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Introduction

Herbal medicines have found extensive use in disease 
treatment, prevention, and management. Due to the immense 
benefits, herbal medicines bring to bear, the majority of the 
world’s population in one way or the other, depending on 
them for various health benefits. According to the world health 
organization report, an estimated 65 to 80% of the world’s 
population relies on traditional (alternative) medicine as their 
primary form of healthcare [1]. A large number of plants are 
being used in medicine for therapeutic purposes in India. Out of 
these, Tinospora species play a pivotal role as a major ingredient in 
several Ayurvedic formulations. The three main Tinospora species  
are commonly available: Tinospora cordifolia, Tinospora crispa  

 
and Tinospora malabarica. Out of these three species, T. cordifolia 
also known as Guduchi/Giloy is widely used in various traditional 
Ayurvedic formulations for several decades.

Tinospora cordifolia- a wonder herbal medicinal plant

T. cordifolia commonly called Guduchi (Giloy) is a natural 
herbaceous creeper belonging to the moonseed family 
Menispermaceae. This plant is very useful in treating several 
diseases like jaundice, skin diseases, gout, diabetes etc. which 
has been established in the history of traditional medicine 
practices for several centuries. In this perspective, T. cordifolia 
is considered a nectar plant and has been called “Amruth” in 
Sanskrit in recognition of its detoxifying, rejuvenating, and 
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immune-boosting properties [2]. The root of T. cordifolia is used 
as a potent emetic and for bowel obstruction. The starch of this 
plant serves as a beneficial household remedy for chronic fever, 
relieves burning sensation, increases energy and appetite. It 
is useful in treating helminthiasis, heart diseases, leprosy, and 
rheumatoid arthritis, supporting the immune system, the body’s 
resistance to infections, and supporting standard white blood 
cell structure, function, and levels [3]. It also helps in digestive 
ailments such as hyperacidity, colitis, worm infestations, loss of 
appetite, abdominal pain, excessive thirst, and vomiting, and 
even liver disorders like hepatitis [4,5].This pharmacological 
activities of the plant is due to its chemical constituents like 
diterpenoid lactones, glycosides, steroids, sesquiterpenoid, 
phenolics, aliphatic compounds, essential oils, a mixture of fatty 
acids, and polysaccharides and is present in a different part of the 
plant body, including root, stem, and whole part [6]. In modern 
medicine, this medicinal has been evaluated and studied more 
profoundly and recently the drug has been implemented to 
mitigate the negative effects of chemotherapy in cancer patients.
Some of the imperative formulations prepared from T. cordifolia 
are: Guduchi taila, Sanjivani vati, Kanta-Kari avaleha, Guduchyadi 
churna, Guloochyadi kashayam, Chyavnaprasha, Guduchu ghrita, 
Guduchi satva, Brihat guduchi taila, Amrita guggulu, amritashtaka 
churna and many more. So, it is clear that T. cordifolia is the 
most important medicinal herb considered by the ancient rishis 
in Vedic times with great potential (medicinal qualities) to cure 
several diseases. 

Recent report on Tinospora cordifolia induced toxicity
A recent study published in the Journal of Clinical and 

Experimental Hepatology reported that the herbal immune 
booster induced liver injury during COVID-19 may arise from 
direct and indirect mechanisms through the metabolites of 
the herb or their interactions with other drugs, including 
contaminants. The researchers reported that the major culprit 
behind this toxicity is T. cordifolia, a key herb commonly used in the 
preparation of herbal immune booster. Further, the consumption 
of T. cordifolia reportedly surged up during the first wave of the 
COVID-19 pandemic [7]. Responding to this report, the ministry 
of AYUSH repelled the claims by supplying substantial data to 
back up the medicinal benefits of T. cordifolia. Moreover, the 
ministry also zeroed in on the case study and discovered that the 
liver injury in six people was due to pre-existing and underlying 
medical conditions. AYUSH also stated that “liver damage would 
be misleading and disastrous as it has been used in Ayurveda 
since long”. The Government of India (GOI) alongside AYUSH also 
condemned the study and arrayed it as a delusive and incompatible 
result which is disparaging India’s indigenous medicinal system. 
In addition to this, GOI highlighted that the researchers have 
made this oblivious presumption by assessing mere 6 candidates 
against the demography of billions, and also alleged that the 
researchers are purportedly trying to make this report prevalent. 
Karousatos [8] also reported that three patients presented with 
acute hepatocellular injury and jaundice after taking Ayurvedic 
supplements for 90–120 days. In this case, the one of the patients 

consumed Giloy Kwath, a drug solely formulated using T. cordifolia 
[8]. 

