.2: Biological Content of Psychotropic Herbal Medicines 

Complementary 

and alternative 

medicine (CAM) 

sample number 

Listed Ingredients Plant DNA Animal DNA 

CAM2 Hypericum perforatum Hypericum, Glycine, Descurainia sophia, Triticeae Homo sapiens 

CAM12 
Trigonella foenum-graecum, Tribulus terrestris (Tribulus), Turnera diffusa, Panax 

ginseng, Withania somnifera,  Tyrosine 
Araliaceae - Panax, Cichorieae, Cuscuta, Rutaceae - 

CAM13 Centella asiatica 
Centella asiatica, Hydrocotyle verticillata, Araliaceae, Micropleura renifolia, 

Lamiaceae, Lens culinaris, Polygalaceae 
- 

CAM14 
Capsicum 14C, Chamomilla 3C, Coffea 4C, Coffea 30C, Gelsemium 4C, Humulus 

3C, Hyoscyamus 6C, Passiflora 3C, Valeriana 3C 
Juglandaceae, Theobroma Homo sapiens 

CAM18 

Cordyceps sinenis, Eleutherococcus senticosus, Withania somnifera, 

Ganoderma lucidum, Astragalus membranaceus, Panax ginseng, Panax 

quinquefolium 

Araliaceae, Asteraceae, Theaceae, Triticeae - 

CAM24 

Seed cuscuta, Herb cistanche salsa, Tuber asparagus lucidus, Tuber ophiopogon 

japonicus, Root rehmannia glutinosa, Root dioscorea opposita, Fruit schizandra 

chinensis, Fruit cornus officinalis, Stem bark Eucommia ulmoides,  Fruit. Body 

poria cocos 

Schisandra, Araliaceae, Asteraceae, Eucommia ulmoides, Gentianaceae, 

Mentheae, Plantago, Astragalus, Paeonia 

Cyprinidae, Mus 

musculus, Homo 

sapiens, Sus scrofa 

scrofa 

CAM25 Phellodendron amurense (stem bark), Magnolia officinalis (stem bark), Apiaceae, Theaceae, Rosales, BEP clade, PACMAD clade Homo sapiens, Bos 

CAM26 

Brahmi/Gotu Kola leaf (Centella asiatica), Bacopa herb (Bacopa monniera), 

Bhringaraj leaf (Eclipta alba), Passionflower herb (Passiflora incarnata), 

Shankhapushpi herb (Evolvulus alsinoides), Ashwagandha root (Withania 

somnifera),  Vidari Kanda root (Ipomoea digitata),  Skullcap herb (Scutellaria 

lateriflora), Pippali fruit (Piper longum), Nutmeg seed (Myristica fragrans),  

Cardamom seeds (Elettaria cadramomum) 

Centella asiatica, Bacopa monnieri, Asteraceae, Passiflora incarnata, 

Convolvulaceae, Myristicaceae, Piper 

Homo sapiens, Canis 

lupus familiaris 
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CAM27 Ginseng Araliaceae-Panax 
Homo sapiens, Canis 

lupus familiaris 

CAM28 Passiflora incarnata herb fl. fr. Passiflora incarnata, Panicoideae, Solanoideae - 

CAM30 
Cocculus 4X, Helonias 4X, Ignatia 4X, Nux vom 6C, Passiflora 1X, Phosphoricum 

acidum 5X, Sepia 4X, Zincum met. 10X 
- - 

CAM33 

Ascorbic acid, Avena sativa, Biotin, Calcium ascorbate dehydrate, Calcium 

pantothenate, Calcium phosphate, Choline bitartrate, Cyanocobalamin, d-alpha-

Tocopheryl acid succinate, Folic acid, Inositol, Lecithin, Magnesium phosphate, 

Nicotinamide, Passiflora 

- - 

CAM34 
sorbitol, maltitol, isomalt, gum arabic, elderflower, orange, xylitol, vegetable oil, 

glandulifera, Prunus cereasifera, Ornithogalum umbellatum 
Mimosoideae, Fabaceae, Passiflora, Capsicum, Paniceae, Triticeae 

Homo sapiens, Sus 

scrofa 

CAM35 
Angelsword, Crowea, Dog Rose of the Wild Forces, Fringed violet, Grey spider 

flower, Sundew, Waratah, Purified water, Brandy 
- - 

CAM42 Avena sativa, ethanol - - 

CAM49 

Ligusticum sinense, Angelica polymorpha, Cuscuta hygrophilae, Fritillaria 

cirrhosa, Paeonia lactiflora, Schizonepeta tenuifolia, Astragalus 

membranaceus, Magnolia officinalis, Artemisia argyi, Citrus aurantium, 

Glycyrrhiza glabra, Notopterygium forbesii, Amomum villosum 

Apiaceae, Paeonia, Mentheae - includes Schizonepeta tenuifolia, Astragalus, 

Glycyrrhiza, Citrus, Paeonia, Zingiberaceae, Magnoliales 
Sus scrofa scrofa 

CAM58 

Zizyphus jujube, Poria cocos, Paeonia lactiflora, Polygonum multiflorum, 

Glycyrrhiza uralensis, Ophiopogon japonicas, Zizyphus spinosa, Biota orientalis, 

Curcuma aromatic, Pinellia ternate, Chrysanthemum indicum, Polygala sibirica, 

Schizandra chinensis 

Glycyrrhiza, Paeonia, Fagaceae Homo sapiens 

CAM73 

caffeine, Ascorbic acid, Thiamine hydrochloride, Riboflavine sodium phosphate, 

Nicotinamide, Calcium pantothenate, Pyridoxine hydrochloride, Cyanocobalamin, 

Biotin, Eleutherococcus senticosus, Paullinia cupana 

Rutaceae Homo sapiens 
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CAM85 

Ziziphus jujuba, Gastrodia elata, Corydalis turtschaninovill, Paeonia lactiflora, 

Polygonatum multiflorum, Albizia julibrissin, Hordeum vulgare, Gardenia 

jasminoides, Schisandra chinesis, Ligusticum wallichii, Poria cocos, Polygala 

sibirica, Chrysanthemum sinense, Glycyrrhiza uralensis 

Paeonia, Pooideae, Triticeae, Asterids, Dioscorea (only 1 sp. CITES listed) Homo sapiens 

CAM89 

Citrus reticulata, Cyperus rotundus, Glycyrrhiza uralensis, Bupleurum falcatum, 

Citrus aurantium, Paeonia lactiflora, Citrus sinensis, Elettaria cardamomum, 

Amomum villosum, Paeonia suffruticosa, Magnolia officinalis, Albizia julibrissin, 

Perilla frutescens, Lindera strychnifolia, Raphanus sativus 

Theaceae - 

CAM90 St John's Wort, Lemon Balm, Milk Thistle, Ginkgo Biloba, Spirits - - 

CAM92 Ginkgo biloba leaf - - 

CAM95 Hops, Passionflower, Lemonbalm, Magnesium, Humulus, Passiflora, Lamiaceae - includes Melissa (lemonbalm) Homo sapiens 

CAM96 

Bacopa monnieri (Brahmi) (whole plant), Ginkgo biloba (leaf), Centella asiatica 

(Gotu Kola) (leaf), Eleutheroccus senticosus (Siberian Ginseng) (root), 

Schisandra chinesis (fruit), 

Schisandra, Araliaceae, Myodocarpaceae, Plantago, Astragalus, Trigonella, 

Phyllantheae, Malvaceae, BEP clade 
- 

CAM97 

Angelica polymorpha, Alpinia oxyphylla, Schizandra chinesis, Cistanche 

deserticola, Zizyphus jujuba, Bambusa textilis, Gastrodia elata, Lycium 

barbarum, Polygala sibirica, Juglans regia, Pinus massoniana 

Apiaceae (includes Angelica), Eupatorieae, Cistanche deserticola, Solanales 

(includes Lycium), Rosales - Rhamnaceae (inlcudes Ziziphus), Papilionoideae 

(includes Glycine), Polygalaceae (includes Polygala), Betulaceae, 

Elevate 

, Rutaceae, Epimedium myrianthum, Acorus, Pooideae, Zingiberaceae (includes 

Alpinia) 

Sus scrofa scrofa 

CAM100 

Vitamin B1, Vitamin B2, Vitamin B3, Vitamin B5, Vitamin B6, Vitamin B12, Biotin, 

Calcium, Potassium, Folic acid, Choline bitartrate, Inositol, Zinc, Chromium, 

Rhodiola rosea extract 

- - 
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CAM103 

Paeonia suffruticosa root bark, Gardenia florida fruit, Poria cocos fruiting body, 

Bupleurum falcatum root, Paeonia lactiflora root, Angelica polymorpha root, 

Atractylodes macrocephala rhi., Glycyrrhiza uralensis root, Zingiber officinale 

rhizome, Mentha hypocalyx 

Araliaceae (Panax), Paeonia, Amaranthus, Lamiales, Poaceae, Scutellaria, 

Polygonoideae, Campanulids 
Homo sapiens 

CAM108 
Aconitum napellus, Arsenicum album, Belladonna, Chamomilla, Coffea, 

Gelsemium, Ignata, Nux Vomica, Pulsatilla 
- - 

CAM112 Panax nonginseng, Zizphus jujuba, Triticeae, Apiaceae Homo sapiens 

CAM114 

Biota orientals seed, Lycium bararum fruit, Scophularia ningpoensis root, 

Rhemannia glutinosa root, Amomum villosum fruit, Ophiopogon japonicus tuber, 

Angelica polymorpha root, Porio cocos fruit Body, Glycyrrhiza uralensis root, 

Lamiales, Glycyrrhiza, Solanoideae (includes Lycium) 
Homo sapiens, Canis 

lupus familiaris 

CAM118 

Withania somnifera (Ashwagandha) root, Humulus lupulus (hops) flower, 

Pyridoxine hydrochloride (vitamin B6), Magnesuym Amino Acid Chelate, 

Magnesium Oxide Heavy, 

Humulus, Solanoideae (could include Withania), Fabaceae, Oryza, Malvaceae, 

Apioideae 
Homo sapiens 

CAM119 

Zizyphus jujuba fruit, Poria cocos fruit, Paeonia lactiflora root, Polygonum 

multiflorum tuber, Glycyrrhiza uralensis root & rhizome, Ophiopogon japonicus 

tuber, Zizyphus spinosa seed, Biota orientalis seed, Curcuma aromatica tuber, 

Pinella ternata rhiz., Chrysanthemum indicum flower, Polygala sibirica root, 

Schizandra chinensis fruit 

Glycyrrhiza - 

CAM123 Ginkgo biloba Malpighiales - 

CAM126 

Zizyphus jujuba fruit, Poria cocos fruit, Paeonia lactiflora root, Polygonum 

multiflorum tuber, Glycyrrhiza uralensis root & rhiz, Ophiopogon japonicus tuber, 

Zizyphus spinosa seed, Biota orientalis seed, Curcuma aromatica tuber, Pinella 

ternata rhiz., Chrysanthemum indicum flower, Polygala sibirica root, Schizandra 

chinensis fruit 

Paeonia, Glycyrrhiza, Cupressaceae, Poaceae - 
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CAM129 
Ocimum tenuiflorum, Withania somnifera, Magnolia officinalis, Poria cocos, 

Polygala sibirica, citrus reticulata 

Araliaceae, Anthemideae, Andrographinae, Armoracia rusticana, Elsholtzieae, 

Calliandra, Cannabaceae, Vitaceae, Avena, Triticeae, PACMAD clade 
- 

CAM130 
Bambusa textilis ,citrus aurantium, Citrus reticulata, Pinellia ternat, Poria cocos, 

Zingiber officinale, Ziziphus jujuba 
- - 

CAM131 

Argentum nitricum, Cocculus, Leonias, Ignatia Passiflora, Sepia, Panax ginseng, 

Valeriana, Zincum metallicum, Kali phosphoricum, Magnesia phosphorica, Nux 

vomica, Phosphoricum acidum 

- - 

CAM138 German chamomile (Matricaria chamomilla), Lactium (hydrolysed milk protien) Papilionoideae, Theobroma - 

CAM145 Hypericum perforatum Trifolium, Rosaceae, Musa - 

CAM146 Valerinana officinalis - - 

CAM148 Withania somnifera (Sensoril) Theobroma - 

CAM149 Lemon balm, Hops, Valerian, Passionflower, Skullcap - - 

CAM151 

Cals phos (Calcium hydrogen phosphate), Ferr phos (Ferric pyrophosphate), Kali 

phos, Mag phos (Magnesium phosphate), Nat phos., Potassium phosphate, 

Sodium phosphate 

- - 

CAM153 Valeriana officinalis, Humulus lupulus, Melissa officinalis, sugar Humulus lupulus, PACMAD clade, Amaranthaceae - 

CAM154 Humulus lupulus, Passiflora incarmata, Melissa officinalis - - 

CAM155 Fish Oil - - 

CAM156 

Ziziphus spinosa (Chinese date), Humulus lupulus (Hops), Piscidia piscipula 

(Jamaica dogwood), Passiflora incarnata (Passion flower), Pyridoxine 

hydrochloride 

- - 

CAM157 Ginkgo biloba - - 
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CAM163 
Lemon Balm (Melissa Officinalis), Chamomile (Matricaria Chamomilla), Lactium 

(Hydrolysed Milk Protein – Alpha Casozepine Enriched) 
- - 

CAM166 Withania (Ashwagandha) Araliaceae, Asteraceae, Lamiales, Solanaceae, Ulmaceae - 

CAM169 Siberian ginseng Araliaceae, Ulmaceae - 

CAM170 Chamomile Anthemideae (includes Matricaria - chamomile) - within Asteraceae - 

CAM172 Hops Humulus - 

CAM173 Passiflora Passiflora 
Homo sapiens, 

Bufonidae (toad) 

CAM174 Ginkgo biloba Ginkgo biloba 

Homo sapiens, Canis 

lupus familiaris (dog), 

Felis catus (cat), Sus 

scrofa scrofa (wild 

boar), Megaderma 

lyra (greater false 

vampire bat), 

Rhinolophus 

(horseshoe bat), 

Hypsugo (bat) 

CAM175 Organic Skullcap Scutellaria, Poeae, PACMAD clade, Mentheae, Desmodium, Carex 
Homo sapiens, Canis 

lupus familiaris 

CAM176 Gotu Kola Araliaceae, Caprifoliaceae, Cypereae - 

CAM179 St John's Wort 
Hypericum perforatum, Anthemideae, Lamiales, Convolvulaceae, Lotus, Rubus 

idaeus, Urtica, Alysseae, Fumaria, Bromus, Poeae, Triticeae, PACMAD clade 
- 

CAM180 Valerian Valeriana officinalis  

Sample ingredients listed on packaging or other documentation and detected are in bold  
CITES Convention on International Trade in Endangered Species of Wild Fauna and Flora  
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Table 2.3: Heavy Metal Contamination of Psychotropic Herbal Medicine Samples
a
 

 

Complementary 
and alternative 

medicine (CAM) 

sample number 

Lead Arsenic Cadmium Mercury 

CAM13 ++  ++  

CAM24 +   + 

CAM26 +    

CAM28
b
   ++  

CAM119 + +  ++ 

CAM126 + +  ++ 

CAM149
a
 ++  +  

 

TGA Therapeutic Goods Administration 

 

+ greater than the TGA limits when the maximum recommended dose taken  

++ greater than twice the TGA limits when the maximum recommended dose taken  

a
Heavy metal detections: of the 59 herbal medicines screened using inductively coupled 

plasma with mass spectrometer (ICP-MS), those appearing in the table were found to contain 

the metals arsenic, lead, cadmium or mercury in quantities above the TGA guidelines (based 

on 60 kg person: 1.8 μg daily dose arsenic, 2.2 μg daily dose lead, 0.22 μg daily dose 

cadmium, 0.47 μg daily dose mercury)  

b
CAM28 and CAM149 are teabags where the extraction efficiency is unknown  
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Figure 2.1: Categories of adulteration and contamination of psychotropic herbal medicine 

samples. Adulterants and contaminants detected (49.15%), additional pharmaceuticals 

(16.95%), additional plant DNA (33.9%), additional animal DNA (23.73%), missing declared  

ingredients (79.66%), Contains fillers (11.86%), contains heavy metals (11.86%), nothing 

detected (37.29%), contains endangered species (1.69%), accurately labelled (3.34%). 

*Ingredients detected match ingredients listed on herbal medicine label  
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Table 2.4: Categories of Adulteration and Contamination of Psychotropic Herbal Medicine Samples 

 
 Contents AustL listeda Complementary and Alternative Medicine (CAM) sample number  Non-listed Complementary and Alternative Medicine (CAM) sample number 

Sample number  2 12 13 18 24 25 28 49 85 89 96 97 103 114 126b  26 27 34 149 166 169 170 

  

173 174 175 176 179 

Additional plant DNA ✓ 
 

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
 

  ✓ 
 

✓  ✓ ✓ ✓ 
  

✓ ✓ ✓ 

Additional animal DNA 
    

✓ 
  

✓ 
   

✓  ✓   ✓ ✓ 
 

  
   

✓ ✓ 
  

Fillers ✓ ✓ 
 

✓ ✓ 
       

 
 

✓    
  

  
  

✓ 
 

 
  

Endangered plant species 
           

✓  
 

    
  

  
    

 
  

Undeclared pharmaceuticals       ✓       ✓                

Heavy metals   ✓  ✓  ✓        ✓  ✓   ✓         

 
aHerbal medicines sold in Australia are required to be listed on the Therapeutic Goods Administration’s (TGA) Australian Register of Therapeutic Goods 

(ARTG) and are assigned a unique AUST L number  
bCAMs 119 and 126 are different batches of the same herbal, only the results for 126 are shown  
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2.5. Discussion 

Overall, 29 of 59 herbal medicine samples were adulterated or contaminated (49%) with 

materials not declared as listed ingredients (Figure 2.1, Table 2.4). Eighteen of 19 TCM herbal 

medicine samples (94%) were adulterated or contaminated and were therefore over-represented 

compared with Western herbal medicines, which had contamination and adulteration rates of 

37% (n=14). Both of the Ayurvedic preparations were also contaminated. Eighteen of the herbal 

medicines had more than one contaminant (e.g. containing a combination of two or more 

additional herbal products, Convention on International Trade in Endangered Species of Wild 

Fauna and Flora [CITES]-listed species, pharmaceuticals or heavy metals; Table 2.4). Only two 

of the 59 samples contained the listed active ingredient(s) without additional adulterants and 

contaminants, or missing ingredients.  

