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1.	 INTRODUCTION 

Plants play an integral role in the environment 
and have a close association with the human 
civilization. Plants are used for food, clothing, 
shelters flavors, and fragrances and also taken in 
a form of medicines. Herbs or herbal preparations 
represents first generation of therapeutic medicines 
which were used to cure human ailments since 
time immemorial [1]. Herbs have been an integral 
part of traditional medicine and their use is 
documented from at least 5000 years [2]. Folkloric 
medicines are either complementary or a main 
source of medical treatment for about 75%–80% 
of the world population and used mostly in under 
developed and developing regions [3]. In some 
countries these traditional practices have been 
integrated through regulations into mainstream 
health systems. The herbal industries across 
the world like Traditional Chinese Medicines, 
Ayurvedic Medicines, Greek Medicines and 
Greeco-Islamic Medicines are continuously 

expanding [4]. In spite of their medicinal uses, 
several plant species contains phytochemical 
which are poisonous; however, they are still used 
for therapeutic purposes in traditional or folkloric 
medicines. Mostly the consumers, in general have 
a strict narrative about the herbal medicines (HM) 
for being a safer option with no side effects as 
being made entirely of natural ingredients. 

The assumption that ‘natural’ can be equated 
with ‘safe’ is certainly an important factor but 
misleading [5]. A number of plants can be poisonous 
and may cause toxicity [6]. These toxicity issues 
remained unnoticed for thousands of years, 
however, with the growing scientific literature 
has revealed toxicity of certain herbs or their 
preparations manifested in different ways such 
as hepatotoxicity, nephrotoxicity, neurotoxicity, 
cardiotoxicity etc. The advantages of the herbal 
treatment are considerable, however, their 
unregulated use can have severe consequences. 
These herbal medicines usually contains potent 
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and bioactive extracts of herbs containing 
complex phytochemistry and pharmacologically 
active ingredients causing varying degree of side 
effects [6]. Secondary metabolites of plants are not 
benign as these has evolved as a part of chemical 
defense mechanism intended to poison, repel, 
stun, or kill other species. Many of the herbal 
preparations have reported to cause hepatitis, but 
identification of particular component causing the 
disease is difficult to identify [7]. Medicinal plants 
have a broad action on physiology of the body 
which sometimes can be adverse [8]. Thus, the 
narrative of plant extracts being safe is misleading 
and signifies the need of intensive research on 
the safety and interaction aspects of plant based 
medicines.

Therefore, it is imperative to conduct the ethno-
toxicological assessment of the medicinal plants, 
herbal medicines or their preparations in order to 
identify potential and possible side effects, optimize 
dosage, identify contamination and separate 
poisonous plants.  The toxicity assessments are 
directed towards separating medicinally valuable 
plants from poisonous plants and develop such 
combinations that are effective and possess no side 
effects or toxicity. Furthermore, standardization and 
quality control is important to control the potential 
contamination and prepare product of highest 
quality and standard. 

The aim of this article is to provide an 
overview and critical evaluation of evidence from 
systematic reviews (SRs) and literature of the 
adverse effects (AEs) associated with the use of 
herbal medicines [9]. It is important to remember 
that it does not attempt to identify or define all AEs 
(Adverse Effects) of HM products: in many cases, 
probable AEs have been implicated but were not 
documented in a SR. Electronic literature searches 
were conducted in February 2019 to identify 
adverse effects of HMs used in any type of clinical 
condition. The following electronic databases were 
used: Google scholar, Cochrane and Pak Medi 
Net. In addition, the problems associated with the 
standardization and quality assurance of herbal 
medicine manufacturing are discussed. 

