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ABSTRACT

The global use of herbal drugs for liver diseases is on the rise, driven by increasing rates of liver-related
ailments. Despite their widespread use, growing concerns have been raised about the safety and quality
of herbal formulations. The present study assessed Kadukkai Maathirai (KM), a Siddha-based polyherbal
preparation, for potential contamination with heavy metals and microbial agents. Samples of KM procured
from the SKM Company and then analyzed for microbial contamination and for the presence of heavy
metals. The findings depicted that the heavy metals, such as arsenic (As), Cadmium (Cd) and Lead (Pb),
were in permissible limits. Moreover, microbial analysis revealed no detectable growth on culture plates,
indicating the absence of bacterial and fungal contamination in the KM samples. In addition, when the
samples were analysed for Marker compounds, the chebulic acid content in the hydroalcoholic extract was
determined to be 1.13% w/w. The current findings of the study support the safety of KM for therapeutic
use. The herbal medicine standardization and the integration of present analytical tools with traditional
knowledge may enhance therapeutic reliability of the patients using it. Clinical studies are essential to
validate KM's efficacy in liver diseases and support its incorporation into evidence-based medical practice.
Keywords: Heavy metal screening, Siddha herbal tablets, HPLC, Quality assessment.

INTRODUCTION

The origin of herbal medicine was recorded in the
ancient Chinese and Indian civilization around
2100 BC'. Polyherbal medicine is a therapeutic
approach combining multiple medicinal herbs, has
gained significant consideration for their potential
in managing various ailments and diseases. These
preparations are very affordable, user friendly
and perceived as a safer alternate to conventional
pharmaceutical therapies*®. Liver plays key role
in balancing metabolic activity and removal of
xenobiotics from the body, making it highly prone
to damage by various metabolites, metalloids and
toxins*. Polyherbal formulations have been integral
to various traditional medical systems of the globe
to address liver disorders due to their synergistic
effects and multi-targeted mechanisms®”’.

An Indian study reported 26.7% patients diagnosed
with liver disorders wused complementary
and alternative medicine (CAM) approaches
specifically targeting chronic liver conditions.
Among the various CAM modalities, Ayurveda
was the most utilized followed by Naturopathy
and Siddha. Interestingly more than 50% of
patients simultaneously use more than one CAM
system®. The widespread consumption of herbal
and polyherbal products by the patient for various
ailments in recent years has raised significant
concerns pertaining to their safety, quality, and
standardization’. Heavy metal content in herbal
formulations should be minimum as it causes

toxicity when it cumulatively increased in daily
diet. The acceptable limits are typically standardized
based on product type and the regional or national
regulatory standards'’.

The permissible limits of specific heavy metals
herbal medicine in India should align with the
official standards outlined in the Ayurvedic,
Siddha, and Unani (ASU) pharmacopoeias. These
regulatory guidelines specify maximum allowable
concentrations for specific heavy metals to safeguard
the regulatory compliance and consumer safety in
herbal raw materials and end-use products intended
for human therapeutics'.

In another study, while the overall prevalence of
herbal product use in drug-induced hepatic damage
cases varied between 2% to 11%, certain regions
reported higher usage. For instance, Korea and
Singapore observed herbal product usage in 73%
and 71% of DILI cases, respectively’?. However,
India reported a lower prevalence of 1.3%, which
the study attributed to factors like heavy metal
contamination in remedies leading to non-hepatic
organ involvement overshadowing liver-related
issues".

Herbal products are susceptible to microbial
contamination at any stage of preparation and
storage. The detection of microorganisms beyond
permissible limits is often indicative of substandard
product qualityand inadequate handling practices'**.
Permissible limits for microbial contamination in
herbal products vary based on the quality of herb
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and its intended application. WHO recommends specific guidelines for
permissible limits of various fungi and bacterial organisms in herbal
products. Additionally, it must be free of some pathogenic microbial
species’s.

Ayurvedic treatments like Liv-52, which is widely used as liver tonic
are approved and regulated for clinical use in India". In India, Drug
Controller General of India (DCGI) undertake quality and import of
plant based and alternative medicines. These regulatory body defines
the quality control and ensures the Good Manufacturing Practices of
herbal products manufacturing and packing in India. Furthermore, it
retains the authority to revoke the approval of any herbal product found
to exhibit harmful adverse effects. It also adheres to permissible heavy
metals limits for herbals following guidelines instituted by WHO" .