It is a requirement of Australian legislation that any product manufactured overseas and placed 

on the ARTG, whether listed or registered, must be manufactured to standards equivalent to 

Australian good manufacturing practice (GMP) [25]. Given that the majority of adulterated and 

contaminated herbal medicine samples were imported from overseas for consumption in 

Australia, this suggests that there is a failure in regulatory control. It is also possible that once 

certified, GMP conditions are relaxed at factories, or herbal medicines from non-GMP sites are 

being substituted.  

In terms of substitution, CAM13 should contain only Gotu Kola (Centella asiatica). However, 

it also contained significant amounts of another species, Hydrocotyle verticil- lata. Both species 

are morphologically similar types of pennywort, but derive from different plant families 

(Apiaceae vs. Araliaceae). They are both wetland plants, but while C. asiatica has purported 

medicinal properties, Hydrocotyle is commonly used in aquaria [26]. The similarities between 

the two species suggests misidentification during plant harvesting and manufacture. This 
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highlights that current routine methods for determining the quality of herbal medicines may 

miss substitutions of this type.  

Five herbal medicines contained genera from the Triticeae (wheat) family, possibly present as 

fillers. This may be of concern to consumers with celiac disease. The only effective treatment 

for people with celiac disease is a gluten-free diet [27]. Consumers with sensitivity to gluten 

may experience unexpected adverse reactions since Triticeae was not declared on the listed 

ingredients. Each of these five samples had the potential fillers soy (Glycine), alfalfa 

(Medicago) and rice (Oryza) present but not listed on the labels. In comparison, Newmaster et 

al. [3] found that 20% of their samples of herbal medicines had undeclared wheat, rice, alfalfa 

or soy.  

One sample (CAM97, AUST L-listed preparation) breached CITES Appendix II, which lists 

“species that are not necessarily now threatened with extinction, but that may become so unless 

trade is closely controlled” [28]. The inclusion of the trade-restricted flora species Cistanche 

deserticola, also known as desert broomrape, highlights an additional consideration for the 

TGA, given the incorrect declaration of ingredients by the manufacturer. The inclusion of 

endangered species in herbal medicine is an often undetected and overlooked threat to their 

survival [29].  

Eleven herbal medicines had animal DNA present from one or more of mice, goats, dogs, cattle 

and pigs. This suggests contamination from a number of substandard quality control processes 

during manufacture (such as inadequate cleaning once harvested, pest infestation at the 

manufacturing facility or improper storage), which may potentially have negative health 

impacts and subsequent morbidities and mortalities [30]. CAM174, an organic Gingko tea, was 

contaminated with three different species of bat DNA. This has serious health implications 

given that bats can transmit deadly diseases such as rabies [31]. Two of the three bat species 

identified (Megaderma lyra, Hypsugo sp.) do not occur in Australia [32], so contamination is 
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likely to have occurred elsewhere. TCMs such as Ye Ming Sha use dried bat faeces to “clear 

heat and brighten eyes, dissipate blood and eliminate accumulation” [33]. It is not clear if bat 

materials have been deliberately added to this tea or are contaminants.  

There was a substantial number (n = 18, 30.5%; Table 2.4) of herbal medicine samples that did 

not have DNA present. This could be accounted for by the absence of the active ingredients, or 

DNA degradation in the manufacturing process. The majority of the investigated medicines 

with no DNA detections were either herbal extracts or fish oils, where little or no DNA would 

be expected to survive pro- cessing. Other medicines with no DNA results were minerals or 

homeopathic medicines (where no ingredients of any kind would be expected to be found).  

Unlike some other regulatory agencies, the TGA requires that labels on herbal medicines 

specify whether the components are extracts, and whether they are standardised to the weight 

of the original plant or to a particular component [34]. This enables determination of whether 

processing was a likely reason for the lack of DNA detection in these medicines. For example, 

herbal medicine CAM145 lists St John’s wort as an ingredient, but no Hypericum DNA was 

detected. However, CAM145 is listed as an extract in both the TGA listing and the product 

label, so it is unlikely that any DNA would be present. On the other hand, CAM112 lists the 

herb Panax notoginseng, rather than an extract, as the main ingredient in both the TGA and 

packaging listings, but no plant DNA was found.  

Since CAMs 89, 129 and 130 are extracts, no DNA con- tent was detected in these samples. 

One exception was in CAM89, which contained DNA from the Theaceae (tea) family. Given 

that none of the listed ingredients belong to the Theaceae family, it can be deduced that the 

DNA is a contaminant. In these cases, small-molecule analysis data can aid the investigation. 

Synephrine, an amine stimulant popular in weight-loss products, was detected in three herbal 

medicine samples (CAMs 89, 129, 130), but was not listed as an ingredient. Synephrine is found 

in several citrus fruits, including Citrus aurantium (bitter orange) and C. reticulata (mandarin 
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orange), both of which are used in TCM [35, 36]. Due to its Ephedra-like activity, there are 

numerous reports of cardiovascular problems such as hypertension and tachyarrhythmia 

associated with the consumption of synephrine-containing products [36]. These fruits were 

components of the three herbal medicines where synephrine was detected. Synephrine in 

weight-loss products is typically consumed at around 50 mg per dose. The recommended doses 

listed on the herbal medicines samples in this study would give expo- sure to synephrine at a 

threshold dose (2.5 mg) for CAMs 89 and 130, and a trace-level dose (0.2 mg) for CAM129 

[35]. The levels found are consistent with the stated levels of extracts of C. aurantium and C. 

reticulata on both the TGA and label listings for the three herbals and are thus not likely to 

have been added exogenously.  

Small-molecule analysis also detected caffeine, a widely used stimulant, in six samples. It was 

a listed ingredient in CAM148, and an implied ingredient from the cocoa flavouring listed on 

CAM138. Caffeine was undeclared in CAMs 25, 73, 96 and 163. Undeclared caffeine from 

under-appreciated sources can pose serious health risks to people [37]. While usually more than 

300 mg of caffeine at once can result in caffeine intoxication, and gram quantities can result in 

death, people who are poor metabolisers and those with liver disease or cardiac conditions 

(especially those taking drugs that inhibit caffeine metabolism) can experience serious effects 

and even death when unknowingly consuming caffeine [38]. This is an important reason to 

accurately declare caffeine (and all ingredients) in herbal preparations.  

Unlike previous studies [39], no prescription medicines were found in the herbal medicines 

studied. Trace levels of ephedrine and pseudoephedrine were detected in CAM103 but were 

most likely of plant origin. However, since CAM103 consisted entirely of extracts (the 

manufacturing process of which would have degraded any Ephedra species DNA present), the 

source of the ephedrine and pseudoephedrine could not be confirmed. The presence of other 

ephedrine analogues indicates that the herbal medicine extracts were not adulterated with 
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synthetic or pharmaceutical-grade ephedrine and pseudoephedrine, but instead by the addition 

of plant material or extracts containing these compounds. There are no known synthetic 

pathways for ephedrine or pseudoephedrine that would result in the presence of the analogues 

as by-products.  

Heavy metals in excess of TGA limits for medicines were found in seven herbal treatments: 

four TCMs, two West- ern herbals and one Ayurvedic preparation. Most preparations had more 

than one heavy metal in them. In a previous study of TCMs, 77% of TCMs were contaminated 

with one or more heavy metal, while in this study only 24% of the TCMs were contaminated, 

and contamination levels were lower overall [2]. Heavy metals such as cadmium, arsenic and 

nickel are carcinogens and cause genetic damage [40].  

The herbal medicines investigated in this study were indicated for the treatment of psychotropic 

symptoms, where there is a large degree of self-medication. Before using herbal medicines, 

adults with anxiety and depression infrequently consult practitioners who are experts in herbal 

medicines [41, 42] and they often do not disclose the use of herbal products to general health 

practitioners [43–47]. Both of these behaviours are concerning, as individuals may not be 

receiving the most suitable treatments, and their use of herbal medicines may even be 

dangerous, especially when used in conjunction with prescribed treatments [9, 48]. Moreover, 

substandard quality psychotropic herbal preparations can cause serious and hidden health 

outcomes [30].  

For example, a patient experiencing depression may rely on a St John’s wort preparation to 

alleviate symptoms through the selective serotonin reuptake inhibitor (SSRI) activity of the 

active ingredient, hyperforin [9]. If the St John’s wort content has been substituted for a filler 

(as in the study by Newmaster et al. [3]), the patient would experience no therapeutic benefit 

and the depressive symptoms continue untreated, with the explanation unbeknown to the patient 

or health practitioner.  
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2.6. Conclusion 

The high levels of adulterants and contaminants found in this study suggests that closer 

surveillance of herbal medicines is needed in order to assure the required quality level of herbal 

medicines available in Australia. The findings suggest that the TGA’s low-/high-risk system 

for regulation coupled with post-market auditing is not keeping unapproved and/ or unsafe 

herbal medicines from the market. The ‘honesty policy’ of manufacturers declaring ingredients 

appears to be ineffective. The post-market auditing system needs replacement with pre-market 

auditing to assess the quality and composition of herbal medicines to ensure that only safe 

preparations are available for purchase.  
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2.8. Supplementary Material 

Supplementary Table S2.1: Internal standards used for qualitative time-of-flight analysis 
 

Compound Concentration (mg/L) 
D8 Olanzapine 0.125 
D3 Oxycodone 0.050 
D5 Alprazolam 0.050 
BFPMP 0.333 
D8 Quetiapine 0.125 
D5 Amphetamine 0.125 
D7 7aminoflunitrazepam 0.063 
D5 Diazapam 0.150 
D5 Oxazepam 0.175 
D5 Methamphetamine 0.100 
D3 Atropine 0.100 
13C6 Amlodipine 0.097 
D6-ODMtramadol 0.200 
Prazepam 0.250 

 
 
 
Supplementary Table S2.2: Plastid and mitochondrial DNA primers 
 
Primer Name Primer Sequence (5'-3') Annealing temperature Reference 

trnL g GGGCAATCCTGAGCCAA 52°C [11] 
trnL h CCATTGAGTCTCTGCACCTATC 52°C  

16smam1 CGGTTGGGGTGACCTCGGA 57°C [12] 
16smam2 GCTGTTATCCCTAGGGTAACT 57°C  

rbcL_h1a F GGCAGCATTCCGAGTAACTCCTC 52°C [13] 
rbcL_h2a R CGTCCTTTGTAACGATCAAG 52°C   

Individual fusion primers consisted of a forward or reverse sequencing primer followed by a 
6-8 bp multiplex identifier (MID) tag, and one of the above gene specific primer sequences.  

 
 
 
Supplementary Table S2.3: Detection Limits for Heavy Metals by ICP-MS 

 
As Cd Cu Hg Ni Pb Sb Se Sn Zn 

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg 

0.2 0.02 0.2 0.02 0.5 0.05 0.02 0.02 1 1 
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3.1. Abstract 

Introduction 

Methods for assessing the quality of herbal medicine preparations have advanced significantly 

in recent years in conjunction with increases in herbal medicine use and reports of 

adulteration and contamination. 

 

Objective 

This study examined the quality of analgesic and anti-inflammatory herbal medicine 

preparations available on the Australian market by detecting the presence of listed ingredients, 

adulterants and contaminants. 

 

Methods  

Forty-nine analgesic and anti-inflammatory herbal medicine preparations were randomly 

sourced form Australian capital cities. They were audited using a dual approach of liquid 

chromatography-mass spectrometry (LC-MS) combined with next generation DNA 

sequencing. Once screened, a comparison of listed ingredients with verified ingredients was 

conducted to determine the accuracy of labelling, and the extent of adulteration and 

contamination. 

 

Results 

Twenty-six of 49 (53%) herbal medicines were adulterated or contaminated with undeclared 

ingredients. LC-MS revealed the presence of pharmaceutical adulterants including atropine 

and ephedrine. DNA sequencing uncovered concerning levels of herbal substitution, 

adulteration and contamination, including the use of fillers (alfalfa, wheat and soy), as well as 

pharmacologically relevant species (Centella asiatica, Panax ginseng, Bupleurum and 
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Passiflora). Pig/boar and bird DNA was found in some preparations, inferring substandard 

manufacturing practices. Of the 26 contaminated samples, 19 (73%) were manufactured in 

Australia, and 7 (27%) were imported from other countries (6 from China, 1 from New 

Zealand). In 23 of 49 (47%) herbal medicine samples, no biological ingredients were detected 

at all. These were predominantly pain and anti-inflammatory preparations such as 

glucosamine and eicosapentaenoic and docosahexaenoic acids found in krill and fish oils, so 

DNA would not be expected to survive the manufacturing process. 

 

Conclusion 

The high level of contamination and substitution of herbal medicine preparations sourced 

from Australian dispensaries supports the need for more stringent pharmacovigilance 

measures in Australia and abroad. 

 

Key points: 

• Overall, 26 of 49 (53%) herbal medicines were adulterated or contaminated with 

undeclared ingredients. 

• In 23 of 49 (47%) herbal medicine samples, no ingredients were detected at all. 

• The high level of contamination and substitution of herbal medicine preparations 

sourced from Australian dispensaries supports the need for more stringent 

pharmacovigilance measures in Australia and abroad. 
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3.2. Introduction 

Complementary and Alternative Medicine (CAM) refers to a wide range of alternative 

therapies and medicines including herbal medicine preparations and nutritional supplements 

(1). In Australia, CAM use is becoming increasingly popular, with an estimated two out of 

three Australians using these products (2-5).  These CAM users are more likely to be female, 

middle-aged with a higher education and higher annual income in comparison to female non-

CAM users (5).  Although  some CAM therapies and medicines are regulated by the 

Therapeutic Goods Administration (TGA), the industry is largely unregulated. This makes 

CAMs vulnerable to poor quality control, which is demonstrated by recent reports of 

adulteration and contamination of herbal medicine products and nutritional supplements in 

Australia (6-9). 

 

People with chronic diseases frequently and increasingly use CAMs (5). Chronic pain is a 

major health problem in Australia, with a reported prevalence of 17% of males and 20% of 

females in a representative sample of more than 17,000 people living in New South Wales 

alone (10). To meet this need, the use of prescription opioid analgesics has been increasing 

over the last few decades in Australia (11). This presents an increasing risk of tolerance, 

dependence, overdose and drug diversion (11), and has seen increased monitoring and control 

of opioid prescriptions. Restrictions on over-the-counter pain medications such as codeine 

have come into effect to combat the issue. As a result of these regulatory and educational 

changes, along with an increase in popularity of CAMs, a large proportion of people (such as 

sufferers of arthritis or lower back pain) are seeking herbal medicines and nutritional 

supplements to treat their condition (12).  
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Given the demonstrated demand for herbal medicines and nutritional supplements, there is a 

duty of care to ensure the safe provision of CAMs and their accompanying policies and 

frameworks. However, due to the nature of the industry, there are many obstacles to high 

quality products. These include, Good Manufacturing Practice (GMP) not being adhered to 

locally and difficult to enforce for imported products, substitution of plant species, 

adulteration and contamination, inadequate processing, and augmentation with prescription 

medications. These issues largely stem from the trust-based approach of the TGA and using 

post-market auditing rather than premarket auditing.   

 

The accuracy of labelling on herbal medicine products is an important health, legal and 

environmental issue (8; 13). In Australia, the common belief is that herbal medicines are 

rigorously monitored for safety and efficacy by regulatory bodies, when in fact, the regulation 

of the herbal medicine industry is largely self-assessed and trust-based (9, 14). This is in 

accordance with the Therapeutic Goods Administration low-/high-risk system which largely 

relies on post-market auditing, meaning consumers already have access to a preparation 

before it is monitored (7). With the quality of herbal medicine preparations called into 

question in recent years (6, 9, 15 - 17), methods for assessing herbal medicine content has 

advanced in such a way that the biological and pharmaceutical content can be more 

comprehensively identified. 

 

The present study assessed the composition of 49 analgesic and anti-inflammatory CAMs, 

such as krill oil, glucosamine and Devil’s Claw, all of which were listed on the Australian 

Register of Therapeutic Goods (ARTG). The study utilised a newly-established, two-pronged 

approach which combines next generation DNA sequencing with liquid chromatography-mass 

spectrometry (8). This dual approach verifies results across two separate methods to 
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confidently assess the presence or absence of active ingredients along with the presence of 

possible contaminants such as prescription medications, illicit drugs, pesticides and herbicides 

(using liquid chromatography with quadrupole time-of-flight (LC-QTOF) detection, liquid 

chromatography with diode array (LC-UV) detection, gas chromatography with 

nitrogen/phosphorus and mass spectrometer detection (GC-NPD/MS)), and DNA material 

(using next generation DNA sequencing (8)).  

This method permits comparison of listed ingredients with verified ingredients, and those 

declared to regulatory agencies. Recent studies by Blacksell et al. (2014)(18) and Newmaster 

et al. (2013)(17) have demonstrated that this may uncover discrepancies which pose a risk to 

consumers. This study will assess the quality of anti-inflammatory and analgesic herbal 

medicines and nutritional supplements and contribute to the broader understanding of the state 

of herbal medicine product substitution, contamination and adulteration in Australia. 
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3.3. Methods 

 
3.3.1. Sample collection 

Forty-nine processed herbal preparations indicated for analgesic and anti-inflammatory 

purposes, in various forms (18 capsules, 14 tablets, 6 pills, 6 teas, 3 oils, 1 cream and 1 balm) 

and from various herbal medicine types (31 Western herbal medicines, 15 traditional Chinese 

medicines and 3 Ayurvedic preparations) were randomly selected and purchased from 

pharmacies, health food stores, traditional herbal retailers and online in Australian capital 

cities during 2014. Samples were allocated random identification numbers and aliquots were 

made using sterile DNA free techniques into sterile DNA-free vials for later processing (9). 

 

3.3.2. Small Molecule Analysis 

3.3.2.1. Ethanol extraction 

Samples were crushed to a fine consistency using a mortar and pestle, and 50 mg of sample was 

placed into test tubes. 25 µL of internal standard mix (composition is listed in Table 3.1) and 1 

mL of Absolute Ethanol (analytical reagent grade; Univar, Sydney AU) were added to the test 

tubes, which were then sonicated for 15 min, and centrifuged for 10 min at 3000 rpm. The 

supernatant was transferred into clean glass disposable tubes and evaporated to dryness using a 

centrifugal evaporator. The extract was reconstituted with 100 µL of absolute ethanol and 

transferred to 2 mL gas chromatography vials containing a tapered insert (7). 