1.1 Ginger Rhizome (Zingiber officinale)

Ginger  rhizomes  (Zingiber officinale), is a well-

established medicinal plant in the folkloric scriptures 
and used for the treatment of infectious diseases, 
indigestion, arthritis, rheumatism, fever, vomiting, 
hypertension etc. Ginger is used as an  antiemetic 
by 80% of pregnant women to treat  nausea and 
vomiting in the early stages of pregnancy. Mostly 
studies revealed that the powdered ginger does 
not possess any toxic repercussions  and side 
effects [10]. In a clinical trial study conducted on 
concentrated extracts of ginger revealed adverse 
gastrointestinal effects. The 65% of the enrolled 
responders reported eructation, dyspepsia or 
nausea. Diarrhea, heartburn and irritation of mouth 
also reported [11]. Some of the in vitro studies on 
ginger has indicated the inhibition of thromboxane 
synthesis and thereby, retarding platelet aggregation 
and increasing bleeding time [12].  Prolong bleeding 
time has adverse implications in injuries and in 
pregnant women [13]. But certain studies have 
revealed that consumption of ginger in pregnancy 
not only increases the risk of fetal death and 
reabsorption but it also impairs the normal process 
of implantation [14].

1.2 Quina (Cinchona pubescens)

Cinchona is also known as quina and red cinchona. 
It has been used in folk medicines for many uses 
like increasing appetite, improving digestion, 
treatment of bloating and other stomach problems. 
It is also used as antiarrhythmic, appetite stimulant, 
antipyretic and hepatoprotectives [15]. The bark 
of the plant is a rich source for quinine a popular 
antimalarial drug. Therefore, Cinchona pubescens 
is cultivated in tropical regions for the isolation 
of quinine. In spite of being effective in malaria, 
Cinchona bark has an unacceptable risk of toxicity 
resulting from the overdoses of quinine [16]. 
Quinine is linked to various biological side effects 
like allergic reactions, cardiotoxicity, anaemia, 
hypoglycaemia, cinchonism (headaches, visual 
problems, tinnitus, dizziness decrease in hearing 
acuity, diarrhea, nausea). These side effects mostly 
stems from the lack of optimization in dose of the 
quinine [17-19].

1.3 Ajwain (Trachyspermum ammi)

Ajwain (Trachyspermum ammi)  is among the 
widely used and highly valued medicinal plant. It is 
an annual herb and is widely distributed in Pakistan. 
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It has been used in the treatment of digestive 
disorders and possess established antioxidant and 
neuro protective nature [9, 20, 21]. Ajwain is also 
reported to have aphrodisiac and diuretic nature 
[22].   It also owns antispasmodic and carminative 
properties and is used for flatulence, diarrhea, 
digestive stimulant, abdominal tumors, piles, reflux, 
hepato protective, nausea, vomiting, abdominal 
cramps, lack of appetite, hypolipidemic, asthma, 
antitussive and amenorrhea etc. [23-26]. On the 
other hand, toxicity of the plant is also reported. 
The oil of Ajwain was found to be moderately toxic 
[27]. But when it is taken in larger amounts it may 
result in allergic reactions, stomach  ulcers,  and 
liver and heart problems. Ajwain also indicated 
teratogenicity in rat fetuses. Therefore, its intake 
during pregnancy may result in adverse effects [26]. 
Furthermore, there is a risk of bleeding and bruising 
when taken in combination with certain other drugs. 
T. ammi seeds can cause hepatotoxicity when it is 
supplemented with other herbs like Bishop›s weed. 
It can also effect the platelet aggregation when 
taking in combination with herbs like garlic, 
ginkgo, turmeric etc. Headache and nausea are also 
reported due to overdose [28, 29].

1.4 Kinnikinnick (Arctostaphylos uva-ursi)

Arctostaphylos uva-ursi (L.) has gained 
significant importance in traditional medicine 
especially for the treatment of lower urinary tract 
infections[30]. Reports revealed the antimicrobial 
and antiseptic properties which are attributed 
to tannins  and hydroquinones in the plant [31]. 
It is also reported to have significant amount of 
antioxidants [32]. It is also recommended for the 
treatment of dermatitis [33]. Clinical trial studies 
suggested some side effects of using the uva-ursi. 
Gastrointestinal problems are reported in some 
studies. Some researchers have reported dermal 
effects to the prolonged hydroquinone exposure 
found in Arctostaphylos uva-ursi. Blurred vision 
due to bull’s-eye maculopathy is reported due to 
the prolong use of uva-ursi [34] Studies in rats 
indicated nephrotoxicity. [30, 35]. Stone formation 
is also reported after the use of uva-ursi [36]. 