Numerous studies conducted worldwide have focused on evaluating the
contamination levels in herbal products and their ingredients following
the regulatory guidelines. The primary focus of these investigations was
to identify the occurrence of microbial load and various heavy metals
contaminants as these are used in the preparation process of herbal
products. These assessments were undertaken to determine whether
the contamination levels fall within internationally accepted safety
limits?' . A study from Tanzania reported that the levels of Magnesium,
Mn, iron, and Nickel in certain plants exceeded the permissible levels®.
Notably, even when heavy metal levels remain within internationally
accepted thresholds, the potential for bioaccumulation in chronic intake
may still lead to toxicological effects. This raises significant concerns, as
prolonged consumption of such products may pose considerable health
risks to patients consuming it?*?".

The aim of the present study was to estimate the quality of Kadukkai
Maathirai (KM), a Siddha herbal formulation by assessing its
microbial load and heavy metal contamination, which is reputed for
its hepatoprotective properties, used widely among the Tamil Nadu
and Kerala state in India. The outcomes of the current investigation
focus on the status of contamination issues in KM within the Indian
context and may serve as a basis for raising awareness and prompting
regulatory action among relevant authorities.

MATERIALS AND METHODS

Standardization of hydroalcoholic extract of KM using chebulic acid
as a marker compound

Procurement of KM

KM was obtained from SKM, a GMP Company (India) Pvt. Limited.
This was used for all the experiments in this study.

Preparation of sample

A portion of the hydroalcoholic extract, corresponding to 0.1 mg/
mL chebulic acid was taken and added in 40 ml of HPLC-grade hot
water and the procedure of sonicator for 10 minutes to aid dissolution.
After cooling, the volume was adjusted for 100mL using HPLC-grade
water. Further, it was thoroughly mixed and passed via 0.45 um filter
membrane before analysis.

Preparation of standard

A chebulic acid standard solution was prepared by dissolving 10 mg of
chebulic acid in HPLC-grade water and diluting the solution to a final
volume of 100 ml to achieve a concentration of 0.1 mg/ml.

Chromatographic conditions

Chromatographic analysis was performed using Phenomenex Luna
C18(2). The mobile phase comprised of a gradient system comprising
phosphate buffer (pH 2.8) as solvent A, acetonitrile as solvent B, and
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then delivered at a rate of flow at 1.5 ml/min. Of about 20 pL injection
volume was used, and detection was conducted out at 270 nm using a
Ultra Violet detector.

Quantification procedure

A volume of 20 pL from both the sample and standard solutions (each
containing 0.1 mg/ml of chebulic acid) was injected to the HPLC. The
chebulic acid concentration in KM extract was quantified by assessing
the chromatographic retention time and peak area of the test sample to
that of the standard®-°.

Determination of heavy metals

Heavy metals like arsenic, cadmium, lead, and mercury were estimated
in hydro-alcoholic extract of KM by ICP-MS method.

Sample preparation

Accurately weighed 500mg of KM hydroalcoholic extract was treated
with 5 Conc. HNO, and digested using Microwave Accelerated
Reaction System (MARS). After the digestion process was completed
and the vessel was cooled, the digested product was diluted to 400 mL
along with pure water.

ICP-MS analysis

Working standard solutions were prepared by dilution tested in ICP-
MS instrument. System response was monitored and used to construct
a calibration curve. The sample digest was then analyzed under the
same instrumental conditions. Arsenic, mercury, cadmium, and lead
levels were quantified by comparing the sample signal intensities to
those obtained from the calibration standards®*.

Microbial contamination analysis

To assess microbial contamination, 1 ml of sterile normal saline was
placed in a sterile vial and mixed with the hydroalcoholic extract of
KM. The mixture was then inoculated onto blood agar to screen for
bacterial presence and Sabouraud Dextrose Agar (SDA) to detect fungal
contamination. The media for inoculation was incubated at optimum
conditions for 48 hours and subsequently examined for any signs of
microbial growth®.

Phytochemical screening

Phytochemical screening of hydroalcoholic extract of KM was assessed
qualitatively for glycosides, alkaloids, flavonoids, carbohydrates,
proteins, steroids, proteins, saponins and phenols**.

RESULTS

Quantification of chebulic acid

The content of chebulic acid in the hydroalcoholic extract of KM
was quantified as 1.13% w/w, as determined by HPLC analysis. The
chromatographic profiles for the chebulic acid standard and the KM
extract sample are presented in Figure 1 and Figure 2, respectively.