 

3.3.2.2. Basic extraction 

Samples were crushed to a fine consistency using a mortar and pestle, and 50 mg of sample was 

placed into test tubes. 1 mL of glass distilled H2O and 250 µL of 30% ammonia (analytical 

reagent grade, Chem Supply, Adelaide AU) was added. The test tubes were vortexed for 5-10 

s. 5 mL of butyl chloride (BuCl, Honeywell B&J, Adelaide AU) was added to the test tubes, 
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and the samples were extracted using a mechanical roller for 15 min. Samples were then 

centrifuged for 10 min at 3000 rcf. The BuCl layer was transferred into clean glass disposable 

tubes and evaporated to dryness using a centrifugal evaporator. The extracts were reconstituted 

with 100 µL of absolute ethanol (analytical reagent grade, Univar, Sydney AU) and transferred 

to 2 mL gas chromatography vials containing a tapered insert (7, 19). 

 

3.3.2.3 Instrumentation 

Each herbal medicine sample underwent screening for pharmaceutical adulterants and 

contaminants such as prescription medications, illicit drugs, pesticides and herbicides. 

 

Sample extracts were analysed by an Agilent 1200 LC 6520-QTOF in dual ESI mode fitted 

with a Waters Acquity BEH C18, 1.7 µm, 3.0 x 50 mm column, with a guard cartridge 

(Phenomenex C18 4.0 x 3.0 mm). Analysis was repeated on an Agilent 1100 series high 

performance liquid chromatography (HPLC) system with diode array detector fitted with an 

Agilent Eclipse Plus C18, 1.8 µm, 4.6 x 50 mm column with guard cartridge (Phenomenex C18 

4.0 x 3.0mm). Sample extracts underwent further analysis on an Agilent 7890 gas 

chromatograph (DB-5 column) with nitrogen-phosphorous and mass spectrometer detectors.  

 

Results were processed using MassHunter Qualitative Analysis (vB.07.00), ChemStation for 

LC (vB.04.01) and MSD ChemStation (vE.02.00.493) software and were matched against 

Forensic Science SA’s in-house retention time, accurate mass and MS/MS spectral library of 

approximately 350 compounds, and a commercial database containing 3,490 MSMS spectra 

(Forensic and Toxicology Personal Compounds Database and Library, Agilent Technologies).  

Compounds reported as present were confirmed by comparison to a contemporaneous standard. 
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3.3.2.4. Quantitation 

Atropine was quantified using the basic extraction procedure described above with analysis by 

Agilent 1200 LC 6520-QTOF in dual ESI mode. D3-atropine was used as the internal standard 

for the quantification of atropine. Synephrine and ephedrine analogues were quantified using 

mixed mode solid phase extraction (SPE) (System48 Cerex Pressure Processor). D3-

pseudoephedrine was used as the internal standard for the quantification of ephedrine analogues 

and d5-amphetamine was used for synephrine. Analytes were extracted from the sample by 

sonication and vortexing the pulverised sample in pH 5.7 acetate buffer (2 mL). The analytes 

were retained on a UCT XTRACT®, 200 mg/3 mL cartridge by cation exchange. Analyte 

elution was achieved by passing a basified mixture of CH2Cl2/i-PrOH through the SPE 

cartridge. The eluent was evaporated, and the residue reconstituted in methanol. The extract 

was analysed by LC-MS/MS (SCIEX 4000QTRAP with Agilent 1200 LC-autosampler system, 

Phenomenex Luna PFP(2) LC column 3µm  50 x 4.6mm (P/N 00B-4447-e0), with PFP guard 

column 5μm 4 x 2.0mm (P/N AJ0-8326)) using electrospray ionisation in the positive mode 

and multiple reaction monitoring (7). Sample analyte responses were compared to calibration 

curves constructed using authentic reference standards, processed in parallel with the samples. 

 

3.3.2.5 Calibration and quality control (QC) solutions 

Authentic reference standard stock solutions were accurately weighed into volumetric flasks. 

A combined working standard solution was prepared by transferring the appropriate volume of 

each stock solution to a volumetric flask, making up to volume with ethanol (7). 

 

3.3.3. DNA extraction and quantification  

DNA characterisation of the TCM samples followed Coghlan et al. (2012) (8).  Briefly, small 

amounts of each sample (between 50–200 mg), together with extraction controls, were digested 

overnight, on a shaking heat block at 55°C, in 0.7–1.5 mL of tissue digest buffer consisting of 
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1mg/ml proteinase K powder (Amresco, OH, USA), 20 mM Tris (Sigma, MO, USA), 2.5 mM 

EDTA (Invitrogen, CA, USA), 5 mM CaCl2 (Sigma), 20 mM dithiothreitol solution (Thermo 

Fisher Scientific, MA, USA), 1% sodium dodecyl sulfate (Invitrogen), and Milli-Q water. 

200 μL of digest was mixed with 1 mL of Qiagen (CA, USA) PB buffer and purified and washed 

on a silica spin column and finally eluted with 50 μL of EB buffer (Qiagen, CA, USA). 

 

The extracted DNA was quantified by amplifying the following plant and mammal DNA gene 

regions: trnL g/h, rbcL and 16S rRNA, (20-21) (primer information can be found in 

Supplementary Table S3.1) using an ABI StepONE Plus qPCR (Applied Biosystems, USA) 

platform. All PCRs were carried out in a 25 μL volume including: 2 mM MgCl2 (Applied 

Biosystems, USA), 1 × Taq polymerase buffer (Applied Biosystems, USA), 0.4 μM dNTPs 

(Astral Scientific, Australia), 0.1 mg bovine serum albumin (Fisher Biotec, Australia) 0.4 μM 

of each primer, 0.2 μL of AmpliTaq Gold DNA polymerase (Applied Biosystems, USA) and 

SYBR-Green dye. The qPCR conditions were: 50 cycles of 95°C for 30 s, annealing at primer 

specific temperature (Supplementary Information, Table S3.1) for 30 s, and 72°C for 30 s. The 

qPCR was carried out for each sample at three dilution points (undiluted, 1/10 and 1/100) to 

gauge template copy number and identify if PCR inhibitors were present. 

 

3.3.3.1 Amplicon generation 

Fusion primers with unique 6–8 bp multiplex identifier (MID) tags were designed for the plant 

and mammal primer sets used for qPCR above. Amplicon sequencing was carried out on an 

Illumina MiSeq according to manufacturer’s protocols (Illumina, USA) using a 300-cycle V2 

kit with a nano-flow cell. All amplicons were generated in duplicate and assigned unique 

forward and reverse MID tags to ensure that any contamination from previously generated 
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amplicons could be excluded post sequencing. Primer sequences used in this study are provided 

in the supplementary information (Table S3.1). 

 

3.3.3.2. Bioinformatic analysis 

The sequencing output files were retrieved, filtered, and processed using Geneious (v8.1). 

Reads were deemed to have passed filter when they had exact matches for primers and MID 

tag sequences at both amplicon ends. A non-redundant sequence set (removal of exact matches) 

for each sample was generated using USEARCH (22). These files were then analysed for 

chimeras in USEARCH using the UCHIME de novo method (23) and removed, along with 

singletons and uploaded onto the supercomputer, Magnus (Pawsey Supercomputing Facility, 

Perth, Australia) where a BLASTn search was conducted against the National Centre for 

Biotechnology Information (NCBI) GenBank NR database (24 -25). The resultant BLAST files 

were then imported into the program MEtaGenome ANalyzer (MEGAN v4.7) (26) for 

taxonomic analysis. The amplicon sequences were assigned using the following lowest 

common ancestor parameters: min score of 65, top percent of 5, and min support of 1. Each 

taxonomic assignment was critically evaluated using available databases and is a conservative 

estimate of families, genera and species. Processed amplicon data described herein is available 

from Dryad Digital Repository (datadryad.org DOI https://doi.org/10.5061/dryad.8pk0p2nhr )
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3.4. Results 

Overall, 26 of 49 (53%) of herbal medicines were adulterated or contaminated with undeclared 

ingredients (Figure 3.1, Table 3.4). The most common quality issue was due to missing herbal 

ingredients (53%), followed by additional herbal content (42.9%), additional pharmaceutical 

content (12.2%), presence of animal DNA (18.4%), presence of fillers (14.2%), and presence 

of illicit ingredients (2%) (Figure 3.1). Consistent with previous studies, TCMs were 

overrepresented in contaminated samples (7, 9). TCMs accounted for 34% (n=9) of the 

contaminated samples, as compared with 31% (n = 15) of total samples. Western herbal 

preparations were slightly underrepresented, accounting for 58% (n=15) of contaminated 

samples and 63% (31) of total samples. Two of three Ayurveda preparations were 

contaminated; however, the sample size is too small for a definitive conclusion in relation to 

other categories. Five samples contained one of their listed active ingredients, although they 

also contained additional ingredients and were missing other active ingredients. The complete 

ingredient list as declared on the label was not detected in any herbal medicine sample, meaning 

none of the collected samples were authentic. In 23 (47%) herbal medicine samples, no 

biological ingredients were detected at all. This group was largely comprised of preparations 

listing glucosamine or eicosapentaenoic and docosahexaenoic acids, where DNA would not 

likely survive the manufacturing process (n = 19 (oils n=11, extracts n=8)). 

 
3.4.1. Small Molecule Analysis 

Each herbal medicine sample underwent screening for pharmaceutical adulterants and 

contaminants such as prescription medications, illicit drugs, pesticides and herbicides using 

LC-QTOF, LC-UV and GC-NPD/MS instruments.  Results were processed using MassHunter 

Qualitative Analysis (vB.07.00), ChemStation for LC (vB.04.01) and MSD ChemStation 

(vE.02.00.493) software and were matched against Forensic Science SA’s in-house retention 

time, accurate mass and MS/MS spectral library of approximately 350 compounds, and a 
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commercial database containing 3,490 MSMS spectra (Forensic and Toxicology Personal 

Compounds Database and Library, Agilent Technologies).  Compounds reported as present 

were confirmed by comparison to a contemporaneous standard. 

 

Six of the 49 analgesic and anti-inflammatory herbal medicine samples contained 

therapeutically relevant compounds (Table 3.2). CAM Four samples containing confirmed 

compounds (atropine, synephrine and ephedrine) underwent quantitation. Two samples 

contained only trace levels (below the calibration range) of theobromine, ephedrine or 

pseudoephedrine and were therefore considered too low to report the concentration.  

 

Sample weights and dosage instructions were used to calculate the daily exposure to 

contaminants, and results were compared to recommended daily intake and clinical dosing 

instructions (Table 3.2) (7). 

 

CAM65 and CAM 128 contained synephrine at a dose rate of 0.80mg total daily exposure and 

1.33mg total daily exposure respectively (recommended daily dose maximum of 50mg per day). 

CAM83 contained ephedrine at a dose rate of 0.01mg total daily exposure (not permitted in any 

herbal preparation). CAM110 contained trace levels of ephedrine and pseudoephedrine, 

however neither substance is permitted in herbal medicine preparations. CAM127 contained 

trace levels of theobromine, which is not permitted in herbal preparations, but likely due to 

chocolate flavouring in the preparation. CAM 132 contained ephedrine at dose rate of 1.1mg 

total daily exposure, as well as trace levels of pseudoephedrine and methylephedrine (all three 

substances are not permitted in herbal preparations) (Table 3.2). 
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3.4.2. DNA sequencing 

A total of 24 out of 49 herbal medicines contained DNA material, either plant (n=15), animal 

(n=2) or both (n=7). Five contained the listed active ingredient, along with additional 

ingredients not listed on the label. The taxonomic assignments from the mtDNA and plastid 

DNA data are listed in Table 3.3 and discussed below. As the taxonomic assignments of every 

plant contained in the CAM were too numerous to list here, a sub-set of the plant data is shown 

in Table 3.3.  

 
 
 
Table 3.1: Internal standards used for small molecule analysis 

 
Compound Concentration (mg/L) 
D8 Olanzapine 0.125 
D3 Oxycodone 0.050 
D5 Alprazolam 0.050 
BFPMP 0.333 
D8 Quetiapine 0.125 
D5 Amphetamine 0.125 
D7 7aminoflunitrazepam 0.063 
D5 Diazapam 0.150 
D5 Oxazepam 0.175 
D5 Methamphetamine 0.100 
D3 Atropine 0.100 
13C6 Amlodipine 0.097 
D6-ODMtramadol 0.200 
Prazepam 0.250 
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Table 3.2: Pharmaceutical content of analgesic and anti-inflammatory herbal medicines, as determined by LC-MS analysis. 

 

 
*N/A = substance was not quantified so total daily exposure could not be calculated. 
 
 

CAM # Pharmaceuticals 
detected 

Mean 
concentration 
(mg/g) 

Form Pill weight 
(g) 

Dose per day Total daily exposure 
(mg) 

Recommended daily dose 

65 Synephrine 0.29 capsule 0.689 2 tablets twice 
daily 

0.80 
(689g x 4 =  2756mg 
0.29 x 2.756 = 0.799mg) 

Maximum 50 mg/day 

83 Atropine 0.002 pill 0.207 8 pills three times 
daily 

0.01 
(0.207g  x 24 = 4.968 
0.002 x 4.968 = 0.01mg)  

Not permitted in herbal medicines at 
any level 

110 Ephedrine 
Pseudoephedrine 

Trace 
Trace 

capsule 0.456 2 capsules four 
times a day 

*N/A Not permitted in herbal medicines at 
any level 

127 Theobromine Trace capsule 0.775 1 or 2 capsules 
twice daily 

*N/A Not permitted in herbal medicines at 
any level 

128 Synephrine 0.32 pill 0.173 8 pills three times 
daily 

1.33 
(0.173g x 24 = 4.152 
0.32 x 4.152 = 1.329mg) 

Maximum 50 mg/day 

132 Ephedrine 
Pseudoephedine 
Methylephedrine 

0.20 
Trace 
Trace 

pill 0.095 60 pills twice 
daily 

1.1 
(0.095g x 120 = 5.7 
0.20 x 5.7 = 1.14mg) 

Not permitted in herbal medicines at 
any level 
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Table 3.3: Biological content of analgesic and anti-inflammatory herbal medicines as determined by Next Generation DNA Sequencing. CAM 

ingredients listed and detected are bolded. 

 

Complementary 

and alternative 

medicine 

(CAM) sample 

number 

Listed ingredients Plant DNA Animal DNA 

CAM16 Curcuma longa, Boswellia serrata 

Pedaliaceae, Hymenolobus procumbens, Stanleya tomentosa, Brassica gravinae, 

Brassica maurorum, Brassica nigra, Brassica rapa, Brassica souliei, 

Melastomataceae, Muhlenbergia, Danthonieae, Curcuma 

- 

CAM36 Apium graveolens 

Apium graveolens, Pimpinella, Bupleurum, Trachydium simplicifolium, 

Centella asiatica, Araliaceae, Anthemideae, Amaranthus, Passiflora, Armoracia 

rusticana, Bassia scoparia, Chenopodium 

- 

CAM37 
Eucalyptus radiata, Melaleuca 

alternifolia 

Centella asiatica, Panax, Passiflora incarnata, Muhlenbergia, Danthonieae, 

Paspalum notatum var. saurae 
- 

CAM50 
Eicosapentaenoic acid, 

Docosahexaenoic acid 
Apioideae, Solanoideae, Benincaseae, Cucurbita pepo, Loranthaceae homo sapiens 

CAM51 

Eicosapentaenoic acid, 

Docosahexaenoic acid, Euphausia 

superba 

Solanoideae, Benincaseae, Cucurbita pepo - 



 85 

CAM64 

Glucosamine hydrochloride, Boric 

Acid, Manganese sulfate monohydrate 

Selenomethionine 

Caryophyllaceae, Rutaceae - 

CAM65 

Rutin, Citrus Bioflavonoids Extract, 

Magnesium oxide - heavy, Magnesium 

sulfate - dried, Pyridoxine 

hydrochloride, Cuprum metallicum 

(Copper), Ginkgo biloba 

Rubioideae, Rutaceae (consistent with citrus bioflavonoids extract and 

Rutin) 
Homo sapiens, Sus scrofa scrofa 

CAM67 Green lipped mussel - dried 
Apioideae, Capsicum, Lathyrus, Vicia, Phylloxylon xyllophylloides, Trifolium 

scabrum, Tribuloideae, Rutaceae, Triticeae 
- 

CAM70 Shark cartilage Glycine, Trifolium andricum 
Carcharhinus, Homo sapiens, 

Anatidae, Phasianinae 

CAM75 

Salix alba, Vitis vinifera, Magnesium 

Oxide, Rutin, Pyridoxine 

Hydrochloride, Cholecalciferol 

Citrus, Monanthocitrus cornuta, Murraya paniculata - 

CAM76 
Curcuma longa, Perna canaliculus 

(Greenshell Green Lipped Mussel) 
Trifolieae, Rutaceae, Elymus tangutorum, Laurales - 

CAM83 

Coix lachryma-jobi seed, Atractylodes 

macrocephala root, Ledebouriella 

seseloides rhizome, Forsythia suspensa 

fruit shell, Achyranthes bidentala 

rhizome, Phellodendron amurense 

rhizone, Atractylodes lancea root 

wood,  Gardenia jasminoides fruit, 

Bupleurum, Asteroideae, Dipsacus, Ixoroideae, Lamiales, Polygoneae, 

Papilionoideae, Paeonia 
- 
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Lonicera japonioca flower, Glycyrrhiza 

uralensis root, 

CAM94 Curcumin phospholipid complex Phaseoleae, Pooideae Homo sapiens 

CAM102 Magnesium Phaseoleae, Malvaceae Homo sapiens 

CAM104 Celery (Apioideae; Apium graveolens) 
Apioideae, Lamiales, Cannabaceae, Hordeum brevisubulatum, Muhlenbergia, 

Danthonieae 
- 

CAM110 

Ligusticum wallichii rhizome, Mentha 

haplocalyx, Schizonepeta tenuifolia, 

Angelica dahurica, Calcium sulfate 

Opisthokonta, Leontodon, Oleaceae, Medicago sativa subsp. x varia, Prunus, 

Ulmaceae 
- 

CAM120 

Bupleuram falcatum root, Angelica 

polymorpha root, Atractylodes 

macrocephala rhizome, Paeonia 

lactiflora root, Poria cocos fruit body, 

Glycyrrhiza uralensis root, Mentha 

haplocalyx herb, Zingiber officinale 

rhizome 

- Homo sapiens 
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CAM132 

Aconitum kusnezoff, Aconitum 

napellus, Angelica dahurica, Angelica 

polymorpha, Arisaema japonicum, 

Asarum heterotropoides, Atractylodes 

macrocephala, Boswellia carterii, 

Myrrh, Cyperus rotundus, Gentiana 

macrophylla, Glycyrrhiza uralensis, 

Ledebouriella divaricata, Ligusticum 

wallichii, Nardostachys chinensis, 

Notopterygium forbesii, Paeonia 

suffruticosa, Phaseolus calcaratus, 

Poria cocos 

- Homo sapiens 

CAM166 Withania (Ashwagandha) Heliantheae alliance, Solanoideae, Asparagoideae - 

CAM167 Cat's Claw Cinchonoideae, Lamiales Homo sapiens 

CAM171 Stinging Nettle (Urtica dioica) 
Apiaceae, Heliantheae, Galium, Lamiaceae, Amaranthaceae, Cactineae, Urtica 

dioica, Pooideae 
Homo sapiens 
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CAM176 Gotu Kola Araliaceae, Caprifoliaceae, Cypereae - 

CAM177 
Organic Stinging Nettle (Urtica 

dioica) 
Scandiceae, Rubieae, Lamiaceae, Rubus, Urtica dioica, Pooideae - 

CAM178 Devil's Claw Lamiaceae, Duranta fletcheriana, Solanaceae, Urtica dioica - 
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Figure 3.1: Categories of adulteration and contamination of analgesic and anti-inflammatory 
herbal medicine samples.  
 