1.5 Chamomile (Matricaria chamomilla L.)

Chamomile (Matricaria chamomilla L.) belongs to 
the family Asteraceae and often referred to as the 

“star among medicinal species”[37]. Its traditional 
uses have been documented in the ancient folkloric 
scriptures. It has been recommended in hysteria, 
flatulence, intermittent fever and colic. It is used as 
antiseptic, anti-inflammatory and antispasmodic. 
Some of the common uses are improving digestion 
and treating diarrhea, hemorrhoids, urinary tract 
problems, oral mucositis, shingles  and painful 
menstruation  [38-40]. Chamomile tea (CT)has 
stress relieving and nerve relaxant properties and 
has been used to remove inflammations, pain and 
to cure rheumatic disease [2, 41]. Conjunctivitis 
due to  the external administration of Chamomile 
tea is reported as pollen of  M. chamomilla   may 
induce allergic reactions [42]. In addition, the use 
of chamomile taken with warfarin caused multiple 
internal hemorrhages [43]. The phytochemical 
nature of the Chamomile can led to various drug 
interactions. Chamomile may increase the effects 
of opioid analgesics that can cause CNS depression 
⁄ sedation [44]. Regular intake of Chamomile can 
alter absorption of other drugs. 

1.6 Ginseng (Panax ginseng) 

Panax ginseng  has been used in  folk medicines 
since 2000 years.   Word “Panax” corresponds to 
“all healing”, which signifies the potential diverse 
therapeutic uses of this wonderful plant [45]. P. 
ginseng possess diverse pharmacological activities 
like being rich in antioxidants, possess anti-aging, 
hypolipidemic, hepatoprotective, anti-fatigue, 
anticancer, homeostasis and antihypertensive 
[46-48]. It is also used to improve the cognitive 
functions and aphrodisiac. It is also used as a 
general tonic for wellbeing.  Ginseng based 
medicines are top selling herbal medicines [47]. 
In one of the study conducted on consumption of 
ginseng in pregnant women revealed increase up 
to 3 folds in gestational diabetes [49]. Moreover 
endocrinological manifestations like mastalgia and 
postmenopausal bleeding are reported with ginseng 
use which stopped after discontinuing the intake of 
ginseng [50]. Tachycardia and hypertension is also 
reported as a potential adverse effect of ginseng use 
[48]. Prolong use of ginseng may cause effects like 
diarrhea, skin eruption, insomnia, sleeplessness, 
nervousness, edema and decreased appetite [51]. 
Drug interactions of ginseng with imatinib in 
a leukemia patient resulting in liver toxicity is 
reported [52]. Potential interaction of ginseng with 
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warfarin is reported [53, 54]. Ginsenosides which 
are the active component of ginseng has the ability 
to inhibited platelet aggregation and therefore not 
recommended for patients undergoing surgical 
treatments [55-57].

1.7 Garlic (Allium sativum)

Commonly known as “garlic”, Allium sativum 
has different uses in food and medicines.  
Pharmacognostic studies reveals diverse properties 
of garlic like antiviral, antimicrobial, anti- 
mutagenic, antihypertensive, anti-platelet, glucose 
lowering, antithrombotic etc. It is also used to treat 
hypercholesterolemia, cardiovascular diseases, 
dementia, hypertension, arteriosclerosis etc [58, 
59]. On the other hand, the consumption of garlic 
can also cause numerous adverse effects. Orthostatic 
circulatory problems, acute myocardial infarction, 
food allergy has been described in some case studies 
as potential adverse effects of garlic [60-62]. Small 
intestinal obstruction, esophageal and epi-gastric 
pain, hematochezia and hematemesis, nausea, 
blotting and other gastrointestinal problems are 
reported [59]. Another case study revealed allergic 
dermatitis in patient who used garlic powder for 
treating hyperlipideamia. Urticaria, Angiedema 
another form of skin and mouth allergies are s 
also reported [63-65]. For pregnant and lactating 
mothers, the consumption of garlic should not exceed 
the doses normally used as in food. doses of garlic 
greatly exceeding amounts used in foods should not 
be taken during pregnancy and lactation [59]. Herb-
drug interactions are common to garlic. Ritonavir an 
antiviral drug can manifest gastrointestinal toxicity, 
when administered with garlic supplements. Other 
antidiabetic and analgesics drugs can also interact 
with the garlic supplements [66, 67]. Mouth burns, 
upset stomach nausea, lightheadedness are some of 
the other concerns after ingestion of high amount 
of garlic [68]. 