Heavy metal analysis

The levels of all analyzed heavy metals complied with established safety
thresholds as specified by ASU Pharmacopoeia analysed by ICP-MS
method and then results are tabulated in Table 1.

Microbial contamination analysis

The incubated petri plate and test tube were observed for microbial
growth after 48 hours (Figure 3), and no visible growth was seen,
indicating the absence of microbial growth in KM.
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Figure 1. HPLC chromatogram of chebulic acid reference standard
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Figure 2. HPLC chromatogram of KM hydroalcoholic extract showing the chebulic acid peak
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Figure 3. A) Absence of bacterial growth in KM after 48 hours of incubation in Blood agar; B) Absence of fungal growth in KM after 48
hours of incubation in Sabouraud dextrose agar
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Table 1. Heavy metal analysis in KM by ICP-MS

S.No Heavy metals Heavy metals in KM (ppm) ASU Permissible limits (ppm)

1 Arsenic 0.645 <3.0 ppm

2 Cadmium 0.062 <0.3 ppm

4 Lead 1.355 <10.0 ppm

Table 2. Phytochemical screening of KM

SI. No Phytochemicals Screening method Results
Molisch’s test

1 Carbohydrates ¢ I,SC ,S ° +
Fehling’s test

2 Proteins Ninhydrin test +

3 Saponins Frothing test +
Ferric chloride test

4 Phenols +
Lead acetate test

5 Flavonoid Shinoda’s test +

. Liebermann-Burchard’s test

6 Steroid . +
Salkowski test
M ’s test

7 Alkaloids IR . +
Dragendroft’s test
Borntrager’s test

8 Glycosides 8 -

Legals test

+ means presence of the phytochemical, - means absence of the phytochemical

Phytochemical screening

The phytochemical screening of KM has been evaluated and the results
are presented in Table 2.

DISCUSSION

The global reliance on herbal drugs for treating liver diseases highlights
the significance of traditional medicine in modern healthcare®. As
liver-related ailments rise, herbal formulations such as KM are gaining
attention due to their historical use in Siddha medicine. It was also
proved by many pharmacological assessments®”*. However, concerns
regarding contamination and standardization emphasize the need for
rigorous safety assessments.

This study conducted a throughout assessment of KM for heavy metal
and microbial contamination, which are critical parameters influencing
the safety limits of plant-based drugs and its formulations. The detection
of arsenic, cadmium, mercury and lead within permissible limits set
the safety criteria for herbal formulations for human consumption. The
existence of heavy metals in plant based medicinal products continues
to be a subject of global concern and regulatory scrutiny, as excessive
levels can pose significant health risks, including hepatotoxicity
and nephrotoxicity**. KM’s adherence to regulatory safety limits
strengthens its prospects as a reliable and safe therapeutic option.

Microbial contamination is another pivotal concern in herbal drug
safety, given that bacterial and fungal contaminants can lead to severe
infections, particularly in immunocompromised individuals**2. The
absence of microbial growth in KM samples demonstrates stringent
quality control practices and suggests that the production process
effectively eliminates microbial contamination.

Additionally, HPLC quantification of chebulic acid was performed
and it was 1.13% w/w in the hydroalcoholic extract of KM. Chebulic
acid, a bioactive component derived from Terminalia chebula,
is known for hepatoprotective, oxidative stress reduction, and
inflammation control®. The presence of chebulic acid strengthens KM’s
pharmacological relevance and suggests that its therapeutic efficacy
aligns with traditional claims.

Despite these positive findings, constant research efforts are
necessary to evaluate ongoing safety, genotoxicity, bioavailability, and
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pharmacokinetics. Standardization of herbal formulations remains
a challenge, and integrating modern analytical techniques with
traditional knowledge could enhance reproducibility and therapeutic
consistency. Clinical trials assessing KM’s efficacy in liver disorders
would provide more definitive evidence of its medicinal benefit*.

CONCLUSION

This investigation emphasizes the pivotal role of implementing
stringent quality control measures of herbal formulations and
phytopharmaceutical development. The compliance of KM with
established safety standards indicates its promising application in
the treatment of hepatic disorders. The safety assessments, additional
pharmacological investigations, good manufacturing practice, and
toxicity studies are necessary to validate the therapeutic potential and
support its integration into medical practice.
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