Tinospora crispa is an herbaceous vine that grows 
extensively in the tropical and subtropical regions of Southeast 
Asia. The decoction from the stem of T. crispa is used to inhibit 
inflammation, decrease thirst, enhance hunger, and cool down 
body temperature as an antipyretic to maintain good health. Since 
T. crispa or its medicinal potential is not mentioned anywhere in 
the classics of Ayurveda, no Ayurvedic drugs are available yet on 
the market based on this formulation. Nonetheless, an increasing 
number of cases revealed that T. crispa might have an attribute 
to induce hepatotoxicity [9,10]. Often deceived by T. crispa for T. 
cordifolia due to its persona and facade (Figure 1), unbeknownst 
to its hepatotoxicity, people tend to consume T. crispa to enhance 
and maintain their liver function. In fact, many studies point out 
that identifying the herb incorrectly could lead to erroneous 
results. As it said earlier, if we are using a similar-looking herb, 
T. crispa instead of T. cordifolia may have a worst impact on liver 
and its functions. Thus, T. crispa may act as a substitution or 
adulteration for T. cordifolia. Considering this, AYUSH ministry 
or APl should stipulate and implement precise Pharmacognostic 
identification of T. cordifolia to avoid the imperilment caused by 
T. crispa. Hence, before labelling T. cordifolia, drug manufacturers 
should ensure the integrity of this drug component by following 
the standard herbal authentication guidelines. In addition to this, 
if any proprietary or patented medicine manufacturers want to 
use T. crispa, they should thoroughly purify and decontaminate it 
by removing the epidermis and warty tubercles (nodules).

Recently, a Cochin-based (Kerala, India) hepatologist/
gastroenterologist published an article in the Elsevier journal 
named Journal of Clinical and Experimental Hepatology about the 
death of a 24-year-old woman who had taken herbal supplements 
from a renowned company. Further, he reported that the 
examination of these herbal supplements revealed the presence 
of heavy metals, bacteria and other toxic compounds. However, 
the drug manufacturer resisted the journal by pointing that the 
original article was deficient in significant stats and data. They 
have also figured out that the researcher applied inappropriate 
analytical methodologies and incomplete investigational protocols 
to achieve this crafty and crooked conclusion. Comprehending 
these rational claims and appreciating the serious flaw, Elsevier 
took extraordinary steps to remove the article from the journal, 
stating that the scientific methodology, analysis and interpretation 
of data underlying the article were insufficient for the conclusion 
drawn by the authors [11]. Adding to this, in an interview with 
a Kerala-based YouTube channel, the aforesaid hepatologist 
reiterated this blanket assertion that liver injuries are common 
in patients who were administered herbs or herbal medicines. 
Unluckily, his interview went viral across the state which ended 
up in deceiving a large-scale community. Unfortunately, the horrid 
thing is, most of his conclusions were drawn based on his studies 
conducted on just one or two patients. Moreover, he is mainly 
targeting herbal medicine that comes under AYUSH systems, and 
his unscientific action has tarnished the image of AYUSH systems. 

Figure 1: 
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Figure 1: Tinospora cordifolia and Tinospora cripa

The conclusion of most of these published articles and 
videos on human toxicity was based on the study conducted on 
a few patients (case studies) which are smearing the credibility 
of Ayurveda, a world-renowned medicinal system that has been 
practicing for several centuries with significant benefits to people. 
Subsequently, suppose anyone want to ascertain the toxicity of any 
drugs, that include herbals, it is mandatory to conduct stringent 
ADR and Pharmacovigilance studies followed by Randomised 
Clinical Trials (RCT). Evidence-based studies on the safety of the 
drug and metaanalysis are also the prerequisites to pronounce 
the claims. All these analyses should be strictly adhered to make 
a resultant conclusion. In fact, rigorous verifications of all these 
claims by the respective researchers and their studies found 
that they have failed to follow the science to achieve a credible 
culmination. Hence, we can figure out that all these case studies 
showcase the contusive behavior of the researchers who are 
relentlessly trying to do nothing but disrepute the traditional 
medicinal system of India. In stark contrast, despite some media 
propagating false news on the side effects of vaccines and certain 
medicines, no one is literally lending their ears to it. We need not 
just unprejudiced researchers but earnest studies that abide valid 
science to manifest such kind of validations. Sadly, some or most 
of the researchers who published the above-mentioned articles 
are keeping a derogatory approach in their minds and trying to 
impose a malicious agenda to disgrace a system for their personal 
welfare. Since Ayurveda lacks systematic and scientific methods 
to avoid misinterpretation of such reports, the implementation of 
Pharmacovigilance in Ayurveda is a need of the hour to address 
this issue and make the system more scientific. 