 90 

 

Figure 3.2: MEGAN tree showing taxonomic assignment of plant DNA content in CAM104. The only declared ingredient is Apium graveolens 

(celery), however neither the Apium graveolens species, nor the Apium genus, could be detected. The subfamily Apioideae, which contains 

celery as well as carrot, parsnips, parsley, fennel, dill, coriander, anise and cumin was detected. The significant content of Cannabaceae family 

DNA (highlighted in yellow) is of concern given the possibility that this potentially represents illicit species Cannabis sativa or Cannabis indica. 
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3.5. Discussion 

3.5.1. Pharmaceutical substitution, contamination and adulteration in herbal medicine 

samples 

Studies have revealed that the addition of a pharmaceutical adulterant to a herbal medicine to 

enhance a pharmacological or physiological is becoming a widespread problem (27). The 

present study revealed three main pharmaceutical compounds of interest (synephrine, ephedrine 

and atropine) in four herbal medicine preparations. 

 

3.5.1.1. Synephrine  

Synephrine is the primary protoalkaloid found in bitter orange (Citrus aurantium) extracts, 

and commonly used in weight loss and sport performance supplements.  It was detected in 

CAM65 at 0.80 mg daily exposure (Table 3.2), This is considered a safe level of exposure based 

upon standard administration of 50 mg per dose per day (27 - 29). CAM65 did declare Citris 

Bioflavonoids Extract as an ingredient and was expected to contain trace levels of synephrine. 

CAM128 also contained synephrine, at 1.3 mg daily exposure. This is also a safe level for 

consumption; Citrus aurantium fruit was declared as an ingredient and is the expected source 

of synephrine.  Synephrine is structurally similar to ephedrine and therefore its safety for 

consumption has been questioned (29). However, at the reported doses, it is without the adverse 

cardiovascular effects associated with ephedrine (29). 

 

3.5.1.2. Ephedrine  

The traditional Chinese medicine “Ma huang” is a popular plant-based source of ephedrine 

derived from the genus Ephedra, and used for weight loss, anti-inflammatory effects and 

improving energy (30 - 31). Due to its serious side effects such as stroke, myocardial infarction, 

and sudden death (32), ephedrine is not permitted in any herbal preparations in Australia. 

Despite this ban and known side effects, ephedrine was detected in three samples, but only one 
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(CAM132) was significant for quantitation (Table 3.2). None of the preparations listed Ephedra 

as an ingredient. CAM110 had only trace levels of ephedrine and pseudoephedrine. CAM132 

contained ephedrine, pseudoephedrine, norephedrine, norpseudoephedrine, methylephedrine 

and methylpseudoephedrine analytes, however methylpseudoephedrine could not be 

confirmed, as a standard was not available for comparison. The only analyte at levels sufficient 

for quantitation was ephedrine, with 1.1 mg calculated daily exposure to ephedrine from 

CAM132. The presence of ephedrine analogues indicates that the herbal medicine extracts were 

not adulterated with synthetically manufactured or pharmaceutical grade ephedrine and 

pseudoephedrine, but instead by the addition of plant material or extracts containing these drugs 

(7). This is plausible as CAM132 is an anti-rheumatic medication and preparations containing 

Ephedra such as Ma-huang have been traditionally used for this indication. DNA analysis did 

not reveal any Ephedra containing species (or any of the listed plant ingredients), as was 

expected since CAM132 is composed of extracts. Under these circumstances any plant DNA 

would be too degraded for detection. 

 

3.5.1.3. Atropine  

The naturally occurring muscarinic receptor antagonist atropine is an alkaloid found naturally 

in Jimson weed (Datura stramonium, also known as Angel’s trumpet) of the Solanaceae 

(nightshade) plant family. Despite serious safety concerns, Jimson weed is used to treat asthma, 

cough, flu (influenza), swine flu, and nerve diseases, or recreationally to induce hallucinations 

and euphoria (33-34). Atropine was detected in CAM83 at a calculated daily exposure of 0.01 

mg (Table 3.2) which is not pharmacologically relevant, along with trace levels of hyoscine 

(also referred to as scopolamine). These two compounds are both present in Jimson weed, 

suggesting that the presence of the atropine was due to the presence of plant matter rather than 

synthetically manufactured and pharmaceutical-grade atropine.  Atropine was not a listed 
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ingredient, and atropine containing plant species were not detected through DNA analysis, 

which is consistent with the medicine being composed of extracts.  

 

3.5.2 DNA Substitution, contamination and adulteration in herbal medicine samples 

3.5.2.1. Plant matter detected in herbal medicine samples 

Product substitution is the fraudulent replacement of listed ingredients with substitute 

ingredients, and the use of undisclosed (and inexpensive) ingredients in their place (17, 35). 

Plant species that can be easily confused with, or disguised as, herbal medicines are being 

marketed to consumers as the advertised active ingredient (36). The present study revealed a 

conservative estimate of plant product discrepancies of at least 42% (n=21) of herbal medicine 

samples. This figure was determined based on the presence of additional herbal ingredients 

likely for therapeutic benefit, or fillers such as plant materials of inferior quality and often 

without therapeutic benefit (37) (Figure 3.1, Table 3.4). It is difficult to determine the exact 

figure for substitution as the intent of the manufacturer is unknown (accidental contamination, 

misidentification of plant morphology upon harvest, or intentional substitution with filler). 

Barriers to correct species identification include removal of morphological features in products 

prior to manufacture (i.e. providing solely the plant root or shark fin removes the opportunity 

to precisely evaluate its morphology at the point of manufacture) (13). 

 

CAM67 did not contain DNA from Perna canaliculus (Greenshell green-lipped mussel) but did 

contain DNA from the Triticeae (wheat) family which was not declared on the label (Table 3.3). 

The ingredients listed on the TGA public summary and by the manufacturers state that green-

lipped mussel is not an extract in this medicine, so DNA is expected. There is an obvious 

economic advantage in using fillers rather than the advertised green-lipped mussel. While there 

is no therapeutic benefit in including Triticeae, it is of relevance to those with coeliac disease 

(38) and others with sensitivity to gluten and must be declared. Alternatively, an extract, rather 
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than green-lipped muscle itself, may have been used with wheat as the carrier, however the 

TGA requires extracts to be identified. CAM76 DNA content included Trifolieae (clover) and 

Rutaceae (citrus), neither of which present a therapeutic benefit, rather than the advertised 

tumeric and Greenshell green-lipped mussel (Table 3.3).   

 

By contrast, CAM36 contained many therapeutically relevant plant ingredients not listed on the 

label. These include Bupleurum (Chaihu; a popular traditional Chinese herb used for pain) 

which is therapeutically relevant given its anti-inflammatory and anti-oxidative action (39 - 40) 

(Table 3.3). It also included Centella asiatica (also known as Gotu cola, used for cognitive 

enhancement), Passiflora (used for sleep and muscle spasm relief), and other flowering herbs 

in addition to the declared Apium graveolens (celery, Table 3.3). Similarly, CAM37 contained 

undeclared herbal medicines such as Panax ginseng and Centella asiatica, which are both 

bioactive. The inclusion of a variety of therapeutically relevant ingredients discounts the 

possibility of misidentification during plant harvest, and points to either accidental 

contamination through poor manufacturing process, or intentional adulteration for 

physiological or pharmacological effect.  

 

A potentially alarming example of adulteration is the presence of Cannabaceae family DNA in 

CAM104, which should only contain celery seed (a member of the Apiaceae, subfamily 

Apioideae, Figure 3.2). The exact species was not identified, but few of the Cannabaceae family 

have medicinal uses. The two most prominent genera used for medicinal purposes in the 

Cannabaceae family are Cannabis and Humulus. Cannabis species with psychoactive 

properties have been used historically for medicinal purposes although they now illegal to use 

in most jurisdictions. A second plausible candidate is Humulus lupulus (hops) which is 
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commonly used in herbal medicine sleep preparations (41), but not for arthritis, the indication 

for CAM104 . 

 

 

While CAM16 did contain the listed active ingredient Curcuma longa (turmeric), it also 

contained Stanleya tomentosa (woolly prince’s plume) which is listed on the United Stated 

Food and Drug Administration (FDA) poisonous plant database due to its hyperaccumulation 

of selenium (42).  

 

3.5.2.2. Animal matter detected in herbal medicine samples 

Nine herbal medicine samples had animal DNA detected, however seven of those samples 

were contaminated with exclusively human DNA, likely from poor manufacturing practice. 

CAM70 contained DNA from shark (declared as an ingredient), human, duck and Indian 

peafowl, while CAM65 contained human and pig/boar DNA, which again suggests 

substandard processing or improper storage. 

 

3.5.2.3. Endangered plant and animal matter in herbal medicine samples 

No samples contained flora or fauna species classified as endangered by the Convention on 

the International Trade in Endangered Species of flora and fauna (CITES). While CAM70 

contained genus Carcharhinus (requiem shark) DNA, the exact species was not identified. 

CITES identifies two species from genus Carcharhinus (C. longimanus and C. falciformis) in 

Appendix II, meaning they are “not necessarily now threatened with extinction but that may 

become so unless trade is closely controlled” (43). CAM70 was also contaminated with plant 

DNA (Glycine, likely a filler, and Trifolium andricum) and other animal DNA (Homo 

sapiens, Anatidae (duck/geese/swan), Phasianinae (pheasant)). 
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3.5.3. Country of manufacture and origin of herbal medicine ingredients 

Of the 26 contaminated samples, 19 (73%) were manufactured in Australia, and 7 (27%) were 

imported from other countries (6 from China, 1 from New Zealand). Australian legislation 

stipulates that preparations listed on the Australian Register of Therapeutic Goods 

manufactured overseas must still adhere to the requirements of Australian Good 

Manufacturing Practice (GMP), such as annual Product Quality Reviews. It is apparent that 

this approach is not completely effective, and the meticulousness of reviews, or the type of 

assays used for assessment, require re-evaluation (44).  

 

Another consideration could be disclosure of the country of origin of herbal ingredients. 

Australia enjoys a generally good reputation for food and medicine safety standards (that 

reputation is used in advertising on some herbal medicine preparations tested in this study), 

yet there was a high level of contamination in Australian herbal medicine preparations. When 

it comes to producing a high-quality herbal medicine preparation, adherence to GMP is futile 

if the ingredients used are grown in regions contaminated with toxins such as heavy metals or 

known for substandard agricultural practices (45). Declaring the place of origin of imported 

ingredients should be considered for visibility and accountability. Providing substandard or 

incorrect ingredients for manufacture is a possible cause for contaminated herbal products, 

making it difficult to determine where responsibility for safety testing lies in the production 

chain.  

 

3.5.4. Results in an international context 

Herbal medicine use is very common throughout the world. Its use is influenced by cultural 

practices and traditions, the availability of conventional medicines, and health policies and 

systems in both developed and developing countries (46). The international trade in herbal 

medicinal products has resulted in increased concern relating to the safety and efficacy of these 
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products (16).  It is widely hypothesised (and supported) that there is extensive adulteration of 

herbal medicines due to an increase in the demand for these herbal products coupled with a lack 

of global standard protocols or practices in the manufacture of herbal products (15, 17).  

 

The adulteration of herbal medicines in developing countries is estimated to be anywhere from 

10 – 80% (47). A 2019 study by Ichim (15) analysed the results reported for 5,957 commercially 

available herbal products sold in 37 countries, and found that that 27% of all successfully 

analysed commercial herbal products are not authentic when their content was tested with 

DNA-based analytical methods against their labelled, claimed, and expected composition (15). 

 

Results of the present study are at levels above the global trend and demonstrates widespread 

adulteration and contamination of analgesic and anti-inflammatory herbal preparations and 

nutritional supplements in Australia.  

 

3.5.5. Limitations of the present study 

The majority of herbal medicine samples (n=27, 55%, Table 3.3) did not have detectable 

DNA present. This was an expected limitation in many cases (especially for krill and fish oils 

(n=11)), given that the raw product is processed and therefore DNA may degrade during this 

manufacturing process, and 8 products being extracts (9). For example, CAM127 is labeled as 

propolis extract in both the TGA listing and the product label, so it is unlikely that any DNA 

would be present. It did, however, contain trace levels of theobromine, which is not permitted 

in herbal medicine products. It is a stimulant used in adulterated weight loss products (27)) 

and may have come from added colourings and flavourings. 

 The study has some limitations imposed by the DNA metabarcoding method. The major 

limitation of this technique relates to the quality of DNA in the herbal preparations. DNA 
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degradation may occur during the manufacturing process due to heat treatment, irradiation, 

distillation, filtration, or UV light exposure. This can cause complete removal of DNA or 

degradation of DNA into smaller fragments in samples such as extracts (48-49). This has been 

mitigated by the use of rbcL coupled with trnL as these amplicons are shorter and are more 

appropriate for degraded and highly processed samples.   

 

3.6. Conclusion 

Recent reports have shown contamination, adulteration and ingredient substitution in herbal 

medicines in Australia (6-7), and internationally (15-17) have increased. The present study 

supports these findings, with overall contamination of 53% of herbal medicine samples. The 

herbal medicines examined in this study, which include preparations from reputable brands 

available to Australian consumers, are of poor quality.  

 

Developing a considered and co-ordinated response to herbal medicine use requires a clear 

understanding of the nature of herbal medicine use and its consumers.  Given the growing 

prevalence of CAM use in Australia (5), there is a need for policy makers and practitioners to 

respond meaningfully to this component of the Australian healthcare system (17). The 

pharmacovigilance of herbal products differs from conventional medicines, and as such, 

requires a different approach to meet the unique challenges of contamination, adulteration, 

substitution, and standardisation as well as species identification and nomenclature (50-51).  

 

Our study demonstrates that DNA metabarcoding and small molecule analysis provide more 

stringent pharmacovigilance of herbal medicine products than the TGA’s current approach. 

However, standardisation of protocols and practices are necessary before DNA metabarcoding 
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can be implemented as a routine analytical approach and approved by competent authorities 

for use in a regulatory framework. Seethapathy et al. (2019) note that The British 

Pharmacopeia is one the first to publish a specific methods section on DNA barcoding 

techniques for herbal drugs. This sets a precedent for quality standards for medicinal 

substances and forms the basis of a framework for regulation of herbal medicines (37).  

 

Given the demand for herbal medicine in the Australian market and abroad, and over-the-

counter access to such preparations, the purity and safety of herbal medicine products is 

paramount. There is a duty of care to Australian consumers, especially those who are 

particularly vulnerable due to pain and inflammatory morbidities and therefore likely taking 

prescription medications which may interact with herbal medicines, to ensure that herbal 

medicines are safe and free from harmful toxins. In doing so, this may have a positive effect 

in preventing adverse drug reactions to herbal medicines, which have been shown to be as 

severe (or even fatal) as prescribed synthetic medications, particularly when taken 

concomitantly (52).  

Our study proposes the use of small molecule analysis and DNA metabarcoding of herbal 

medicines and nutritional supplements in Australia. In conjunction, this approach must be 

supported by adequate regulatory requirements to ensure the quality of herbal medicines and 

improve industry credibility. 
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3.8. Supplementary Information 

 

Supplementary Table S3.1.: Categories of adulteration and contamination of analgesic and anti-inflammatory herbal medicine samples. 
  

AustL listeda Complementary and Alternative Medicine (CAM) sample number 

 Non-listed Complementary and 

Alternative Medicine (CAM) sample 

number 

  16 36 37 50 51 56 65 67 70 75 76 83 94 102 104 110 120 127 128 132  166 167 171 176 177 178 

Additional plant DNA ✓ ✓ ✓ ✓ ✓ 
 

✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 
   

   ✓ ✓ ✓ ✓ ✓ ✓ 

Contains animal DNA   
  

✓ 
  

✓ 
 

✓ 
   

✓ ✓ 
  

✓ 
  

✓  
 

✓ ✓ 
  

  

Contains fillers   
      

✓ ✓ 
   

✓ ✓ 
 

✓ 
   

   
  

✓ 
 

✓   

Contains undeclared 

pharmaceuticals  

     
✓ 

     
✓ 

   
✓ 

 
✓ ✓ ✓  

     
  

 
aHerbal medicines sold in Australia are required to be listed on the Therapeutic Goods Administration’s (TGA) Australian Register of 

Therapeutic Goods (ARTG) and are assigned a unique AUST L number  
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4.1. Abstract 

The aim of this research was to determine whether pharmaceutical adulterants and/or 

pesticides/herbicides were present in Vietnamese traditional herbal medicines. Toxicological 

analyses were conducted on nine preparations using gas-chromatography/electron-capture- 

detector (GC/ECD), liquid-chromatography/quadrupole-time-of- flight mass-spectrometer 

(LC-QTOF MS), liquid-chromatography/ diode array detector (LC/UV) and gas-

chromatography/nitrogen- phosphorous-detector/mass-spectrometer (GC-NPD/MS). 

