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Abstract

Objectives: The objective of this investigation was to assess the subacute oral toxicity of the Pankajakasthuri Orthoherb
Tablets, a polyherbal formulation used to manage pain and inflammation due to various pathological reasons, including
osteoarthrosis, polyarthritis, rheumatoid arthritis, and other chronic degenerative disorders.

Materials and Methods: The subacute toxicity studies of Pankajakasthuri Orthoherb Tablets were conducted using Wistar
albino rats of both sexes, according to Organization for Economic Cooperation and Development-approved procedures.
In this study, rats were orally administered Pankajakasthuri Orthoherb Tablets daily at doses of 250, 500, and 1000 mg/kg
body weight for 28 days. Throughout the study period, general behavior, mortality, and adverse effects were recorded. Body
weight, selected hematological and clinical chemistry parameters were determined at the end of the investigation period.
Finally, histopathological analysis was performed to determine whether the study drug was inducing any alternations in the
vital organs.

Results: Daily administration of Pankajakasthuri Orthoherb Tablets for a continuous 28 days did not record any major
toxicity indications. Additionally, no significant variation in food and water consumption, body weight, relative organs and
hematology and clinical chemistry parameters was recorded in both sexes compared to the control. Histopathological
investigation of the vital organs also revealed normal architecture, which suggests no morphological alterations after the
administration of Pankajakasthuri Orthoherb Tablets.

Conclusion: The outcomes of this investigation confirmed that Pankajakasthuri Orthoherb Tablets did not have the potential
to induce toxicity signs in the experimental rats. The No observed Adverse Effect Level (NOAEL) for female and male rats of
Pankajakasthuri Orthoherb Tablets under these experimental conditions was 500 mg/kg body weight. Based on the NOAEL,
the human equivalent dose of the Pankajakasthuri Orthoherb Tablet was calculated at 5.195 g/day.
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Introduction

'Pankajakasthuri Herbal India Pvt. Ltd., Poovachal, Thiruvananthapuram,
Kerala, India

POlyherbal formulations have gamed widespread acceptance 2Department of Kayachikitsa, Pankajakasthuri Ayurveda Medical College &

and popularity in the treatment of various diseases and
disorders due to their provenance and the fact that polyherbals
possess some benefits not found in a single herb. Even if a
herbal medicine is safe or low toxic for short-term use,
repeated or long-term use may cause some adverse side
effects. Furthermore, different polyherbal formulations have
earlier been reported to cause several adverse effects, which
include hematological and biochemical toxicity, organ
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toxicity, and teratogenicity (Roome et al., 2021; Teshome et
al.,, 2021; Ugwah-Oguejiofor et al., 2019). As a result,
toxicological studies at the preclinical stage are a required
step for every industrialized drug in the pharmaceutical
industry. When conducted in a suitable animal model, these
studies allow for the identification of drugs’ toxic potential.
Toxicological investigations include acute, subacute, and
chronic drug exposure, and they provide scientific evidence
of the drug’s safety spectrum as well as the drug’s toxic
response to specific organs of the body (Parasuraman, 2011).
The laboratory animals used in these studies are typically low
cost, simple to care for and produce accurate and reliable
results. The usage of herbal medicines among people is
increasing in most countries every year, owing to the mistaken
belief that ayurvedic preparations are free of side effects,
despite cases reported in Pharmacovigilance (Leenaars et al.,
2019). To ensure the safety of medicinal herbs within a
scientific framework before they are used as therapeutics,
toxicity studies are essential.

Pankajakasthuri Orthoherb Tablets, a polyherbal Ayurvedic
formulation, was formulated by Herbals India Pvt. Ltd. This
tablet was proven to have a major role in managing the pain
and inflammation in joints due to osteoarthritis, polyarthritis,
rheumatoid arthritis, and other chronic degenerative disorders.
This polyherbal formulation contains active herbal ingredients
like Ricinus communis, Adathoda vasica, Aegle marmelos,
Azadirachta indica, Sida retusa, Tragia involucrata, Abrus
precatorius, Cyclea peltata, Scoparia dulcis, etc. A clinical
trial of Pankajakasthuri Orthoherb Tablets revealed a
significant role in joint pain and inflammation management.
Continuous, long-term administration of this formulation is
required to manage the pain and inflammation associated
with joints and this may raise questions regarding the safety
profile. Despite the presence of several therapeutically
beneficial secondary metabolites, plants contain a number of
toxic phytochemical constituents. Continuous use of these
plant-based therapeutic agents in humans may result in
chronic adverse/toxic effects, primarily renal and hepatic
toxicities. Emerging evidence suggests that taking certain
plant remedies used in traditional medicine on a regular basis
may have negative effects, particularly at higher doses than
the therapeutic dose (Liyanagamage et al., 2020). As a result,
the current study aims to assess the toxicity profile of this
polyherbal formulation in Wistar albino rats. This study’s
findings may fill a gap in the literature regarding the long-
term safety profile of this herbal product.

