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Could herbal soup be a potentially unrecognized cause 
of hepatotoxicity at autopsy?
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Abstract
Unexpected hepatic failure with liver necrosis is sometimes encountered during a forensic autopsy. Determining the etiol-
ogy may sometimes be difficult, although increasingly herbal medicines are being implicated. To determine whether such 
effects might also be caused by foodstuffs, the following in vitro study was undertaken. Four formulations of traditional 
herbal soup advertised as bak kut teh were prepared and added to cultures of liver carcinoma cells (HepG2). Cell viability 
was assessed using an MTT colorimetric assay at 48 h demonstrating that all formulations had significant toxicity prior to 
dilution (p < 0.05). Formulation #1 showed 21% cell death (p = 0.023), Formulation #2 30% (p = 0.009), and Formulation #3 
41% (p < 0.0001). Formulations #1–3 showed no significant toxicity once diluted (p > 0.05). Formulation 4 showed approxi-
mately 83% cell death before dilution (p < 0.0001) and persistent toxicity even with dilutions at 1:10 (15% ± 3.7, p = 0.023) 
and 1:1000 (14% ± 3.8, p = 0.024). This study has shown that herbal foodstuffs such as bak kut teh may be responsible for 
variable degrees of in vitro hepatotoxicity, thus extending the range of herbal products that may be potentially injurious 
to the liver. If unexpected liver damage is encountered at autopsy, information on possible recent ingestion of herbal food 
preparations should be sought, as routine toxicology screening will not identify the active components. Liver damage may 
therefore be caused not only by herbal medicines but possibly by herbal products contained in food.
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Introduction

Herbal medicines have been used for many thousands of 
years in communities and cultures around the world, and 
particularly in Asia, to treat a myriad of conditions. In recent 
years, there has been a marked increase in their use in West-
ern countries with China exporting more than $500 million 
worth of traditional Chinese medicines to the USA in 2016 
alone [1, 2]. The reasons for this are complex; however, 
an underlying belief is that as herbal products are natural, 
they must therefore be much safer to use than manufactured 

pharmaceutical agents [3]. This position fails to acknowl-
edge that any agent that has therapeutic effects must also 
have the potential for therapeutic side effects.

Ongoing reports in the literature have detailed cases where 
lethal events have involved hepatic and renal failure due to 
the effects of individual herbal agents or to the interaction of 
herbal agents with other herbs or with prescribed drugs. Poly-
herbacy is an important area to study as the pharmacokinetics 
of herbal preparations are often poorly understood [4, 5].

The potential for dietary herbs to cause toxicity has not, 
however, been recognized or previously investigated. The fol-
lowing in vitro study was undertaken to evaluate whether bak 
kut teh could also have potential hepatotoxic effects that might 
be responsible for significant liver damage identified at autopsy.

Materials and methods

Four formulations of herbal soup advertised as bak kut 
teh were randomly selected and purchased from retailers 
or health food stores. Each formulation was de-identified 
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and prepared following the package instructions to create 
a soup. This consisted of adding a sachet of soup mix to 
boiling water for 5 min. Formulations were then further 
diluted using PBS to a final dilution factor of 1:10,000–1. 
Standard laboratory methodology was used with exposure 
to cultures of liver carcinoma cell line (HepG2) to the bak 
kut teh formulations. The HepG2 cell line has been exten-
sively used in our laboratory as an appropriate in vitro 
model for liver tissue. Cell viability was assessed using an 
MTT colorimetric assay according to standard procedures 
[6], with statistical significance determined via one-way 
analysis of variance (ANOVA).

Results

Details of the ingredients of each of the soups varied considerably 
in detail from one preparation label to another. The ingredients 
included the following: Formulation #1, dried hawthorn; For-
mulation #2, goji berries, ginseng, bark, and dried mushrooms; 
Formulation #3, astragalus, Polygonatum odoratum, Ligusticum 

chuanxiong, Codonopsis pilosula, Cinnamomum cassia, Angel-
ica sinensis, Illicium verum, Piper nigrum, and Eugenia caryo-
phyllata; and Formulation #4, spices, pepper, and salt.