Qualitative toxicological analysis revealed that none of the samples contained a target 

contaminant compound (i.e. synthetic pharmaceuticals, herbicides or pesticides). Specifically 

there was no evidence of common prescription or non-prescription pharmaceutical drugs, 

herbicides/defoliants such as Agent Orange, 2,4 dichlorophenoxy acetic acid (2,4-D) and 2,4,5-

trichlorophenoxyacetic acid (2,4,5- T), or pesticides such as dichlorodiphenyltrichloroethane 

(DDT). Although the sample size was small, this study has demonstrated that 

adulteration/augmentation is not a universal practice in prepared traditional herbal materials 

and that herbicide/defoliant residues may not be detected in a large number of herbal ingredients 

despite previous heavy environmental contamination.  
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4.2. Introduction 

Herbal medicines are being increasingly used in Western countries, with an estimated budget 

in Europe of £300 million.[1] In countries such as China and Vietnam, thousands of herbal 

remedies have been used for many centuries to treat a wide range of disorders. Traditional 

Indian medical systems such as Ayurveda and Unani also use herbal products extensively. 

Problems have, however, been identified with the composition of certain herbal remedies in 

terms of the identity of the plant species used and the presence of adulterants and 

contaminants.[2-4] For example, an analysis of 251 Asian herbal products in California, USA, 

detected arsenic in 36 preparations, mercury in 35, and lead in 24.[5]  

Organic toxins from plants, such as aconite root, or parts of animals, such as the skin glands of 

Chinese toads (Bufo melanostictus Schneider or Bufo bufo gargarzinus Gantor) may also be 

present.[6-9] Another disturbing feature is the occasional detection of endangered species such 

as Panthera (snow leopard) which was recently identified in a preparation sourced at a market 

in Adelaide, South Australia.[4] Herbal medicines may also be adulterated with standard 

prescription drugs to increase their efficacy. In a study from Taiwan, standard  

drugs were found in 24% of preparations, despite this being illegal in that country.[10] 

Inadvertent contamination may also occur with herbicides or pesticides such as 

dichlorodiphenyltrichloroethane (DDT).[11]  

The significance of adulterated or contaminated traditional medicines to forensic pathologists 

is that unexpected death may occur, or occult substances may exacerbate pre-existing 

disease.[9-13] Techniques for detecting contaminants are becoming increasingly sophisticated 

and this is an area where forensic scientists may be involved, to help determine the source and 

content of illegal preparations.[14] The following study was therefore undertaken to deter- mine 

whether pharmaceutical adulterants and/or pesticides were present in a selection of  

Vietnamese traditional herbal medicines.  
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4.3. Materials and methods 

Nine processed herbal preparations in capsule form were randomly selected and purchased from 

a traditional herbal retailer in Ho Chi Minh City, Vietnam, in December 2014. The samples 

were arbitrarily numbered from 1 to 9 and their indications for use and ingredients were 

summarized (Table 4.1.). (It is recognized that the labels of herbal medicines may not always  

accurately reflect either the content or dosage of the contained preparation.[15])  

 

4.3.1. Extraction 

4.3.1.1. Ethanol extraction 

Samples were crushed to a powdery consistency using a mortar and pestle, and 50 mg of sample 

was weighed into test tubes. A 25 μL sample of internal standard mix (Table 4.2.) and  

1 mL of Univar Absolute Ethanol (analytical reagent grade) were added to the test tubes, which 

were then sonicated for 15 min, and centrifuged for 10 min at 3000 rpm. The supernatant was 

transferred into clean glass disposable tubes and evaporated to dryness using a centrifugal 

evaporator. The extract was reconstituted with 100 μL of Univar Absolute Ethanol (analytical 

reagent grade) and transferred to 2 mL autosampler vials containing a tapered insert.  

 

4.3.1.2. Basic Extraction 

Samples were crushed to a powdery consistency using a mortar and pestle, and 50 mg of sample 

was weighed into test tubes. A 25 μL sample of internal standard mix (Table 4.2.), 1 mL of 

glass distilled water and 250 μL of Chem Supply 30% concentrated ammonia (analytical  

reagent grade) were added. The test tubes were vortexed for 5–10 s. Five millilitres of 

Honeywell B&J Brand High Purity Solvent butyl chloride (BuCl) were added to the test tubes, 

which were then extracted using mechanical rolling for 15 min. Samples were then centrifuged 

for 10 min at 3000 rpm. The BuCl layer was transferred into clean glass disposable tubes, and 

evaporated to dryness using a centrifugal evaporator. The extracts were reconstituted with 100 
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μL of Univar Absolute Ethanol (analytical reagent grade) and transferred to 2 mL autosampler 

vials containing a tapered insert according to standard methodology.[16]  

 

4.3.2. Instrumentation 

Sample extracts were analysed on several different systems including liquid-

chromatography/quadrupole-time-of-flight mass-spectrometer (LC-QTOF), liquid-

chromatography/diode array detector (LC/UV), gas-chromatography/electron-capture-detector 

(GC/ECD) and gas-chromatography/nitrogen-phosphorous-detector/mass-spectrometer (GC-

NPD/MS) to cover as many different analytes as possible.  

LC-QTOF analysis were conducted using an Agilent 1200 LC 6510-QTOF system. The mass 

spectrometer was equipped with a dual ESI source and was operated in data dependent 

acquisition mode. This enabled acquisition of both full scan and MSMS spectra of potential 

compounds of interest. The LC column was  a Waters Acquity BEH C18, 1.7µm, 3.0 mm x 50 

mm (Waters part No. 186004660) column, with guard (Phenomenex 3mm C18, part No. AJO-

4287) (LC-QTOF), and an acetonitrile/0.1% formic acid gradient over 12 min at 0.35mL/min 

was used. The LC-QTOF data was processed using libraries developed in-house (350 

pharmaceuticals and drugs of abuse, retention time and MSMS search) and the commercially 

available  Agilent Forensic  Toxicology PCDL Library (ForTox_AM_PCDL – Broecker, Herre, 

and Pragst). This library contains accurate mass MS/MS spectra of 3490 pharmaceuticals, drugs 

of abuse and pesticides and herbicides including, organophorphorous pesticides and  

herbicides/defoliants such as, 2,4 dichlorophenoxy acetic acid (2,4-D) and 2,4,5-

trichlorophenoxyacetic acid (2,4,5-T) (constituents of Agent Orange).  

Analysis was repeated on an Agilent 1100 series High Performance Liquid Chromatography 

(HPLC) system with a diode array detector fitted with an Agilent Eclipse plus C18, 1.8µm, 4.6 

mm x 50mm column with C18 guard cartridge, 4.0 mm x 3.0 mm (LC-UV) on a phosphate 
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buffer/methanol gradient over 19 min. This data was processed using libraries developed in-

house including a range of compounds including anti-convulsant, anti-inflammatory and 

analgesics drugs. 

 Sample extracts underwent further analysis on an Agilent 6890 Gas chromatograph with dual 

electron capture detector (GC/ECD) fitted with dual capillary columns, and an Agilent 7890 

Gas Chromatograph with a nitrogen-phosphorous detector and mass spectrometer (GC-

NPD/MS). The GC/ECD was employed specifically to screen for organochlorine compounds 

such as dichlorodiphenyltrichloroethane (DDT).   The GC-NPD/MS data was processed as a 

general compound screen using libraries developed in-house and the NIST/EPA/NIH Mass 

Spectral Library (NIST 2008), containing over 200000 compound spectra. 

Prior to each analysis system suitability standards were analysed to ensure adequate sensitivity 

and verify the validity of the compound libraries that were utilised. Compound sensitivity in 

each sample was assessed by monitoring a range of structurally and chemically diverse internal 

standards (see Table 4.2.). Instrument sensitivity for the general screen on the GC-NPD/MS 

was assessed by analysis of a standard equivalent to 2.5 µg/g of prazepam and 3.3µg/g of 1-

bis(4fluorophenyl)-methylpiperazine (BFPMP). The LC-QTOF methodology used for the 

herbal medicine samples was based on a validated screening method developed for the analysis 

of blood. The equivalent detection limits ranged from 0.01 µg/g to 0.5 µg/g for the compounds 

present in the LC-QTOF in-house libraries. The equivalent limits of detection for the 

organochlorines by GC/ECD analysis ranged from 2 ng/g to 4 ng/g. These limits of detection 

were more than adequate for detecting compounds at therapeutically relevant levels in herbal 

material. 

 

4.4. Results 

Each of the nine herbal medicine samples was screened using four instruments (GC/ECD, LC-

QTOF, LC/UV and GC-NPD/MS) to ensure a comprehensive analysis. Qualitative 
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toxicological analysis returned results for both basic and ethanol extractions, and showed that 

not one of the nine samples contained a target contaminant compound (i.e. synthetic 

pharmaceuticals, herbicides or pesticides). 
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Table 4.1: Indications for use and ingredients listed on the labels of nine traditional 

Vietnamese herbal medicines.  

 

Sample 
Number 

Indications (sic) Ingredients 

1 Gastric and duodenal ulcer, Chronic gastritis; 

heartburn 

Rhizoma coptidisi, Radix saussurea lappae , 
Fructus eurodiae rutaecarpae 

2 Sexual weakness (erectile dysfunction), Asthenia, 

stress, recover period of diseases, Impairment of 

kidney yang with the symptoms such as back pain, 

tiredness of knees, cold feeling at limbs, nocturnal 

urination, decrease of libido. 

Hippocampus sp., Cornu Cervi Pa ntotrichum, 
Radix ginseng, Cortex cinnamomi 

3 Weak yang Kidney, back pain, edema, half of the 

people often cold, night urination 

Radix rehmanniae preparata, Radix 
Dioscoreae, Fructus corni, Cortex Moutan, 
Rhizoma Alismatis, Poria cocos, Radix aconti 
lateralis preparata, Cortex cinnamomi       

4 Good for coronary insufficiency, Helping prevent 

myocardial infarction on people with coronary 

insufficiency, Help regulate heart rhythm  

Radix salviae miltorrhizae, Radix 
Notoginseng, Borneolum syntheticum 

5 Back pain, tiredness of knees, deficiency of kidney 

yang,  

Radix rehmanniae glutinosa preparata, Radix 
Dioscoreae persimillis, Fructus corni, 
Rhizoma Alismatis, Poria, Cortex paeoniae 
suffruticosae, Radix dioscoreae persimilis, 
Fructus corni, Cortex paeoniae suffruticosae 

6 Fortify the kidney yang, edema, fibroma prostate 

gland, back pain, diabetes 

Radix rehmanniae glutinosa preparata, Poria, 
Tuber dioscoreae persimilis, Fructus corni 
officinalis, Rhizoma Alismatis, Semen 
plantaginis, Radix achyranthis bidentatae, 
Cortex paeoniae suffructicosae, Cortex 
cinnamomi, Radix aconti lateralis preparata 

7 Rhinitis acute and chronic sinusitis, Loss of smell 

and stinging pain at the forehead, allergic rhinitis 

Radix angelicae dahuricae, Flos magnoliae, 
Fructus xanthii strumarii, Oleum menthae  

8 Acute and chronic arthritis, Wind-wetness 

syndrome causing aching, tiredness of limbs, back 

pain  

Herba siegesbeckiae, Radix fallopiae 
multiflorae, Fructus xanthii strumarii, 
Rhizoma smilacis glabrae, Radix stephaniae 
tetrandrae, Rhizoma homalomenae, Lignum 
dracaenae cambodianae 

9 Body aching, arthritis, deficiency of kidney yang 

with the symptoms such as back pain, weakness of 

knees; promoting digestion, general asthenic 

symptoms such as sleep, palpitation, short breath. 

Radix ginseng, Cornu cervi pantotrichum, 
Radis angelicae sinensis, Cortex Eucommiae, 
Radix rehmanniae glutinosa preparata, Poria, 
Radix achyranthis bidentatae, Radix fallopiae 
multiflorae, Radix morindae officinalis, Herba 
cistanches, Fructus Corni, Rhizoma 
Atractylodis macrocephalae, Fructus rosae 
laevigatae, Cortex cinnamomi, Radix 
Glycyrrhizae     
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Table 4.2: Internal standards used for GC/ECD, LC-QTOF, LC/UV and GC-NPD/MS 

analysis.  

Compound Concentration (µg/g) Instrument 
D8 Olanzapine 1.25  LC/Q-TOF/MS 

D3 Oxycodone 0.50 LC/Q-TOF/MS 

D5 Alprazolam 0.50 LC/Q-TOF/MS 

BFPMP 3.33 GC-NPD/MS, LC/Q-TOF/MS 

D8 Quetiapine 1.25 LC/Q-TOF/MS 

D5 Amphetamine 1.25 LC/Q-TOF/MS 

D7 7aminoflunitrazepam 0.63 LC/Q-TOF/MS 

D5 Diazapam 1.50 LC/Q-TOF/MS 

D5 Oxazepam 1.75 LC/Q-TOF/MS 

D5 Methamphetamine 1.00 LC/Q-TOF/MS 

D3 Atropine 1.00 LC/Q-TOF/MS 

13C6 Amlodipine 0.97 LC/Q-TOF/MS 

D6-ODM tramadol 2.00 LC/Q-TOF/MS 

Prazepam 2.50 GC/ECD, LCUV, LC/Q-

TOF/MS, GC-NPD/MS 

 

4.5. Discussion 

Vietnamese traditional medicine plays an important role in the healthcare system of the region, 

and has done so for thousands of years.[17] Vietnamese traditional medical practice was 

influenced by Chinese medicine during the period of the Chinese occupation of Vietnam (2nd 

century BC - 10th century AD). However, the influence was mutual since the rich biodiversity 

of Vietnam saw a number of raw materials in Vietnamese medicinal plants such as Aquillaria 

species, Areca catechu, Caesalpinia sappan, Cinnamomum cassia, Coix lachryma-jobi, 

Quisqualis indica, Piper betle, Pueraria thomsonii and Zingiber officinale introduced into 

China.[17] Traditional medicine is becoming increasingly popular and is considered crucial to 

healthcare, particularly to people living in rural areas who have limited access to, or who cannot 

afford, Western medicines.[18] This dependence on herbal medicines reflects global trends, and 

underlines the importance of maintaining high quality products.[2] 

Recent studies have shown that herbal medicines may be subject to contamination and 

adulteration, and that this may still occur in countries with strict regulation of complementary 
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therapies.[4, 19, 20] An investigation using liquid chromatography/mass spectrometry revealed 

that some medicines marketed as having a Vietnamese origin have been counterfeited or 

manufactured illegally.[21] 

An additional issue concerns residual toxicity from chemicals, such as Agent Orange, which 

were widely used by invading forces during the time of the Vietnam War (1962 – 1971). 

Approximately 72 million litres of herbicidal agents/defoliants that were sprayed on forests and 

farm areas included Agent Orange and a mixture of 2,4 dichlorophenoxy acetic acid (2,4-D) 

and 2,4,5-trichlorophenoxyacetic acid (2,4,5-T ).[22-25] Although the World Health 

Organization guidelines for assessing the quality of herbal medicines notes that herbs and herbal 

materials may contain potentially hazardous contaminants and residues, this was not found in 

the materials analysed in the current study.[26] 

A shortcoming of the current study is the small number of preparations that were analysed, 

although each contained a number of different plant components. However, a strength is the 

depth of analysis that was undertaken with comparison of the results against a very large 

databank of standards.  

 

4.6. Conclusion 

In the herbal preparations examined there was no evidence of augmentation with Western 

pharmaceuticals. While it is possible that the level of some pesticides/herbicides may be 

lowered by post-harvest processing (e.g. drying), no such pesticides/herbicides were detected. 

Thus, adulteration/augmentation is not a universal practice in prepared traditional herbal 

materials, and herbicide/defoliant residues may not be detectable despite previous heavy 

environmental contamination. 
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5.1. Abstract  

 

Recent reports indicate that herbal medicines consumed in Australia can have as severe 

spontaneous adverse drug reactions (ARDs) as their synthetic counterparts. However, the extent 

of ADRs to herbal medicines remains unknown. Studies have used spontaneous ADR reports 

as a measure of the potential problems that may be associated with herbal medicines, and as a 

way to monitor their use. This study examines spontaneously reported ADR cases for Echinacea 

(Echinacea purpurea), Valerian (Valeriana officinalis), Black Cohosh (Actaea racemosa) and 

Ginkgo (Ginkgo biloba) in Australia as reported to the Therapeutic Goods Administration 

(TGA). Spontaneous ADR reports sent to the TGA between 2000-2015 for Echinacea (n=39), 

Valerian (n=36), Black Cohosh (n=33) and Ginkgo (n=54) were obtained and analysed. 

Demographic information, types of ADR, type of interaction, severity of the ADR, and the body 

systems affected were recorded for individual cases. The majority of spontaneously reported 

ADRs for Echinacea, Valerian, Black Cohosh and Ginkgo affected females (62.8%, 75.0%, 

100.0% and 74.1% respectively). Excluding Echinacea (females 21-50 yrs), most ADRs 

occurring in females aged 51-75 yrs. Most ADRs were mild or moderate, however every herbal 

medicine was associated with life-threatening ADRs. In each life-threatening case, the herbal 

medicine was taken concomitantly with prescription medications. Black Cohosh was associated 

with a significant number of severe ADRs (33.3%), with 36.7% of these ADRs being associated 

with abnormal hepatic function, hepatitis or hepatotoxicity. This study highlights the lack of 

public awareness with regard to herb-drug interactions, since most of the severe ADRs involved 

an herb-drug interaction. 
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5.2. Introduction 

The extent of adverse drug reactions (ADRs) to herbal medicines in Australia is largely 

unknown. Recent studies have shown that ADRs to herbal medicines are as serious as ADRs to 

a prescription drug having the same mechanism of action (Hoban et. al., 2015). This finding is 

supported by case studies of fatalities in response to exclusive administration of traditional 

Chinese herbs and herbal medicines (Gilbert et. al., 2014). Despite this information, the use of 

complementary and alternative medicines (CAMs), including herbal medicines, in Australia is 

increasing (Coghlan et. al., 2015, MacLennan et. al., 2002). This may be partially due to the 

belief that natural products are safer than conventional medicines (Hoban et. al., 2015, Frawley 

et. al., 2015).  