Materials and Methods

Reagents and Chemicals

For this study, ethanol (99.9%) was purchased from Sigma
Aldrich Ltd., India. Ethylene diamine tetra acetic acid (EDTA)
was obtained from Thermo Fisher Scientific India Pvt. Ltd.,

Mumbai, India. The other chemicals and reagents used in this
study were all of analytical grade.

The Study Drug: Pankajakasthuri Orthoherb
Tablets

The study drug is Pankajakasthuri Orthoherb Tablets (500
mg), a polyherbal Ayurvedic preparation in tablet form for
oral usage. Pankajakasthuri Herbals India Pvt. Ltd.
(Poovachal, Thiruvananthapuram, Kerala, India), a GMP-
approved company, manufactured this tablet.

Animals

Sixty healthy Wistar albino rats (30 males and 30 females)
were obtained from the CARe KERALAM Ltd. in-house
breeding centre of the small animal house laboratory. The
study strictly followed laboratory animal care rules and prior
approval was obtained from the IAEC of CARe KERALAM
Ltd. for performing the experiments (Study No: CKL/TOX/
IAEC/2021-3/164).

Subacute Toxicity Studies of Pankajakasthuri
Orthoherb Tablets

A subacute toxicity investigation of the Pankajakasthuri
Orthoherb Tablet was carried out on Wistar albino rats strictly
based on the procedures depicted in OECD Guidelines 407
(OECD, 2008).

Grouping of Animals for the Subacute Toxicity
Study and Dosing Regimen

For the current study, 60 healthy Wistar albino rats, aged
8—10 weeks, with average body weights of 200—280 g for
males and 155—205 g for females, were used. These rats were
allocated into six groups (five/sex/group) based on body
weight categorization and randomization (Table 1). The rats
were grouped so that the average body weight variation did
not surpass 25% of the mean body weight of each sex.
Throughout the study period, all rats were allowed to access
food and water freely until the day before scheduled euthanasia.

Observations of Various In-Life Clinical Parameters

Throughout the study period, the mortality of the rats was
observed twice every day. The observation of clinical signs in
the rats of both control and treatment groups was recorded
during the time of drug administration and in the open field
on the 0, 7t 14t 21st and 28™ day. Rats from the satellite
group were noted further on the 35% and 42" days after the
initiation of the study. The major clinical signs noted were
variations in sensory organs (skin, eyes, and nose), secretion
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Table I. Animal Grouping for the Experiment.

No. of Rats

S.No. Group Dose No. of Rats/ Group Male Female

| Control Single daily dose of distilled water (vehicle) | mL/100 g 10 5 5
body weight, orally.

2 Control Recovery Single daily dose of distilled water (vehicle) | mL/100 g 10 5 5
body weight, orally.

3 Low dose Single daily dose Pankajakasthuri Orthoherb Tablet 10 5 5
(250 mg/kg body weight), orally.

4 Mid dose Single daily dose of Pankajakasthuri Orthoherb Tablet 10 5 5
(500 mg/kg body weight), orally.

5 High Dose Single daily dose of Pankajakasthuri Orthoherb Tablet 10 5 5
(1000 mg/kg body weight), orally.

6 High Dose Recovery  Single daily dose of Pankajakasthuri Orthoherb Tablet 10 5 5

(1000 mg/kg body weight), orally.

of the body, autonomic activities (respiratory rate, pupil size,
and piloerections), walking pattern, muscle tremors and other
behaviors, and so on (Anderson & Meade, 2014).

Body Weights

Before the initiation of the investigation, the body weight of
each rat was recorded. Subsequently, body weight was
recorded at weekly intervals until the termination of the study.

Consumption of Food and Water

The consumption of weekly food and water by the rats was
noted by calculating the disparity between offered and left-
over food and water in subsequent weeks.