However, all formulations of bak kut teh demonstrated 
significant toxicity (p < 0.05). Formulation 1 showed the 
least toxic response, with approximately 21% cell death 
observed (p = 0.023), followed by Formulation 2 with 30% 
(p = 0.009) and Formulation 3 with 41% (p < 0.0001). For-
mulations 1–3 showed no significant toxicity once diluted 
(p > 0.05) (Fig. 1A–C). Formulation 4 showed the most sig-
nificant toxicity to the HepG2 cell line with approximately 
83% cell death before dilution (p < 0.0001) and persistent 
toxicity even with dilution 1:10 (15% ± 3.7, p = 0.023) and 
1:1000 (14% ± 3.8, p = 0.024) (Fig. 1D). Control cell cul-
tures without bak kut teh showed no cell death.

Discussion

The dangers of herbal preparations relate to issues of inher-
ent toxicity, replacement of active agents by other plants, 
augmentation with undisclosed pharmaceutical drugs, and 

Fig. 1  The effect of four dif-
ferent bak kut teh formulations 
on HepG2 cells after 48 h of 
exposure. A Formulation #1 
showed significant toxicity 
before dilution (p = 0.023), but 
demonstrated no significant 
toxicity once diluted (p > 0.05). 
B Formulation #2 demonstrated 
significant toxicity with no 
dilution factor (p = 0.009), but 
none once diluted (p > 0.05). 
C Bak kut teh Formulation #3 
showed similar toxicity when 
undiluted (p < 0.0001) but was 
not found to be toxic with dilu-
tion (p > 0.05). D Formulation 
#4 was shown to be significantly 
toxic undiluted (p < 0.0001) 
and in dilutions with a factor 
of 1:10 (p = 0.023) and 1:1000 
(p = 0.024). Values mean ± SEM 
(n = 3). *p < 0.05, **p < 0.01, 
****p < 0.0001. One-way 
ANOVA with Dunnett’s. Where 
error bars are not shown, they 
are smaller than the symbol
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interactions with other herbs and drugs [7]. In addition, idio-
syncratic metabolic responses may render certain individuals 
more susceptible to negative herb and herb-drug effects. The 
variability in content of the active ingredients from batch 
to batch of a particular preparation and between different 
preparations is another issue to consider, a factor which may 
also arise with herbal foodstuffs.

A recent study by our group demonstrated an exacerba-
tion of the potential of paracetamol to cause damage to liver 
cells (in this case also grown in culture) in the presence of 
psoralen, a furanocoumarin compound that is present in Pso-
ralea corylifolia, a common Chinese herb [6]. The potential 
for herbal agents to increase paracetamol hepatotoxicity is 
of particular concern in the era of COVID-19 when par-
acetamol may be the drug of choice to treat virus-associated 
fevers and myalgias with concomitant herbal preparations 
being promoted as beneficial [8–10]. We have also dem-
onstrated injury to intestinal epithelial cells from herbal 
preparations [11].

Although adverse clinical reactions to bak kut teh are not 
reported, one of the authors (CA) has had a patient who 
presented with toxic symptoms including rhabdomyolysis 2 
days after consuming the soup. As we have an established 
system of hepatocyte cell culture that has been shown to be 
useful in assessing herbal toxicity, we therefore decided to 
expose HepG2 cells to bak kut teh formulations. The results 
clearly demonstrated quite significant hepatocyte toxicity 
in four preparations at concentrations normally found in 
the soup broth. Of particular concern was Formulation #4 
where significant hepatotoxicity continued to occur even at 
dilutions of 1/1000. As with herbal therapies, another issue 
involved the variable declaration of ingredients, with one 
merely listing “spices, pepper, salt” compared to another 
which had an extensive list including Astragalus, Polygo-
natum odoratum, Ligusticum chuanxiong, Angelica sinen-
sis, and Eugenia caryophyllata. Variations in effect could 
however come from different volumes of liquid being used 
during the boiling of the herbal sachets and also from natural 
dilution of the soup within the stomach, both of which may 
alter the risk of toxicity.