T. cordifolia induce toxicity as it is well known for 
hepatoprotective property 

There are several scientific reports available for the 
hepatoprotective property of T. cordifolia. Chavan [12] reported 
that T. cordifolia could be used as a liver tonic that can help to restore 
and strengthen liver functions [12]. Another study conducted by 
Sharma and Pandey reported the importance of T. cordifolia stem 
and leaves extract as a possible hepatoprotective effect in Swiss 
albino male mice against lead nitrate-induced toxicity. Their study 
clearly portrayed that T. cordifolia could afford protection against 
lead-induced hepatic damage [13]. In addition to this, Baskaran 
[14] also reported the protective effect of T. cordifolia stem 
methanolic extract on cadmium-induced hepatotoxicity. Cadmium 
pollution is of serious concern due to its toxic effects on humans 
and animals [14]. Recent studies on T. cordifolia have shown that it 
has protective effects against both hepatotoxic and immunotoxin 
consequences from carbon tetrachloride intoxication, and it also 
inhibits hepatocellular carcinoma, induced by diethylnitrosamine 
[15, 16]. Furthermore, T. cordifolia has been reported to effectively 
prevent hepatotoxicity induced by antitubercular drugs in rats 
and humans [17]. Further, the combination of Andrographis 
paniculata (Kalmegha), T. cordifolia (Guduchi), and Solanum 
nigrum (Kakmachi) was effective against paracetamol-induced 
hepatotoxicity [18]. All these studies support the hepatoprotective 
property of T. cordifolia. Then a question will come about how this 
plant can cause liver toxicity? So, before coming to any conclusion 
regarding a plant’s toxicity known for its miracle medicinal 
properties, the authors should conduct various studies like animal 
toxicity, clinical research, etc. to confirm its toxicity. 
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 Various factors affecting heavy metal accumulation in 
the medicinal plants 

The geoclimatic/environmental conditions of the region and 
the modern agricultural practices decide the level of heavy metals 
that could accumulate in medicinal plants. Thus, the primary 
factor affecting heavy metal toxicity is from where the medicinal 
plants are collected. If the medicinal plants are collected from 
an urbanized or industrial area, the chance of heavy metal 
contamination is more. This was supported by the research 
conducted by Barthwal [19], where they reported that lead and 
cadmium were more in the soil of heavy traffic and indusial area 
sites, possibly due to heavy vehicular traffic or industrial activity 
[19]. Plants growing at the roadside may be exposed to high levels 
of metal pollution, especially vehicle emissions and trace content 
in the air. Feng [20] suggested heavy metal from traffic emission 
may accumulate in roadside plants from the soil [20].

Meanwhile, other researchers reported that airborne heavy 
metals could be deposited and absorbed on the leafy part [21,22]. 
Cadmium, copper, and lead may originate from tires, engine oil 
consumption, brake wear, and road surface material [23-25]. 
Heavy metals from traffic activities could accumulate in the soil 
before being absorbed by plant roots. Since heavy metals are 
resistant and stay in the plant for a long time [26], they may be 
transferred to humans via the food chain [27]. This may be due 
to different anthropogenic factors such as industrial activities, 
population and settlement patterns, and differences in traffic 
density. The levels also depend on the soil concentrations of those 
heavy metals that are available naturally. Furthermore, heavy 
metal concentrations in roadside plants were higher than those 
in the same plant species from the uncontaminated area. This 
indicates that human activities (traffic) do influence the metal 
concentration in the plants. Perhaps high-metal concentrations 
were found at those sampling sites where human activities are 
more intense [28,29]. So, proper processing and standardization 
are critical to removing the heavy metals from the raw materials 
collected from contaminated areas. Therefore, the world health 
organization recommends that medicinal plants, which form the 
raw materials for most herbal remedies, should be checked for 
the presence of heavy metals. The maximum permissible limit of 
heavy metal as per API is mercury (1 ppm), cadmium (0.3 ppm), 
lead (10 ppm) and arsenic (3 ppm).