Previous studies have used spontaneous ADR reports as a measure of the potential problem that 

herbal medicines may pose, and as a way to monitor the use of complementary and alternative 

medicines, particularly herbal medicine preparations (Patel et. al., 2012). Over the counter 

(OTC) access to herbal medicines makes determining the extent of herbal medicine use difficult 

and also impedes the collection of ADR data, since not all consumers are being monitored by a 

healthcare professional. The Therapeutic Goods Administration (TGA) of Australia collects 

“Blue Card” reports submitted by health care professionals which describe ADRs experienced 

by their patients. Collation and analysis of these reports provide an estimation of herbal 

medicine use and ADRs in the Australian population. 

This study examines spontaneously reported ADR cases for some popular herbal medicines 

(Echinacea, Valerian, Black Cohosh and Ginkgo) in Australia as reported to the TGA between 

2000 – 2015. The herbal medicines selected for this study are commonly consumed, and have 

been used and studied for many years. Echinacea has been used traditionally in North America 

for the treatment of various types of infections and wounds, and has been attributed with several 

pharmacological effects such as influencing pro-inflammatory enzymes and improving 
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protection against systemic, infectious diseases such as rhinovirus (Hudson, 2012). Valerian 

has been used to improve sleep since it contains valerenic acid, which has been shown to inhibit 

enzyme-induced breakdown of GABA in the brain resulting in sedation (Houghton PJ, 1999). 

Black Cohosh has been used to treat menopausal symptoms such as hot flashes, although the 

mechanism of action is not fully appreciated, studies imply an estrogenic mechanism, (with 

most consistent evidence for reduction in bone loss) serotonergic activity and augment 

inflammatory pathways (Ruhlen RL, 2008). Ginkgo is used to improve memory and circulation 

as it contains flavonoids, bioflavonoids, proanthocyanidins, and trilactonic diterpenes 

(ginkgolide A, B, C) (Mohanta TK, 2014). While the therapeutic efficacy of these herbal 

medicines is unclear, this study focuses on the safety of these herbal medicines by using 

spontaneously reported ADRs to evaluate the effect of their use in terms of severity of ADR, 

body system affected and type (direct, pharmacokinectic or pharmacodynamic) of ADRs. 

 

5.3. Methods 

5.3.1. Data source 

ADRs to Echinacea, Valerian, Black Cohosh and Ginkgo were spontaneously reported by 

patients to their General Practitioners between 2000 – 2015. These ADRs were recorded using 

the Blue Card reporting system and were submitted to the TGA. The Blue Card contained fields 

such as patient details, suspected medicines, other medicine, reported reactions, seriousness and 

outcome. Cases were de-identified by the TGA to protect patient privacy, and assessed by the 

TGA’s Office of Product Review before the case line listing reports were supplied to 

researchers. As the TGA is a member of the WHO International Drug Monitoring Program, 

reports are also sent to the Uppsala Monitoring Centre in Sweden which administers the WHO 

Collaborating Centre for International Drug Monitoring and forms the World Bank of Adverse 

Drug Reactions (Hoban et. al., 2015). 
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5.3.2. Data Collation and Analyses 

The adverse event case line listing data for Echinacea, Valerian, Black Cohosh and Ginkgo 

from 2000- 2015 were requested from the TGA. Data were collated and analysed using 

Microsoft® Excel software. Fields extracted from the case line listings were case number, year 

of report, sex, age, medicines, reaction and outcome. Classification and analyses included 

administration as a monotherapy (exclusive) or co-therapy (combined), demographic 

information (age and sex), ADR mechanism (direct, pharmacodynamics, pharmacokinetic, 

unclassifiable), severity (mild, moderate, severe, life-threatening and fatal, based on a modified 

Hartwig scale (Table 5.2.) (Hartwig SC, 1992), and body system affected (based on the WHO 

Anatomical-Therapeutic-Classification system). Data was graphed using GraphPad Prism 

software (Hoban et. al., 2015). 

 

5.3.3. Statistics 

Small numbers in some groups and groups with zero responses restricted statistical analysis 

beyond the use of the Chi squared test of the severity of ADRs, which showed statistical 

significance between the different herbals in their patterns of severity with a P value <0.0001 

(Chi squared = 53, Degrees of Freedom = 9). Statistics were calculated using GraphPad Prsim 

6.01 (GraphPad Software Inc., San Diego, California, USA ).  

 

5.4. Results 

5.4.1. Echinacea 

The ADR profile of Echinacea (n=43) shows that females aged 26 – 50 years (23.3%) form the 

majority of spontaneous ADR reports (Figure 5.1(a)). Comparison between age categories 

shows a similar ratio of female and male ADRs, which is consistent with median ages of 39.5 

years and 35.9 years respectively (Table 5.1). While most ADRs were mild (n=24, 55.8%), 

three cases were classed as life-threatening (7.0%) (Figure 5.2). In each of the life-threatening 
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cases, Echinacea was taken in combination with other medication(s). Most ADRs (n=23, 

53.5%) occurred as a direct result of Echinacea administration (Figure 5.3). The main body 

system affected was the skin, which is explained by a direct idiosyncratic immune response 

presenting as a rash (Figure 5.4). 

 

5.4.2. Valerian 

The ADR profile of Valerian (n=36) shows that females aged 51-75 years (36.8%) represented 

the majority of spontaneously reported ADRs (Figure 5.1(b)). The majority of ADRs were of 

moderate severity (n=18, 54.5%) (Figure 5.2). The mechanism of ADR in most cases was a 

direct effect (n=19, 57.6%) (Figure 5.3). The body system affected was the nervous system, 

which is consistent with its use for neuropsychological disorders such as anxiety (n = 16, 

48.5%) (Figure 5.4). 

 

5.4.3. Black Cohosh 

The ADR profile of Black Cohosh (n=33) shows that females aged 51 – 75 years (57.6%) 

represented the majority of spontaneous ADR reports. There were no ADRs reported by males 

since Black Cohosh is targeted at menopausal women (Figure 5.1(c)). Most ADRs were 

classified as moderate (n=13, 40.6%). However, 31.3% of cases were classified as severe (n = 

10) (Figure 5.2). The majority of ADRs were a result of a direct effect (n=18, 56.3%) (Figure 

5.3). Systems affected included the alimentary tract and metabolic functions, producing upper 

abdominal pain and abnormal hepatic function (n=17, 53.1%) (Figure 5.4). 

 

5.4.4. Ginkgo 

The ADR profile of Ginkgo (n=54) shows that females aged 51-75 years were most affected 

(40.7%) (Figure 5.1(d)). The mean age was almost identical between females (59.9 years) and 

males (59.8 years) (Table 5.1). The majority of cases were classed as mild (n=26, 48.2%) 
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(Figure 5.2). Most cases were a result of a pharmacodynamic reaction (n=35, 64.8%) (Figure 

5.3). Since Ginkgo targets memory improvement, it was not surprising that the nervous system 

was most often affected (n=24, 44.4%) (Figure 5.4). 

 

 

Table 5.1: Mean, median and range of ages (in years) within sex categories for Adverse Drug 

Reaction cases to Echinacea, Valerian, Black Cohosh and Ginkgo in Australia between 2000 - 

2015 

 Echinacea Valerian Black Cohosh Ginkgo 

 Female Male Female Male Female Male Female Male 

N Value 26 10 20 7 32 0 33 12 

Mean age 39.5 ±3.9 35.9 ±6.0 49.4 ±2.9 39.1 ±6.7 51.9 ±1.4 0 59.9 ±2.7 59.8 ±4.4 

Median age 42 32.5 51.5 42 52.5 0 62 58.5 

Age range 1 - 77 7 - 71 17 - 68 10 - 44 30 - 75 0 17 - 88 25 - 81 
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Table 5.2: Modified Hartwig scale of severity  

Severity Description 

Mild Mild degree of discomfort and incapacity but not interfere with normal activity 

(e.g. nausea, hay fever, mild headache, ear pain or fatigue). 

Moderate Incapacitating and interfering with normal activity, but not considering life-

threatening or life-shortening (e.g. diarrhoea, chest pain or severe headache). 

Severe A disease or a condition which is serious enough to shorten life-expectancies, 

but not life threatening (e.g. hypertension). 

Life-threatening A disease or a condition which is life threatening and also causes medical 

emergency (e.g. acute lymphatic leukaemia or severe cardiac arrhythmia). 

Fatal Causes termination of life (e.g. suicide). 

 

Note: No outcome stated (NOS) was assigned to cases where the patient outcome was not 

listed. 
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Figure 5.1: Percentage of spontaneously reported adverse drug reactions (ADRs) to 

Echinacea, Valerian, Black Cohosh and Ginkgo in Australia as reported to the TGA 2000–

2015 by age and sex categories. (a) Spontaneously reported ADR cases to Echinacea in 

Australia 2000–2015 categorized according to age and sex. (b) Spontaneously reported ADR 

cases to Valerian in Australia 2000–2015 categorized according to age and sex. (b) 

Spontaneously reported ADR cases to Black Cohosh in Australia 2000–2015 categorized 

according to age and sex. (d) Spontaneously reported ADR cases to Ginkgo in Australia 

2000–2015 categorized according to age and sex. 
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Figure 5.2: Severity of spontaneously reported adverse drug reactions (ADRs) to Echinacea, 

Valerian, Black Cohosh and Ginkgo in Australia as reported to the TGA 2000–2015. 

Spontaneously reported ADRs to Echinacea, Valerian, Black Cohosh and Ginkgo were 

categorized according to a modified version of the Hartwig scale. The Chi squared test 

showed statistical significance between the different herbals in their patterns of severity with a 

P value <0.0001 (Chi squared = 53, Degrees of Freedom = 9). NOS, no outcome stated. 
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Figure 5.3: Underlying mechanism of spontaneously reported adverse drug reactions (ADRs) 

to Echinacea, Valerian, Black Cohosh and Ginkgo in Australia 2000–2015. Mechanisms 

underlying ADRs were classified into four categories; direct (due to the pharmacological 

effect of the herbal alone), pharmacodynamic (pharmacodynamic interaction: the herbal 

interfering with mechanism of action of a secondary drug), pharmacokinetic (pharmacokinetic 

interaction: the herbal interfering with metabolism of a secondary drug), or other (interaction 

cannot be classified due to polypharmacy).  
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Figure 5.4: Body systems affected by spontaneously reported adverse drug reactions (ADRs) 

to Echinacea, Valerian, Black Cohosh and Ginkgo in Australia 2000–2015. Body systems 

were coded according the ATC system (A, alimentary tract and metabolism; B, blood and 

blood forming organs; C, cardiovascular system; D, dermatological; G, genito-urinary system 

and sex hormones; H, systemic hormonal preparations, L, antineoplastic and 

immunomodulating agents; M, musculo-skeletal system; N, nervous system; R, respiratory 

system; S, sensory organs). 
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5.5. Discussion 

This study has shown that females have a higher percentage of spontaneously reported ADRs 

than males. This outcome was not unexpected given that more females use complementary and 

alternative medicines (Bensoussan, 2004), and in the case of Black Cohosh, this herbal is 

targeted at menopausal women. Of the females reporting ADRs, the majority are aged 51-75 

years (figures 5.2. – 5.4). Again, this finding is expected as older Australian women tend to be 

bigger consumers of complementary and alternative medicines.  

Spontaneously reported ADRs were most commonly classified as mild or moderate, and 

included symptoms such as headache or nausea. This is supported by results of a 2004 survey 

of Australian complementary medicine practitioners, which reported that the most common 

adverse events encountered by practitioners are mild gastrointestinal symptoms, headaches, 

menstrual irregularities, and significant skin reactions (Bensoussan, 2004). 

The most severe ADRs were reported with concomitant use of prescription medications, and in 

one case, with 16 other xenobiotics.  However, life threatening anaphylactic reactions were also 

recorded in response to exclusive Echinacea use. Studies have warned that atopic patients 

should be cautioned appropriately, given the potential severity of allergic/atopic ADRs to 

Echinacea (Mullins, 2008). However, as a result of the over-the-counter nature of herbal 

medicine, consumers have access to unsupervised herbal medicine use, and may not know that 

they are possibly predisposed to an allergic/atopic reaction (Mullins, 2002), which reinforces 

the importance of clear and accurate labelling of herbal preparations.  

Alarmingly, 8 of 15 ADRs to exclusive black Cohosh use, and 6 of 16 ADRs to Black Cohosh 

use with a synthetic drug were associated with hepatotoxicity. This is consistent with case 

reports and a meta-analysis which found a causal association between Black Cohosh and liver 

damage (Mugeet Adnan, 2014).   
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These data support the need for more stringent regulation of herbal medicine products, and the 

education of herbal medicine consumers regarding herb-drug interactions and the potential for 

ADRs. Consumers often use herbal medicines in the belief that they have a positive impact on 

health (McFadden, 2010); however, the possibility of side effects must be considered. 

Logically, if a preparation can have positive medicinal effects there must also be the potential 

for adverse effects from the active ingredients. Additionally, health practitioner awareness 

about complementary and alternative medicine (CAM) is integral in preventing ADRs. A study 

conducted by Egan (2002) (Egan, 2002) found that “it is possible to occupy the middle ground, 

neither rejecting nor embracing CAM, but recognizing its significant impact on health care”. 

Safe use of herbal medicines relies heavily on correct information and product labelling. 

Increased monitoring of herbal medicine issues and use could see an improvement in outcomes 

for consumers (Licata, 2013). 
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6.1. Abstract 

Herbal medicines are perceived to be safe by the general public and medical practitioners, 

despite abundant evidence from clinical trials and case reports that show herbal preparations 

can have significant adverse effects. The overall impact of adverse events to herbal medicines 

in Australia is currently unknown. Post marketing surveillance of medications through 

spontaneous adverse drug reaction (ADR) reports to the Therapeutic Goods Administration 

(TGA) is one way to estimate this risk. The patterns of spontaneously reported ADRs provide 

insight to herbal dangers, especially when compared with patterns of a mechanistically similar 

conventional drug. The study compared the pattern of spontaneously reported ADRs to St. 

John’s Wort (Hypericum perforatum), a common herbal treatment for depression which 

contains selective serotonin reuptake inhibitors (SSRI), to fluoxetine, a commonly prescribed 

synthetic SSRI antidepressant. Spontaneous ADR reports sent to the TGA between 2000-2013 

for St. John’s Wort (n=84) and fluoxetine (n=447) were obtained and analysed. The 

demographic information, types of interaction, severity of the ADR, and the body systems 

affected (using the Anatomical Therapeutic Chemical classification system) were recorded for 

individual ADR cases. The majority of spontaneously reported ADRs for St. John’s Wort and 

fluoxetine were concerning females aged 26 – 50 years old (28.6%, 22.8%).  The organ systems 

affected by ADRs to St John’s Wort and fluoxetine have a similar profile, with the majority of 

cases affecting the central nervous system (45.2%, 61.7%). This result demonstrates that herbal 

preparations can result in ADRs similar to those of prescription medications.   
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6.2. Introduction  

Although herbal medicine use in Australia and other western countries has increased in recent 

years (Byard and Musgrave 2010), side effects and ADRs to these medications are poorly 

appreciated and are likely to be underreported.  Herbal medicines with similar mechanisms of 

action to conventional drugs may have similar adverse outcomes, and thus pose a risk to 

consumers (Neergheen-Bhujun 2013).   

St. John’s Wort is a popular herbal antidepressant. Its exact mechanism of action is not defined, 

however bioactive compounds in St. John’s Wort such as hyperforin, hypericin, 

pseudohypericin, and flavonoids are involved in inhibition of monoamine oxidase, binding to 

brain benzodiazepine receptors, and inhibition of serotonin reuptake(Butterweck and Schmidt 

2007). These processes are all likely to play a role in the antidepressant effect. St. John’s Wort 

has been shown to be more effective than a placebo in the treatment of mild to moderate 

depression (Hammerness, Basch et al. 2003). Whether it is as effective as SSRI’s is still unclear 

(Hammerness, Basch et al. 2003). Studies which directly compare the efficacy of St. John’s 

Wort and SSRIs (such as fluoxetine) for treatment of depressive disorders report conflicting 

results (Rahimi, Nikfar et al. 2009). Fava et. al. (6) found that St. John’s Wort was significantly 

more effective than fluoxetine in the treatment of outpatients suffering major depressive 

disorder, while a study of patients with moderate depressive disorder reported similarity 

between the efficacy of St. John’s Wort and the SSRI, Citalopram (Fava, Alpert et al. 2005, 

Gastpar, Singer et al. 2006). Contrastingly, Moreno et. al. reported St. John’s Wort to be less 

effective than fluoxetine for treatment of major depressive disorder (Moreno, Teng et al. 2006), 

while one study reported it to be less beneficial than a placebo for treatment of minor depression 

(Rapaport, Nierenberg et al. 2011). As the mechanism of action and indications are similar, it 

is expected that ADR data for an herbal SSRI and a synthetic SSRI will follow a similar pattern. 
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Along with reported therapeutic effects, there have been numerous well-documented cases 

where adverse effects from herbal preparations have occurred that have been due to dangerous 

ingredients that have either been added deliberately (e.g. heavy metals), inadvertently 

(pesticides) or accidentally (misidentification of herbs) (Byard 2010).  Other problems have 

arisen due to adulteration of herbal preparations with prescription medications (Ernst 2002, 

Lau, Holmes et al. 2003), or due to inappropriate use of these materials (Kostakis and Byard 

2009). Despite isolated case reports, the potential that herbal preparations may have to 

contribute to adverse clinical outcomes or even death has not been widely addressed.  Certainly, 

it is not usual in forensic practice to document herbal remedies that were being used by 

individuals presenting for medicolegal autopsies (Byard and Musgrave 2010).  This is in 

contrast to other cases where prescription medications were found at a death scene leading to a 

detailed inventory of drugs being compiled with full toxicological screening.  Given that certain 

drugs, such as fluoxetine, and herbal substances, such as St. John’s Wort, have similar 

mechanisms of pharmacological action (Schellander and Donnerer 2010) is it possible that they 

may also share similar adverse outcomes?  

While results from clinical trials suggest herbal medications do share similar adverse outcomes 

to mechanistically similar conventional medications (Rahimi, Nikfar et al. 2009), the actual 

extent of these ADRs in typical usage is unclear. Spontaneous ADR reporting is an efficient 

method for detecting drug safety (Inch, Watson et al. 2012, Ribeiro-Vaz, Santos et al. 2012). 