In conclusion, this study has shown that not only herbal 
therapeutic agents may be responsible for in vitro hepato-
toxicity but that this may also extend to herbal foodstuffs 
such as bak kut teh. This result should not perhaps come 
as a surprise, as a number of herbal products may inter-
fere with a variety of metabolic pathways, and this should 
not necessarily exclude herbal material that is being used 
in food. This study has extended, therefore, the range of 
herbal products that may be potentially dangerous to health 
and should prompt assessment of dietary intake of herbal 
soups in cases that present to autopsy with sometimes ful-
minant liver failure and/or hepatic necrosis. Further study 
will clearly be required to evaluate this potential association; 

however, it may be of particular significance to individuals 
with pre-existing liver disease.

Key points

1. To determine whether hepatotoxicity might be caused 
by herbal foodstuffs the following in vitro study was 
undertaken.

2. Four formulations of traditional herbal soup advertised 
as “bak kut teh” were added to cultures of liver carci-
noma cells (HepG2).

3. All formulations were responsible for variable degrees 
of in vitro hepatotoxicity.

4. Liver damage may therefore be caused not only by 
herbal medicines but possibly by herbal products con-
tained in food.

Funding Open Access funding enabled and organized by CAUL and 
its Member Institutions.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Lin AX, Chan G, Hu Y, Ouyang D, Ung COL, Shi L, Hu H. 
Internationalisation of traditional Chinese medicine: current inter-
national market, internationalisation challenges and prospective 
suggestions. Chin Med. 2018;13:1–9.

 2. Cyranoski D. Why Chinese medicine is heading for clinics around 
the world. Nature. (Sept) 2018. https:// www. nature. com/ artic les/ 
d41586- 018- 06782-7 (Accessed: 25 Feb 2022).

 3. Byard RW, Musgrave I, Maker G, Bunce M. What are the risks 
to the Australian community from herbal products? Med J Aust. 
2017;206:86–90.

 4. Lin MH, Chang HT, Tu CY, Chen TJ, Hwang SJ. Prevalence 
of polyherbacy in ambulatory visits to traditional Chinese 
medicine clinics in Taiwan. Int J Environ Res Public Health. 
2015;12:9639–57.

 5. Gilbert JD, Musgrave I, Hoban C, Byard RW. Lethal hepa-
tocellular necrosis associated with herbal polypharmacy in a 
patient with chronic Hepatitis B infection. Forensic Sci Int. 
2014;241 C:138–40.

 6. Britza S, Musgrave I, Byard RW. Potential role of herbal 
traditional Chinese medicines in hepatotoxicity. Leg Med. 
2020;47:101740.

405Forensic Science, Medicine and Pathology (2022) 18:403–406

http://creativecommons.org/licenses/by/4.0/
https://www.nature.com/articles/d41586-018-06782-7
https://www.nature.com/articles/d41586-018-06782-7


1 3

 7. Coghlan ML, Maker G, Crighton E, Haile J, Murray DC, White 
NE, Byard RW, Bellgard M, Mullaney I, Trengove R, Allcock 
RJN, Nash C, Hoban C, Musgrave I, Bunce M. Combined toxi-
cological and genetic auditing of traditional Chinese medicines 
provides a means of detecting adulterants and improving pharma-
covigilance. Sci Rep. 2015;5:17475.

 8. Ang L, Song E, Lee HW, Lee MS. Herbal medicine for the treat-
ment of coronavirus disease 2019 (COVID-19): a systematic 
review and meta-analysis of randomized controlled trials. J Clin 
Med. 2020;9:1583.

 9. Ang L, Lee HW, Kim A, Lee. Herbal medicine for the manage-
ment of COVID-19 during the medical observation period: a 
review of guidelines. Integr Med Res. 2020;9:100465.

 10. Fan AY, Gu S, Alemi SF, Research Group for Evidence-based 
Chinese Medicine. Chinese herbal medicine for COVID-19: cur-
rent evidence with systematic review and meta-analysis. J Integr 
Med. 2020;S2095-4964:30078–9.

 11. Britza S, Farrington R, Musgrave I, Byard RW. Intestinal epithelial 
damage due to herbal compounds – an in vitro study. Drug Chem 
Tox. 2022. https:// doi. org/ 10. 1080/ 01480 545. 2021. 20219 29.

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

406 Forensic Science, Medicine and Pathology (2022) 18:403–406

https://doi.org/10.1080/01480545.2021.2021929

	Could herbal soup be a potentially unrecognized cause of hepatotoxicity at autopsy?
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Key points
	References