1.8 Warmwood (Artemesia absinthium)

In local traditions Artemesia absinthium is used 
as febrifuge, anthelmintic, stomachic antiseptic, 
cardiac stimulant, antispasmodic, improving 
nervous and liver functions. In folkloric literatures, 
it is also described for neurodegenerative and 
ulcerogenic disease, dysentery and cancer [69]. 
Artemesia absinthium is known for the preparation 

of Absinthe (liqueur) that which has been banned 
due to toxic properties, resulting in hallucinations, 
mental disturbances, pyschosis, digestive disorders, 
delirium, vertigo, thirst, dyspepsia, biliary 
dyskinesia and paralysis etc. Their use for lactating 
mothers is strictly prohibited [68].

2.	 STANDARDIZATION & QUALITY 
ASSURANCE OF HERBAL MEDICINES

2.1 Authentication of Raw Material

Authentication of herb by the collector is the 
foremost and important step in the development 
cycle of herbal medicine preparation. Mostly, herbs 
are collected by the local people who actually are 
not trained enough, neither experts in identification 
of plant material. Sometimes, the plant material 
show striking similarities that makes taxonomic 
verification difficult for experts. The quality of 
raw material plays important role in the quality 
of the finished product. The authentication of the 
particular herb should be based on different tiers 
of identification. Authentication cycle should be 
based on verification of plant material on macro 
morphological features, microscopic level and 
molecular level. Therefore, a holistic approach is 
required for the correct identification of medicinal 
plant. Microscopic level identification can be 
performed by studying pollen morphologies 
through high resolution imaging techniques. In 
molecular approaches, DNA barcoding is applied 
as an efficient technique for identification of the 
raw material. DNA barcoding utilizes specific gene 
regions and identify the biological specimen based 
on conserved sequence data.  The commonly used 
DNA markers or regions that are used in DNA 
barcoding are rbcL, matK, trnh-psba, or their 
combination [70, 71]. 

DNA barcoding technique can also be used to 
detect any adulterant plants in the finished product. 
In a recent study, different herbal preparations were 
tested to examine if the finished product contained 
the same herb as prescribed on the product labels. 
The examination revealed that 59% of the herbal 
medicines did not contained the exact herb written 
on the product label [72]. Herbal industries are 
suffering adversely due to the lack of proper 
quality control measures compromising the quality 
of herbal medicines. Product substations and 
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adulations are frequent in herbal industries which 
can be controlled using DNA barcoding. 

2.1.2 Metal & Metalloids Adulterants 
Healing and therapeutic properties of medicinal 
plants and herbs are attributed to their phytochemical 
components and minerals, however, plants may 
not only contain these. Several of non-essential 
minerals, toxic pollutants and heavy metals may be 
present in the plant [44].  Plants usually growing 
on the road sides, and those collected from polluted 
areas tends to accumulate heavy metals and other 
toxic substances. Furthermore, in cases where 
plants are grown in clean environment but the 
water reservoir is polluted with industrial effluents, 
and pesticides have also revealed accumulation 
of such toxic materials, which after ingestion can 
have lethal effects [73-75]. As, Ni, Pb, Al and Cd 
occurring in the environment can accumulate in 
both plants and human organs and are categorized  
as the most common heavy metals causing 
pollution by the Environment Protection Agency 
[76, 77]. In one of the recent article about herbal 
medicine market in Jordan, authors investigated 
herbs species for presentence of different heavy 
metals. Among the assessed plants, Pb (lead) 
was found beyond acceptable limits in one of the 
herb Satureja thymbra, also known as Persian 
thyme [77]. Similarly, there are different reports 
on the detection of pesticides like pendimethalin, 
carbendazim, procymidone, phoxim along with 
banned pesticides herbs chlorpyrifos and aldicarb 
[77]. The presence of such toxic and innocuous 
chemicals can cause server side effects and 
their long term exposure can be deadly. Some of 
these metals like As, Cd, Pbetc can cause cancer, 
poisoning, dermatitis, heart shock, kidney damage, 
osteoporosis etc [78]. Different strategies can be 
applied to overcome contamination like extensive 
clean-up steps, dilution, more selective detection 
techniques.