Spontaneously reported ADRs are submitted to the TGA by healthcare professionals in 

Australia using the ‘Blue Card’ system or online reporting. ADRs to herbal medicines are 

captured to some extent by this system, but as many people obtain herbal medicines without 

consulting health professionals these ADRs will be underreported. Despite this underreporting, 

while the numbers of ADRs may not be as informative as desired, the patterns of spontaneously 



 146 

reported ADRs may be more helpful, especially if we compare these patterns with a 

mechanistically similar conventional drug. 

To examine this issue further, a study was undertaken to determine whether there were any 

similarities or differences in the rate and severity of spontaneously reported ADRs to St. John’s 

Wort and fluoxetine in the Australian population between 2000 and 2013.  

 

6.3. Methods 

6.3.1. Data source 

ADRs to St. John’s Wort and fluoxetine were spontaneously reported by patients to their 

General Practitioners between 2000 – 2013. These ADRs were recorded using the Blue Card 

report and were submitted to the TGA. The Blue Card contained fields such as patient details, 

suspected medicines, other medicine, reported reactions, seriousness and outcome. Cases were 

de-identified by the TGA for ethical reasons in order to protect the patient’s privacy, and 

assessed by the TGA’s Office of Product Review before the case line listing reports were 

supplied to researchers. As the TGA is a member of the WHO International Drug Monitoring 

Program, reports are also sent to the Uppsala Monitoring Centre in Sweden which administers 

the WHO Collaborating Centre for International Drug Monitoring and forms the World Bank 

of Adverse Drug Reactions(Administration 2012). 

 

6.3.2. Data Collation and Analyses 

The adverse event case line listing data for St. John’s Wort and fluoxetine from 2000 – 2013 

were requested from the TGA. Data were emailed in the following weeks and collated and 

analysed using Microsoft® Excel software. Fields extracted from the case line listings were 

case number, year of report, sex, age, medicines, reaction and outcome. Classification and 

analyses included administration as a monotherapy (exclusive) or co-therapy (combined), 

demographic information (age and sex), ADR mechanism (direct, pharmacodynamics, 
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pharmacokinetic, unclassifiable),  severity (mild, moderate, severe, life-threatening and fatal, 

based on a modified Hartwig scale (Table 6.2)) (Hartwig, Siegel et al. 1992), and body system 

affected (based on the WHO Anatomical-Therapeutic-Classification system). Data was graphed 

using GraphPad Prism software. 

 

No case report contained concomitant use of St. John’s Wort and fluoxetine, which ensured 

cases did not overlap and were not counted more than once. 

 

6.3.3. Statistics 

Where appropriate (Categorical data where all expected values are greater than 1.0 and at least 

20% of the expected values are greater than 5), data was analysed with Chi Squared tests. Age 

data was analysed using ANOVA. Statistics were calculated using GraphPad Prsim 6.01 

(GraphPad Software Inc., San Diego, California, USA ). 

 

 6.4. Results 

The ADR profiles of St. John’s Wort (n=84 ADR reports) and fluoxetine (n=447 ADR reports) 

are similar. Females represented the majority of spontaneous ADR reports in response to both 

SSRIs; St. John's Wort (male = 16.7%, female = 81.0%, unknown= 2.4% (Figure 6.1)) and 

fluoxetine (male=35.6%, female = 58.4%, unknown = 6.0% (Figure 6.1) P < 0.05, Chi Squared 

test) and there were more female respondents in the St, John’s Wort group than the fluoxetine 

group (81.0% and 58.4% respectively P <0.05 Chi Squared test). Mean ages within sex 

categories were higher in St. John’s Wort ADRs (female = 49.1 years, male = 53.4 years (Table 

1)) as compared with fluoxetine ADRs (female =42 years, male = 42.6 years (Table 6.1) P < 

0.05).  Unsurprisingly, the majority of spontaneously reported ADRs to both St. John’s Wort 

and fluoxetine affected the nervous system (45.2%, 61.7% respectively (Figure 6.3)). The 
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mechanism contributing to the ADRs for St. John’s Wort and fluoxetine followed a similar 

pattern of distribution for effects due solely to the medication (direct) or due to drug-drug or 

drug-herb interactions (direct (57.1%, 53.7%), pharmacodynamic interaction (20.2%, 26.6%), 

pharmacokinetic interaction (19.1%, 19.5%), other (3.6%, 0.2%) (Figure 6.4)). The 

distributions of the mechanisms (direct, pharmacokinetic interaction, pharmacodynamic 

interaction) were not significantly different between St. John’s Wort and fluoxetine (P > 0.05, 

Chi Squared test). While the severity of the majority of ADRs for both St. John’s Wort and 

fluoxetine were moderate (44.1%, 49.0%), the overall severity profile was dissimilar, with mild 

(38.1%, 19.7%) and severe (11.9%, 6.7%) ADRs being more common for St. John’s Wort while 

life-threatening (6.0%, 19.0%) and fatal outcomes (0%, 4.9%) were more common for 

fluoxetine (Figure 6.5). Deaths were not reported in response to St. John’s Wort, but were 

reported in response to the fluoxetine (4.9% of cases, n=22) (Figure 6.5).  
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Table 6.1: Mean, median and range of ages (in years) within sex categories for ADR cases to 

St John’s Wort and fluoxetine in Australia between 2000 - 2013. 

 St. John's Wort Fluoxetine 

 Female Male Female Male 

N value 54  9 200 128 

Mean Age 
49.1 

±16.1 

53.4 

±13.1 

42   

±20.3 

42.6 

±22.6 

Median Age 49 50 39 41 

Age Range  19-99 28-73 0-99 0-92 

 

 

Table 6.2: The modified Hartwig scale of severity (Hartwig, Siegel et al. 1992) 

Severity Description 

Mild Mild degree of discomfort and incapacity but not interfere with normal activity (e.g. nausea, hay 

fever, mild headache, ear pain or fatigue). 

Moderate Incapacitating and interfering with normal activity, but not considering life-threatening or life-

shortening (e.g. diarrhoea, chest pain or severe headache). 

Severe A disease or a condition which is serious enough to shorten life-expectancies, but not life 

threatening (e.g. hypertension). 

Life-threatening A disease or a condition which is life threatening and also causes medical emergency (e.g. acute 

lymphatic leukaemia or severe cardiac arrhythmia). 

Fatal Causes termination of life (e.g. suicide). 

Note: No outcome stated (NOS) was assigned to cases where the patient outcome was not listed. 
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Figure 6.1: Percentage of spontaneously reported ADRs to St. John’s Wort and fluoxetine 

categorised by sex. Spontaneously reported adverse drug reaction cases to St John’s Wort and 

fluoxetine in Australia from 2000 – 2013, categorised according to sex. Females represented 

the majority of spontaneous ADR reports in response to both St. John's Wort  and fluoxetine (P 

< 0.05, Chi Squared test) and there were more female respondents in the St. John’s Wort group 

than the fluoxetine group (P <0.05 Chi Squared test). 
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Figure 6.2:  Percentage of spontaneously reported ADRs to St John’s Wort and fluoxetine by 

age and sex categories. A) Spontaneously reported ADR cases to St John’s Wort in Australia 

from 2000 – 2013 categorised according to age and sex. B) Spontaneously reported ADR cases 

to fluoxetine in Australia from 2000 – 2013 categorised according to age and sex. 
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Figure 6.3: Body Systems Affected by spontaneously reported ADRs to St John's Wort and 

fluoxetine in Australia between 2000-2013. Body systems were coded according the ATC 

system (A = alimentary tract and metabolism, B = blood and blood forming organs, C = 

cardiovascular system, D =dermatological, G = genito-urinary system and sex hormones, H = 

systemic hormonal preparations, L= antineoplastic and immunomodulating agents  M = 

musculo-skeletal system, N =nervous system, R = respiratory system, S = sensory organs, V = 

various). 
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Figure 6.4: Underlying mechanism of spontaneously reported ADRs to St John's Wort and 

fluoxetine in Australia between 2000-2013. Mechanisms underlying ADR’s were classified into 

4 categories; direct (due to the pharmacological effect of the SSRI alone), pharmacodynamic 

(pharmacodynamic interaction: the SSRI interfering with mechanism of action of a secondary 

drug), pharmacokinetic (pharmacokinetic interaction: the SSRI interfering with metabolism of 

a secondary drug), , or other (interaction cannot be classified due to polypharmacy). There were 

no significant differences between St John’s Wort and fluoxetine in the underlying mechanism 

of the reported ADR (P < 0.05, Chi Squared test). 

  



 154 

 

 

Figure 6.5: Severity of spontaneously reported ADRs to St. John's Wort and fluoxetine in 

Australia reported to the TGA between 2000-2013. Spontaneously reported ADRs to St John’s 

Wort and fluoxetine were categorised according to a modified version of the Hartwig 

scale(Hartwig, Siegel et al. 1992). NOS - No outcome stated. 



 155 

6.5. Discussion 

This study has demonstrated that the overall pattern of spontaneously reported ADRs for St. 

John’s Wort and fluoxetine are similar.  Demographic data reflected findings also seen in 

longitudinal studies in South Australia, which reported complementary and alternative 

medicine (CAM) use to be most prevalent in women aged 25–44 years old (MacLennan, Wilson 

et al. 1996, MacLennan, Wilson et al. 2002, MacLennan, Myers et al. 2006). St. John’s Wort 

had a substantial number of ADRs, a significant proportion of which affect the central nervous 

system, and are of concern. The overall pattern of ADR severity is comparable to fluoxetine 

results (excluding fatalities). The proportions of moderate and severe ADRs, and the presence 

of life threatening ADR’s suggest that ADRs to St. John’s Wort may be more serious than 

widely imagined. That is not to say that deaths did not (and do not) occur as a result of St. 

John’s Wort administration, only that if deaths did occur in response to St. John’s Wort in 

Australian from 2000-2013, they were not reported. Deaths due to serotonin syndrome, where 

the deceased had been using St John’s Wort concomitantly with a prescribed SSRI, may be 

solely attributed to the prescribed SSRI since detection of organic matter is severely limited 

post-mortem (Byard, James et al. 2002). Forensic pathologists do not consistently test for herbal 

medicines post mortem due to difficulties in identifying organic compounds (among other 

factors); however this study supports the need for a new discipline of forensic toxicology to 

ensure that deaths in response to herbal medications are reported. 

Overall there were 84 ADRs to St. John’s Wort reported compared to 447 ADRs for fluoxetine. 

However, these numbers are difficult to interpret without understanding both the extent of use 

of these medications, and the degree of underreporting. While over 50% of Australians report 

using a CAM of some kind (MacLennan, Myers et al. 2006), the proportion using herbal 

medicines, rather than some other modality, is smaller. As well, the proportion using St. John’s 

Wort in particular is likely to be smaller. Some idea of the relative use of these two medicines 



 156 

can be gained from a recent examination of antidepressant use in the large, population based 

“45 and Up” study in New South Wales (NSW) (Rahman, Basilakis et al. 2013).  Of 16,883 

subjects reporting use of antidepressant medication or St. John’s Wort, there were 1372 using 

fluoxetine and 689 using St. John’s Wort. Intriguingly, of the 689 people using St. John’s Wort, 

only 78 were being treated for depression (Rahman, Basilakis et al. 2013). If this pattern holds 

more generally for younger subjects and the rest of Australia, this suggests that the larger 

number of ADR events for  fluoxetine compared to St. John’s Wort reflects their proportion of 

usage, assuming that underreporting of ADRs to St. John’s Wort is similar to fluoxetine 

underreporting.  It is more likely that the extent of ADR underreporting is greater for St. John’s 

Wort. 

Given that St. John’s Wort preparations are bought over the counter (OTC) in a variety of non-

medical settings such as health food stores or online, it is likely that side effects are not being 

monitored by or reported to a General Practitioner. This means that both overall use and ADRs 

are underreported, and is a limitation of the study.  

The more severe adverse events tended to occur when St. John’s Wort was administered with 

a conventional medication. For example, ADR case 189849 resulted in life-threatening 

serotonin syndrome after a female consumed St. John’s Wort and Zoloft (a prescribed SSRI). 

Given that in the “45 and Up” study, only 9 of the 689 users of St. John’s Wort reported 

concurrent use of conventional SSRI’s the high proportion of ADR’s due to SSRI-St. John’s 

Wort interactions is troubling (Rahman, Basilakis et al. 2013). Combined St. John’s Wort and 

SSRI usage places a user at a high risk of lethal and irreversible serotonin syndrome, which 

raises the question of whether the user is aware of the dangers of herbal-drug interactions 

(Borrelli and Izzo 2009, Rahman, Basilakis et al. 2013).   
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The results of this investigation also highlight the importance of consumer awareness regarding 

the seriousness of the potential side effects and drug interactions of herbal medicines, and the 

requirement for stringent regulation of herbal medicine products. The Australian public is often 

unaware that CAMs are not tested by the TGA for efficacy or safety (MacLennan, Myers et al. 

2006). Increased monitoring of herbal medicine issues and use could see a decrease in the 

frequency of ADRs, and increased reporting of those ADRs that do occur (Licata, Macaluso et 

al. 2013).   

This study is the first to examine spontaneously reported ADRs to St. John’s Wort in the general 

population. The results indicate an urgent need for a comprehensive survey of overall herbal 

medicine usage, ADRs and adulteration to gain a more accurate reflection of herbal medicine 

use in Australia.  This effort will increase awareness of side effects of herbal medicines and 

possible interactions with prescribed medications to minimise the number of ADRs, and 

improve health outcomes for all herbal medicine consumers. 
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7.1. Abstract 

Purpose of the study: This study investigates spontaneous adverse drug reactions (ADRs) to 

glucosamine and chondroitin in the Australian population between 2000 and 2011, with a 

primary focus on hypersensitivity reactions. 

Study design: Case reports of ADR to glucosamine and chondroitin sent to the Therapeutic 

Goods Administration (TGA) between 2000 and 2011 were obtained and analysed. The 

demographic information and severity of the ADR were recorded for individual ADR cases. 

These reactions were classified according to the Brown et al. (2004) grading system for 

generalized hypersensitivity reactions. This included mild hypersensitivity reactions 

(generalized erythema, urticaria and angioedema) through to moderate hypersensitivity 

reactions (wheeze, nausea, vomiting, dizziness (presyncope), diaphoresis, chest or throat 

tightness, and abdominal pain), and more severe reactions (hypotension, confusion, and 

collapse).  

Results: In this study of 366 adverse drug reactions (ADR) to glucosamine and chondroitin 

preparations, 71.85% of cases (n=263) were found to have hypersensitivity reactions. Of these 

263 cases, 92 cases were classified as mild (for example, pruritus, urticaria and lip oedema), 

128 cases classified as moderate (such as dyspnoea, nausea and abdominal pain), and 43 cases 

classified as severe (including amnesia, gait disturbance, somnolescence, and hypotension). It 

is not clear whether the patients involved had a known shellfish allergy or underlying atopy. 

Conclusion: Results of this investigation support the need for clear labelling on glucosamine 

and chondroitin preparations to raise awareness of possible adverse events for those predisposed 

to allergy or atopy in response to shellfish.  
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What is already known on the subject: 

• Glucosamine is a commonly used complementary medicine extracted from crustacean 

exoskeleton and used for the prevention and treatment of cartilage deterioration 

associated with osteoarthritis (OA). 

• Glucosamine is often combined with chondroitin, although the efficacy of both 

preparations taken exclusively or in combination is a point of controversy. 

• Published data shows that ADRs to complementary medicines are most severe when 

taken concomitantly with prescribed medicines. 

• Although glucosamine is derived from shellfish, shellfish allergies are not considered 

to be a major part of reported ADRs. 

• Glucosamine preparations may contain general warnings such as “consult a physician 

before use” but are not appropriately explicit regarding shellfish allergy. 

 

Main messages: 

• In this study of 366 adverse drug reactions (ADR) to glucosamine and chondroitin 

preparations 71.85% of cases (n=263) were found to have hypersensitivity reactions. 

• The most severe ADRs were anaphylactic reactions (n=4). 

• This study challenges the argument that glucosamine supplements should be safe for 

consumers with shellfish allergy because the allergy-inducing tropomyosin protein is 

found the flesh of the shellfish and not the shell. 

• Results of this study demonstrate a need for increased consumer and healthcare provider 

awareness of the potential adverse events associated with glucosamine and chondroitin 

use (either in exclusive administration or as an adjunct to other medicine) and of the 
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availability of non-shellfish derived glucosamine products for OA patients with 

shellfish allergy. 

• This study supports the need for explicit allergy warnings on the label of all 

glucosamine and chondroitin preparations. 

 

7.2. Introduction 

Glucosamine (2-Amino-2-deoxy-glucose) is an amino sugar that is essential for the 

biosynthesis of glycosylated proteins and lipids,[1] as a precursor to the body's synthesis of 

cartilage.[2] Some anti- inflammatory effects have also been seen; however, this is a point of 

controversy.[3] Evidence suggests it may suppress interleukin-1-induced prostaglandin E2 

synthase,[4] and interleukin-8 production.[3]  

Glucosamine can be extracted from crustacean shell and stabilized by chemical modification to 

be used as a complementary medicine to prevent and treat joint pain and cartilage 

deterioration.[1,3] Since the progressive destruction of cartilage is a common feature of 

osteoarthritis (OA),[1, 2, 4] these patients are commonly advised to take glucosamine 

preparations as an adjunct to other therapies.[5]  

Glucosamine is often sold in combination with chondroitin sulphate, a natural 

glycosaminoglycan is found in cartilage and the extracellular matrix. Chondroitin is usually 

derived from either bovine, porcine, chicken or marine (predominantly shark) cartilage.[6, 7] 

The efficacy of both preparations taken exclusively or in combination for the treatment of OA 

has been disputed in recent years.[8] The Osteoarthritis Research Society International 

(OARSI) recently changed its recommendation for chondroitin to “uncertain” for pain relief 

and “not recommended” for disease modification.[9] Despite this, its use is supported by the 

Therapeutic Goods Administration (TGA). The TGA lists glucosamine and chondroitin 
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preparations on the Australian Register of Therapeutic Goods, with specific indications such as 

“providing temporary relief from pain and joint inflammation associated with 

osteoarthritis/arthritic conditions”.[2] 

Shellfish are one of the most frequent causes of allergic reactions to foods including life-

threatening anaphylaxis.[10,11] The shellfish class of seafood is comprised of crustaceans and 

mollusks, and the major allergen responsible for allergic reactions is the muscle protein, 

tropomyosin.[12] Since tropomyosin is not present in the shell, shellfish allergies are not 

considered to be a major part of reported ADRs to glucosamine. However, people with shellfish 

allergies are warned against taking glucosamine and chondroitin preparations given the 

potential for contamination during the manufacturing process and the lack of routine tests to 

exclude protein contamination.[13]  

Since glucosamine is derived from shellfish, the present study examines 366 spontaneously 

reported ADRs to glucosamine in Australia between 2000-2011 with a primary focus on 

hypersensitivity in ADRs where glucosamine and chondroitin were the only ‘suspected’ drugs 

involved. ADRs which listed a drug other than glucosamine and chondroitin as ‘suspected’ 

were not included in hypersensitivity results. 