Hematology Analysis

After finishing the treatment period, that is, on the 28" day and
42nd day (recovery group), rats fasted overnight and the blood
samples were carefully collected by cardiac puncture with EDTA
anticoagulant to determine the following hematological
parameters according to good laboratory practices by the Medonic
M series hematology analyzer. The following hematological
parameters were examined: hemoglobin (Hb), leukocyte count
(total WBC), erythrocyte count (total RBC) and platelet count.

Serum Analysis

The serum was collected by centrifuging the blood samples
(without anticoagulant) at 1500% g for 10 min. Thus, the
obtained serum was stored at —20°C for further investigation.
Total protein (TP) and albumin, glucose, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
alkaline phosphatase (ALP), total cholesterol, triglycerides
(TGs), bilirubin (total and direct), urea, and creatinine. These

parameters were evaluated using a Vital Scientific — Selectra
Junior and standard diagnostic test kits (Quality Labs).

Histopathological Observation

On the 29" day, a necropsy was performed on both the control
and treatment groups, whereas in the satellite groups, this was
performed on the 43 day. Following blood collection, rats
were sacrificed via cervical dislocation, and vital organs
including the liver, lungs, kidney, heart, spleen, and brain were
removed. The organs were meticulously cleaned to remove the
fat content and blotted with clean tissue paper to remove the
water content. Following that, the weight of the organs was
recorded using a digital balance. The relative organ’s weight
(ROW) was calculated and recorded in proportion to the body
weight based on the following equation:

Absolute organ weight (g) 1

ROW = 00

Body weight at sacrifice (g)

The tissue section obtained from the vital organs was
subjected to histopathological analysis. First, the tissue was
fixed in 10% buffered formalin, followed by habitual
processing, and then embedded in paraffin wax. With the
assistance of an experienced pathologist, paraffin sections
(5 pm) were cut on glass slides and stained with hematoxylin
and eosin. The slides were observed under a light microscope
(Nikon E50i, Nikon Corporation, Japan), as mentioned
elsewhere, to determine the toxicity signs.

Statistical Analysis

The data on body weight, food intake, water intake,
hematology, and clinical chemistry generated from the
present study were subjected to computer statistical analysis
using GraphPad Prism software, Version 5.00, USA, 2007.
A one-way analysis of variance (ANOVA) was executed for
the treatment groups and compared with the data of the
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Figure |. Effect of Pankajakasthuri Orthoherb Tablets on Percentage Body Weight Gain in Subacute Toxicity Study.
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Table 2. Average Weekly Food Consumption (g) of Rats During the Treatment and Recovery Period.

Week
Male

Groups | 2 3 4 5 6
Group | 21.31 ++0.52 21.14 + + 046 21.86 +0.55 21.43 +0.48 - -
Group 2 18.88 + 0.58 18.57 + 0.56 20.43 + 0.63 20.71 +0.55 20.857 + 0.58 20.71 + 0.62
Group 3 18.43 + 0.53 17.71 + 0.66 17.29 + 0.52 15.71 + 0.51 - -
Group 4 19.14 + 0.48 18.57 + 0.44 18.71 + 0.66 1743 + 0.48 - -
Group 5 14.86 + 0.56 15.86 + 0.52 16.14 + 0.55 15.00 + 0.58 - -
Group 6 16.27 + 0.65 16.28 + 0.59 16.00 + 0.67 16.00 + 0.53 20.57 + 0.61 22.14 + 0.69

Female
Group | 15.42 + 0.69 14.87 + 0.56 14.26 + 0.51 14.57 + 0.48 - -
Group 2 16.57 + 0.70 14.86 + 0.56 15.29 + 0.61 16.14 + 0.618 16.43 + 0.56 16.43 + 0.56
Group 3 15.43 + 0.56 14.57 + 0.429 14.14 + 0.48 13.43 + 0.53 - -
Group 4 15.57 + 0.36 13.86 + 0.55 12.86 + 0.47 13.57 + 0.6 - -
Group 5 12.00 + 0.42 1243 + 0.43 12.86 + 0.47 12.00 + 0.47 - -
Group 6 12.14 + 0.47 I11.71 + 0.407 12.14 + 0.47 11.71 + 0.41 12.86 + 0.42 13.57 + 0.53
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control group. All analyses and comparisons were assessed
at a 5% significance level.