2.1.3  Microbial Contamination 
One challenging aspects for the herbal industries 
are to meet proper and standardized biosafety 
assessments to check the potential of microbial 
contaminants in its products. Recently, one of the 
herbal manufacturing company (Herbalife®) came 
under the critics when different from different 
regions, there were reports of Herbalife®  associated 
liver injury, initially reported in Israel, and 

afterwards Spain, Switzerland, Iceland, Argentina, 
and the United States [79]. Interestingly, no 
significant contamination with pesticides or heavy 
metals were found out, however, contamination with 
Bacillus subtilis in high amount having potential to 
cause hepatotoxicity was identified. Other reports, 
later on confirmed the presence of heavy metals 
and pathogenic microbes like Streptococcus, 
Escherichia, Acinetobacter, Klebsiella. Both the 
heavy metals and pathogens were identified as a 
cause of liver toxicity resulting from Herbalife® 
products [80-82]. 

2.2 Optimization of Dose & Phytochemistry

The adverse reactions from herbal medicines 
may arise from the particular herb and dosage but 
sometimes the lack of proper standardization of 
herbal medicines. Some medicinal plants if taken 
in lesser amounts can manifest their medicinal 
potential; however, at high doses they become 
poisonous. Symphytum officinale and Corynanthe 
yohimbe which are regarded as medicinal, 
aphrodisiac and dietary supplements can be lethal 
if taken in higher amounts [83]. The optimization 
of the dosage of herbal medicines should be carried 
out through ethno medicinal, pharmacological and 
clinical approaches, under different conditions, 
and on different samples. Some of the adverse 
effects of herbal medicines are reported if there is 
already a preexisting disease in the body. With the 
changing physiology of the body, the response to a 
herbal preparation can be different. Before using a 
medicinal plant preparation one has investigate the 
effective dose, ineffective doseand overdose. 

The therapeutic potential of the medicinal plant 
is due to its phytochemistry which signifies the 
need of a standardized phytochemistry of plants. 
The phytochemistry of a same medicinal plant can 
change significantly with the change in environments 
and in response to different stress. At present, in 
most of the herbal industries, in the developing 
regions the phytochemical standardization of 
a herbal preparation is negligible. Plants are 
collected from different phytogeographical regions 
having a different phytochemical profile, thus 
hereby, compromises the quality of the product. 
Similarly, the phytochemical profiles changes 
with the change in the growing stages of the plant. 
Therefore, there is increasing interest in the tissue 
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culture based approaches like micro propagation 
to cultivate medicinal plants with relatively 
standardized phytochemistry. This also signifies 
the need of understanding the rich phytochemistry 
through efficient analytical techniques like HPLC 
fingerprinting. 

3.	 CONCLUSION

Herbal medicines play a very important part in 
fulfilling the health vacuum since ancient times. A 
massive chunk of human population relies on the 
folkloric traditions for treatment. The narrative of 
herbs being always safe is misleading that signifies 
the need to significant research on the safety and 
efficacy of herbal medicines. It’s difficult to separate 
a medicinal plant from potentially poisonous plants. 
Sometimes, the adverse effects stems from the lack 
of quality control measures. False identification, 
adulteration, heavy metal contamination, herb 
drug interaction are some of the causes of adverse 
effectsand compromises the quality of herbal 
medicines. Research on the standardization 
procedures, pharmacology, drug interactions, 
dose optimization etc. will significantly help in 
reducing the risk with the use of herbal medicines.  
In addition, good manufacturing practices must 
be at the core of any herbal industry. A holistic 
approach is required to tackle the industry related 
issues. Policy measures and stringent laws for the 
registration of herbal medicines can be made so that 
herbal products with unlabeled and uncharacterized 
ingredients, inconsistent standard manufacturing 
can be dealt with.
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