Scientific proof of heavy metal absorption by T. 
cordifolia 

Several scientific reports are available to substantiate that 
T. cordifolia will absorb the heavy metals from the soil and 
store them in its parts. Sahu [29] reported that T. cordifolia is a 
biosorbent used for removing cadmium ions from industrial 
effluents [30]. Another study conducted by Vyas [30] reported that 
T. cordifolia effectively removes lead, iron, phosphate, and arsenic 
from water [31]. In the case of T. Cordifolia, the heavy metals will 
be accumulated in the warty tubercles seen on the stems. These 

warty tubercles were absent in the early growth stages of T. 
cordifolia. When it grows older, the warty tubercles will develop 
due to these plants’ absorption and accumulation of heavy metals. 
So, suppose these warty tubercles are not removed during the 
preparation of Ayurvedic formulations. In that case, the heavy 
metals accumulated in the warty tubercles will contaminate the 
formulations and lead to toxicity. Thus, continuous use of heavy 
metals contaminated Ayurvedic drugs may lead to multiple health 
hazards in humans, predominantly renal and hepatic toxicity. 

How to prepare clean and decontaminate T. Cordifolia - 
need of a standardized uniform procedure

Non-availability of standard references and lack of Standard 
Manufacturing Procedures (SMPs) are the prime causes of non-
uniformity in production. Standardization implies applying 
suitable methods and processes by which optimal conditions 
are ensured for obtaining predictable results and products 
that conform to a specific set of standards in terms of quality, 
purity, stability, and safety. Hence, to maintain the uniformity 
of production at the market label, the study was undertaken to 
validate that the technical manufacturing process is compliant 
with traditional principles. Satwa is the essence of the material 
or drug. About the Satwa of an herbal medication is a water-
extractable solid substance. Plants with the medicinal value 
present in their starchy parts are subjected to a unique method to 
extract the same. It is an important Kalpana (preparation) among 
the other pharmaceutical processes used in the general practice of 
Ayurveda. Nimajjana (sinking/dipping), Manthana (churning or 
rubbing) and Sosana (drying) are the Samskaras, in which Toya & 
Agni sarnikarsa (water & heat treatment) are the specific methods 
of pharmaceutical process or techniques that modify the natural 
product into a potent dosage form which is easily absorbable in 
the biological system [32].

Heavy metal contamination and its associated problems 
in the pharmaceutical industry.

Medicinal plants have been cited as a potential source of 
heavy metal toxicity to both man and animals. The most common 
heavy metals implicated in human toxicity include lead, mercury, 
arsenic, and cadmium, although aluminum and cobalt may 
also cause toxicity. The contamination of heavy metals in the 
Ayurvedic plants is a major constraint to the pharmaceutical 
manufacturers to maintain stringent quality and broader safety 
profile and deliver standard and safe contaminant free finished 
products to the consumers. Ultimately, it is becoming a severe 
health-related social problem leading to several illnesses and 
serious diseases like kidney, liver damage, and cancer. The 
contamination process increases throughout the journey of crude 
drugs from agriculture sites to pharmaceutical industries. Lack of 
proper quality assurance and quality control mechanism allows 
all these contaminated crude drugs to enter into the production 
system and carries all this contaminant to finished products and 
ultimately to the consumers. The controlling of entrapment of 
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contaminants from agricultural site to industry is not an easy job 
and it needs coordination and control from both governmental 
and individual sides, and it is a distant goal in the current scenario

Conclusion

Contamination in herbal medicines is well demonstrated 
and clearly poses a serious potential risk to health. The analysis 
of toxic metals in the raw material is absolutely necessary 
before going for formulation. Hence, we have already started 
a study to verify the presence of heavy metals in the Tinospora 
species collected from various locations. The preliminary results 
clearly showed that Tinospora species collected from urban areas 
contain much more heavy metals than those collected from rural 
areas. Further, before reporting the toxicity of any herbal drug, 
it is absolutely necessary to conduct a systematic and scientific 
study to avoid misinterpretation about the outcome of the study. 
Therefore, AYUSH should strictly control and implement quality 
assurance /quality control procedures in raw material handling 
and processing until converting them into quality finished goods 
to avoid unnecessary disparagement of the ayurvedic products. 
Further, before reporting the toxicity of any herbal drug, it is 
mandatory to conduct a systematic and scientific study to avoid 
misinterpretation about the outcome of the study. Since Ayurveda 
lacks systematic and scientific methods to avoid misinterpretation 
of such reports, the implementation of Pharmacovigilance in 
Ayurveda is a need of the hour to address this issue and make the 
system more scientific.
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