Results

Clinical Observation

After the administration of the Pankajakasthuri Orthoherb
Tablets, the rats were subjected to general observations on a
daily basis. All the rats were subjected to clinical observation,
which was conducted outside the cage. Individual rats were
observed 30 min after the study drug was administered, then
every 24 h and then daily until the study was completed. In
the present study, none of the rats recorded any observable
toxicity signs, such as variations in skin and fur, eyes or
mucus membranes, when compared with the control. In
addition to this, the rats did not record any behavioral changes,
including respiratory function, tremors, convulsions,
salivation, diarrhea, lethargy, sleep or coma, until the
termination of the experiment.

Furthermore, in this study, no mortality occurred in the
rats administered orally with Pankajakasthuri Orthoherb
Tablets daily for 28 days at doses of 250 mg/kg, 500 mg/kg,
and 1000 mg/kg body weight.

Body Weights and Body Weight Changes

The effect of Pankajakasthuri Orthoherb Tablets on the mean
body weight of the experimental rats in all treatment groups
is provided in Figure 1. From the outcomes, it was clear that
a steady upsurge in the mean body weight was recorded in
both the control and treated groups during the 28-day study

Table 3. Hematological Values of Rats in Subacute Toxicity.

period. In addition to this, no statistical difference in the mean
body weight was recorded for rats in the drug-treated as well
as the control groups (p > 0.05). At the end of 7, 14, 21, and
28 days, there was no noteworthy difference in the percentage
of body weight gain between the treated group and the control
group.

During the entire study period, no variation in the weekly
food consumption of drug treated and control group rats was
recorded (p > 0.05) (Table 2). No noteworthy decrease in
food consumption was recorded in the drug-treated, control,
or satellite groups. Throughout the study period, the water
consumption of rats in all treated groups was comparable
with that of control groups.

Effect of Pankajakasthuri Orthoherb Tablets on
Hematological Parameters

The consequence of Pankajakasthuri Orthoherb Tablets on
hematological values (Table 3) of the treatment and control
groups recorded that all the hematological values remained
within the physiological range during the 28-day treatment
period.

Outcome of Pankajakasthuri Orthoherb Tablets
on Serum Marker Enzymes

The outcome of serum biochemistry studies (Table 4)
displayed that there was no noteworthy variation in the levels
of serum glucose, ALT, AST, and ALP in both male and
female rats treated with the study drug when compared to the
control group.

Groups WABC (108 cells/pL) Hb (g/dL) RBC (103 cells/pL) PT (103 cells/pL)
Male
Group | 7.78 £ 0.377 14.48 + 0.628 7.356 £ 0314 839.6 £ 49.193
Group 2 7.1 £0.703 4.1 £0.1 7.268 = 0.086 728.4 £ 39.881
Group 3 7.28 £ 0.391 13.02 + 0.92 6.518 £ 0.495 942.8 + 24.450
Group 4 10.8 + 1.207 14.3 + 0.054 7.18 £0.03 942.8 + 24.450
Group 5 82+ 116l 14.68 + 0.203 7.388 £ 0.03 777.6 £ 28414
Group 6 7.0 £0.722 14.46 + 0.06 7.268 £ 0.012 863.00 + 31.925
Female
Group | 7.04 + .59 14.1 £0.266 6.882 £ 0.114 747.4 + 48.133
Group 2 4.16 £ 0.414 13.38 + 0.274 6.572 £ 0.19 911.6 £27.303
Group 3 6.98 £ 0.522 13.72 £ 0.257 6.814 £ 0.137 919.4 + 43.397
Group 4 4.5+ 0.428 13.86 + 0.189 6.83 £ 0.09 795.2 £ 39.637
Group 5 3.36 £ 0.359 14.14 £ 0.271 6.91 £0.155 861.4 = 33.295
Group 6 4.78 £ 0.299 13.6 £ 0.164 6.604 = 0.146 927.00 = 31.92
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Table 4. Serum Biochemistry Parameters of Rats.