 

7.3. Methods 

Methods followed Hoban et al.,[14] with the substitution of the Hartwig scale of severity for 

of the Brown hypersensitivity grading system.[15] Briefly, ADRs to glucosamine were 

spontaneously reported by patients to their General Practitioners between 2000 – 2011. These 

ADRs were recorded using the Blue Card report system and were submitted to the TGA. The 

Blue Card contained fields such as patient details, suspected medicines, other medicines, 

reported reactions, seriousness and outcome. Cases were de-identified by the TGA for ethical 
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reasons in order to protect the patient’s privacy and assessed by the TGA’s Office of Product 

Review before the case line listing reports were supplied to researchers. 

The adverse event case line listing data for glucosamine for 2000 – 2011 were requested from 

the TGA. Data were emailed in the following weeks and collated and analysed using 

Microsoft® Excel software. Fields extracted from the case line listings were case number, 

year of report, sex, age, medicines, reaction and outcome. Classification and analyses 

included administration as a monotherapy (exclusive) or co-therapy (combined), demographic 

information (age and sex), severity (mild, moderate or severe, based on the Brown scale for 

generalised hypersensitivity reactions (Table 3)).[15] The Brown scale also considers the 

body system effected along with the type of reaction. Data was analysed using GraphPad 

Prism software. 

 

7.4. Results 

7.4.1. Sex demographic 

Of the 366 ADR cases, 64.2% were female (n=235), 32.8% were male (n=120), while the sex 

of the patient was unknown for 3.0% (n = 11) (Table 7.1). 

 

7.4.2. Age demographic 

The mean age of all ADR cases was 61.81 ± 13.47 years. The mean age of female ADR cases 

was 62.91 ± 13.61 years, and male cases were 59.35 ± 13.19 years (Table 7.2). Females aged 

51 – 75 years were the most highly represented demographic (27.3%) (Table 7.1, Figure 7.1). 
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7.4.3. Hypersensitivity and Severity 

Of the 366 adverse drug reactions (ADR) to glucosamine and chondroitin preparations, 

71.85% of cases (n=263) were found to have hypersensitivity reactions (Figure 7.2). 

Of these 263 cases, 92 cases were classified as mild (for example, pruritus, urticaria and lip 

oedema), 128 cases classified as moderate (such as dyspnoea, nausea and abdominal pain), 

and 43 cases classified as severe (including amnesia, gait disturbance, somnolescence, and 

hypotension). 
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Table 7.1: The percentage of ADRs to glucosamine by patient sex and age range categories 

(n=366). Note: Both age and sex information were not available for every ADR.  

Age range (years) Female Male Unknown Total 

0-25 0.0% 0.0% 0.0% 0.3% 

26 - 50 8.5% 5.7% 0.0% 14.2% 

51 - 75 27.3% 13.9% 0.3% 41.5% 

76+ 9.0% 2.7% 0.8% 12.6% 

Unknown 19.1% 10.4% 1.9% 31.4% 

Total 64.2% 32.8% 3.0% 100.0% 

 

 

Table 7.2: Mean, median and range of ages (in years) within sex categories for ADR cases to 

Glucosamine in Australia between 2000 - 2011. Note: Both age and sex information were not 

available for all ADR cases.  

 Female Male Total 

N value 164 82 250 

Mean Age 62.91 ± 13.61 59.35 ± 13.19 61.81 ± 13.47 

Median Age 64 62 63 

Age Range 26 - 99 26 - 82 26 - 99 

 

Table 7.3: Grading system for generalized hypersensitivity reactions.[15]  

Grade Defined by 
1—Mild (skin and subcutaneous tissues only) Generalized erythema, urticaria, periorbital edema, or 

angioedema 

2—Moderate (features suggesting respiratory, 

cardiovascular, or gastrointestinal involvement) 

Dyspnoea, stridor, wheeze, nausea, vomiting, dizziness 

(presyncope), diaphoresis, chest or throat tightness, or 

abdominal pain 

3—Severe (hypoxia, hypotension, or neurologic 

compromise) 

Cyanosis or SpO2 ≤ 92% at any stage, hypotension (SBP 

< 90 mm Hg in adults), confusion, collapse, Loss of 

Consciousness, or incontinence 
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Figure 7.1: The percentage of Adverse Drug Reactions to glucosamine by patient sex and age 

range categories (n=366). Note: Both age and sex information were not available for every 

ADR case.  
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Figure 7.2: Severity of Hypersensitivity Adverse Drug Reactions to Glucosamine in Australia 

between 2000 – 2011 (n = 263). Mild (n = 92), moderate (n= 128) and severe (n=43).  
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7.5. Discussion 

The clinical features of IgE-mediated shellfish allergy vary widely in severity from mild oral 

symptoms to life threatening anaphylaxis.[16] These shellfish-specific manifestations include 

cutaneous symptoms, oral allergy syndrome, digestive symptoms, anaphylaxis, asthma and 

rhinitis (Fernández-Rivas, 2009; Lee et al., 2012). [16, 17] The hypersensitivity reactions seen 

in the data provided by the TGA are consistent with these hallmark IgE-mediated shellfish 

allergy clinical features. It is not known whether the patients involved had a recognised 

shellfish allergy or underlying atopy.  

Glucosamine is used as a dietary supplement to treat OA, and as such, is predominantly used 

by older patients due to the decline in joint health related to age. This is supported by the 

demographic data, showing females aged 51-75 years old were the most represented 

demographic. These patients are also more likely to be using other medication(s) for the same 

or another medical condition. This is an important consideration when contemplating 

glucosamine and chondroitin administration, given that published data shows that ADRs to 

complementary medicines are most severe when taken concomitantly with conventional 

medicines.[14] Regardless, this drug combination is often recommended as an adjunct to 

traditional prescription pharmaceuticals and nonpharmacologic treatments.[5] It has been 

suggested that physicians question their patients about use of dietary supplements such as 

glucosamine and chondroitin as self-medication, and consider the possibility of such 

supplements causing exacerbations of underlying conditions.[18] 

The prevalence of shellfish allergy is estimated to be 0.5–2.5% of the general population,[19] 

and depends largely on geographic location and level of consumption.[20] For example, there 

is higher prevalence in Asia where shellfish constitutions an above average component of 

diet.[20]  Consider that not all people with shellfish allergy are aware that they have an 
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allergy, especially given adult-onset food allergies, where a patient may not have previously 

had an allergic response to a given allergen (in this case, shellfish or glucosamine).[21]  Given 

that 71.85% of ADRs involved hypersensitivity reactions, and alarmingly  four cases (1%) 

were reported as anaphylactic reactions, the results of this study challenge the argument that 

glucosamine supplements should be safe for consumers with shellfish allergy because the 

allergy-inducing tropomyosin protein is found the flesh of the shellfish and not the shell. The 

prevalence of shellfish allergy, the potential severity of a reaction, and results of this study 

provide strong reasons for glucosamine and chondroitin preparations to list a warning on the 

label for people who have shellfish allergies. 

Three ADR cases specifically listed the reaction as asthma, while dyspnoea featured in nine 

cases. It is possible that sulphites contained in these supplements can cause an inflammatory 

response in patients with asthma. This is supported by a 2002 study by Tallia and Cardone 

who concluded that the biological link between both chondroitin and glucosamine and 

secretions from the respiratory tree of persons with asthma lends biologic plausibility to the 

hypothesis that the patient's asthmatic episode was related to the dietary substance.[18] 

Outside of hypersensitivity reactions, of noticeable mention are possible interactions with 

glucose lowering drugs. There were 9 reports with the adverse event label “blood glucose 

increased” in TGA database. Four of these reports were in conjunction with the use of the 

glucose lowering drugs Metformin, Gliclazide and Biphasic Isophane Insulin. These 

medications are commonly prescribed for type 2 diabetes and the interaction with 

glucosamine and chondroitin may have rendered them sub-therapeutic, putting the patient at 

risk of a hypoglycaemic episode. While there is little evidence for an effect of glucosamine on 

blood sugar levels,[22] given the demographic data of patients taking glucosamine, and that 

diabetes is a common comorbidity for people of advanced age who may be experiencing joint 
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pain, it may be worth considering a warning on the label of glucosamine and chondroitin 

preparations for people who take medications for type 2 diabetes.  

Glucosamine preparations may contain general warnings such as “consult a physician before 

use”, however, some contain no warnings at all.[2] The importance of appropriate labelling 

for effective consumer information and quality use of medicines has been recognised by the 

TGA with legislation changing layout, information types and font sizes coming into effect in 

2016 with staged implementation to be complete by 2020.[23]  As part of the changes 

consistent location of any warning labels will be implemented, along with more visible fonts. 

However, the warning phrases in the TGA listing for these drugs may not be appropriate, for 

example the referenced chondroitin label instructs patients allergic to shellfish to consult a 

physician, others simply say prepared from seafood or shellfish without reference to 

allergies.[2] This may not convey the importance of potential allergic reactions to consumers. 

Consumers and health practitioners need to be aware of alternative sources of glucosamine 

that are more suitable for OA patients with shellfish allergy or atopy, such as fungi or 

bacteria-derived glucosamine preparations. 

 

7.6. Conclusion 

Australia’s aging population is seeing the ‘baby boomer’ generation increasingly presenting to 

General Practitioners with knee OA.[5] As such, it is progressively more important to raise 

awareness of possible hypersensitivity reactions to glucosamine and chondroitin preparations 

for those with underlying shellfish allergy. The study supports the need for clear labelling on 

glucosamine and chondroitin preparations, and strict adherence to Good Manufacturing 

Practice guidelines for manufacturers. Raising healthcare practitioner and consumer 

awareness of potential drug interactions with glucosamine and chondroitin preparations, and 
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of the availability of non-shellfish derived glucosamine for OA patients with underlying 

shellfish allergy or atopy, could ultimately improve patient outcomes and reduce ADRs to 

glucosamine and chondroitin preparations. 
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8. Conclusion 

The work presented describes the risks that herbal medicine can pose to the Australian 

population. It paints a picture of widespread adulteration and contamination, and ADRs as 

severe as prescribed medicines, despite the fact that ADRs to herbal medicines are largely 

underreported. 

Chapter one outlined the risks identified in the current literature associated with the modern use 

of herbal medicines. It also commented on the dangers of polyherbacy from use of multiple 

herbal preparations. Chapter two shows that adulteration and contamination in psychotropic 

herbal medicines is dangerously high. This was reinforced by only two of 59 herbal medicines 

being accurately labelled. 

Chapter three supported the findings in chapter two, demonstrating similar levels of adulteration 

and contamination of analgesic and anti-inflammatory herbal medicines sourced in Australia. 

The combination of these two chapters provide a basis for reformed quality assurance through 

a rigorous approach of pre-market auditing using liquid chromatography mass spectrometry 

methods in conjunction with next generation DNA testing. 

Chapter four provides a comparison of quality between Australia and the overseas market, 

through analysis of herbal medicines sourced from Vietnam. Although the small sample size 

limited the study to extrapolation for comment on the availability of herbal medicines on an 

international level, by Australian standards it should have had contamination levels in the order 

of 50% of samples. This study also emphasises the cultural importance and the need for access 

to high quality herbal medicines. 

The thesis shows that the herbal medicines available to Australian consumers are subject to 

high levels of adulteration and contamination, and that this is reflected in adverse drug 

reactions.  
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Chapter five gives insight into how herbal medicines are tolerated in the Australian population 

by measure of ADRs to four popular herbal medicines. The most severe ADRs involved 

concomitant use of prescription medications and herbal medicine. While the results are 

alarming, they true impact of herbal medicines may be underestimated since the role of herbal 

medicines in deaths is not understood since herbal medicines are not routinely tested for post 

mortem. 

Chapter six draws comparison between ADRs to a synthetic medicine (fluoxetine) and herbal 

counterpart of same mechanism of action (St John’s Wort (Hypericum perforatum)). The study 

showed that ADRs to herbal medicines have a similar profile of severity as ADRs to 

prescription medicines. It demonstrates that herbal medicine needs to be taken as seriously and 

responsibly as prescription medicines. 

Chapter seven highlights the severity of hypersensitivity reactions to glucosamine and 

reinforces the need for correct labelling on herbal medicine preparations. This extends beyond 

accurately reporting ingredients to displaying appropriate warnings.  

Results of this study have already been used to raise public awareness of the issues surrounding 

herbal medicine use, particularly with regard to severity of herb-drug interactions. Findings 

have also been used to form recommendations to the Therapeutic Goods Administration. Post-

market auditing is clearly an ineffective method of regulation and has allowed substandard into 

circulation and use. Self-reported ingredient lists without verification are also problematic, as 

an honesty policy is not a robust basis for guaranteeing safety of medicines. The Australian 

population is increasingly turning to herbal medicines, and consumers deserve to have access 

to safe products. 

Given the implications of inadequate regulation of dietary supplements such as herbal 

medicines (as outlined in this thesis), further work is required to extend to other supplements 
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under similarly relaxed regulatory control, such as sports nutrition supplements and infant 

formula. The TGA warn that many supplements do not fall under therapeutic goods regulation, 

leaving consumers should to take extra care when selecting a product. However, the fraudulent 

nature of the industry means that consumers simply cannot make an informed decision when 

labelling of products is not accurate or truthful. 

Since women of childbearing years are the demographic who most frequently consume dietary 

supplements, there is also reason to closely assess the herbs they use, in particular, pregnancy 

and breastfeeding multivitamins, supplements such as iodine, folate, iron and vitamin D, and 

fertility herbal medicines such as vitex. Particular attention should be given to teratogenic 

adulterants and contaminants and include toxicity studies in cellular assays and animal models.  

In conclusion, the work presented advances our collective knowledge of herbal medicine, and 

how it is tolerated in the Australian population. It highlights risks to public health and gives 

cause to improve consumer and health care provider awareness (particularly of herb-drug 

interactions) to combat the “don’t ask, don’t tell” mentality and challenge the common 

perception that “natural” equates to “safe”. Ultimately, it calls for more stringent regulation of 

herbal medicines available to Australian consumers, as a matter of public health and safety. 

 



 181 

 Appendix 1 

 



 182 

 

 

 

 

 



 183 

 

 

 

 



 184 

 

 

 

 

 



 185 



 - 186 - 



 187 

 

 
 
 
 



 188 

 
 
 
 



 189 

 
 
 
 



 190 

 
 
 
 



 191 

 
 

 
 



 192 

 
 

 
 
 



 193 

 

 
 
 



 194 

 

 
 
 
 
 



 195 

 
 
 
 



 196 

 
 
 
 



 197 

Public Media discussion of the preceding paper: 
 
Sydney Morning Herald: https://www.smh.com.au/national/supplements-may-contain-traces-
of-frog-but-will-they-make-you-croak-20190906-p52olk.html 
 

 
 
 
 
National radio interview: 
3AW Mornings with Neil Mitchell (double click icon to listen) : 
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Special Interest Group Prize 
 
Students whose research falls under an area of interest of one of ASCEPT’s Special Interest Groups (SIGs) are considered for the relevant SIG 
Prize. Special Interest Groups award a prize annually to the student who gives the best overall presentation in their specific research field. 
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Public Media discussion of the preceding paper 
 
 
Australian Medical Association: https://ama.com.au/ausmed/st-johns-wort-not-necessarily-
safe-option 
 

 
 
 
 
CBS News: https://www.cbsnews.com/news/st-johns-wort-can-cause-serious-side-effects/ 
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https://indaily.com.au/news/2015/07/01/warning-on-st-johns-wort-side-effects/ 
 
 
 

 
https://www.news.com.au/lifestyle/health/health-problems/the-herbal-medicine-that-has-the-
same-action-and-side-effects-as-prescription-drugs/news-
story/a73bdf94a24467374f44bf64136d74d2 
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University of Adelaide: https://www.adelaide.edu.au/news/news79142.html 

 
 
 
 
Investigation of St John’s Wort sales in Denmark:  
 
Alternative health stores are breaking the law with »the nature’s antidepressants« 
https://danielhovalt.wixsite.com/helsekost 
 
Alternative health stores are guiding illegally, when they sell pills with perikon as 
antidepressants according to a new investigation with hidden footage, where 24 of 37 
stores are breaking the law. That is critical according to some of Denmark’s leading 
experts. 
 
“The most recent research was made in 2015 by a group of researchers, including Claire 
Hoban from the University of Adelaide. She has sent the results to us. The researchers 
concludes that »This result demonstrates that herbal preparations can result in ADRs similar 
to those of prescription medications.« 
  
Researcher Claire Hoban writes to us about the research, that patients, who is combining 
perikon with prescribed SSRI antidepressants, puts the patient at risk of too much serotonin 
in the brain. Serotonin is often associated with the feel of happiness, but an overdose can 
even lead to serotonin syndrome. 
  
Serotonin Syndrome is characterized by its quick onset within hours, high fever, seizures, 
loss of consciousness, loss of control of heart rhythm, and (if left untreated) death.” 
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Summary of online media clips generated from release of St John’s Wort research. 
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Public media discussion of the preceding paper: 
 
The Sydney Moring Herald: https://www.smh.com.au/national/hundreds-harmed-by-
glucosamine-as-doctors-warn-stop-taking-it-20200129-p53vq1.html#comments 
 

 
Note: this was the most read article of the edition. 
 
 
 
7 News Sydney (television report): https://www.facebook.com/7NEWSsydney/videos/people-
taking-glucosamine-for-their-arthritis-have-been-urged-to-stop-using-pill/181730719802425/ 
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The Conversation: https://theconversation.com/im-taking-glucosamine-for-my-arthritis-so-
whats-behind-the-new-advice-to-stop-131648 
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