Bili- Bili-
Glu- Albu-  rubin  rubin Cre- Uric
Groups  cose TC TG HDL SGOT SGPT ALP TP min Total Direct Urea  atine  Acid
Male

Group | 1029+ 14086 6594+ 41.6+ 1655 567% 30198 829+ 474+ 032+ 02 3964 038z 3.16%
[1.65 =1459 1011 1289 +3.03 273 £453 043 025 0.03 0.00 1.30 0.0l 0.26

Group2 106.74 11446 6086+ 2754 163.1 6504+ 28642 82+ 454+ 04+ 0.18% 4082+ 042+ 335%
+975 +544 438 +701 £784 271 136 035 0.15 0.05 0.02 1.53 0.00 0.13

Group 3 103.08 12456 66.14+ 21.42 16854 6566+ 29446 788+ 504+ 038+ 0.14% 4632+ 041+ 292+
138 £1195 347 £24]1 £43l 1.51 130 049 0.3l 0.02 0.02 1.39 0.04 0.26

Group4 131.46 121.06 53.04+ 2176 167.00 6056+ 289.82 798+ 502+ 032+ O0.14% 4814+ 048+ 334+
591 =*6.8lI .71  +265 +£677 303 +172 008 0.09 0.02 0.02 0.79 0.03 0.48

Group5 11924 1l16.12 521+ 2436 16528 7636+ 283.08 776+ 502+ 038+ O0.14%+ 4954+ 044+ 318+
£957 1167 605 +£278 +857 104 126 026 0.16 0.02 0.02 4.34 0.05 0.37

Group 6 13876 11562 61.02+ 23.04 167.66 83.1205 27556 7528 48+ 036+ 0.12+ 4836+ 041+ 30=
+185 *£656 559 +1.85 +448 +13. +£02 0.08 0.02 0.02 1.96 0.03 0.05

Female

Group | 126.18 1358+ 9244+ 6044 13664 53.08+ 27684 8356 48+ 032% 016+ 3646+ 037+ 389+
+9.66 1031 682 +621 418 227 +102 =06 029 0.04 0.02 3.62 0.03 0.72

Group2 90.68+ 10932 47.1+ 39.1+ 14426 50.08+ 2863 657+ 4.8+ 032+ 016+ 3586+ 046+ 293+
1095 +745 448 699 +574 46l +4.19 057 0.17 0.06 0.02 2.26 0.02 0.25

Group 3 113.28 13924 638+ 375+ 14274 575 2739 801+ 514+ 042+ 0.1+ 5400+ 038+ 294+
£202 *1573 8.67 427 +£558 3.06 * 039 0.18 0.03 0.00 7.02 0.04 0.52

17.05

Group4 124.12 1298+ 50.54+ 31.6+ 140.62 5598+ 24432 799+ 51+ 04+ 0.4+ 425+ 044+ 292+
£923 1216 1.99 400 £59%4 143 £11.5 010 0.08 0.04 0.02 2.18 0.02 0.22

Group 5 1242+ 11876 4764+ 3406 16372 4778+ 27546 763+ 496+ 026+ 0.14+ 4252+ 042+ 307%
7658 £1127 159 £329 £466 478 +124 024 0.10 0.05 0.02 1.85 0.02 0.24

Group 6 153.7+ 131.12 485% 2992 14806 5682+ 25598 766+ 478+ 032+ 0.12+ 4988x 037+ 296+
1043 +£553 256 +£289 *507 476 =104 005 0.10 0.02 0.02 4.32 0.02 0.31

Abbreviations: ALP, alkaline phosphatase; HDL, high-density lipids; TG, triglycerides; TC, total cholesterol; SGPT, serum glutamic-pyruvic transaminase;

SGOT, serum glutamic-oxaloacetic transaminase; TP, total protein.

Outcome of Pankajakasthuri Orthoherb Tablets
on Serum Albumin, Urea, Uric Acid, Creatinine,
and Total Protein

The outcome of the use of Pankajakasthuri Orthoherb Tablets
on serum total protein, albumin, urea, and creatinine is shown
in Table 4. The rats administered with various doses of
Pankajakasthuri Orthoherb Tablets did not record any
significant difference in the levels of serum total protein,
albumin, serum urea, and creatinine in both sexes when
compared to the control group.

The Outcome of Pankajakasthuri Orthoherb
Tablets on the Lipid Profile

The outcomes of Pankajakasthuri Orthoherb Tablets on the
levels of serum TG and TC are shown in Table 4. A substantial
decrease in serum TG levels was recorded in the rats
administered with Pankajakasthuri Orthoherb tablets when

compared to the control group. Furthermore, no significant
variation in serum TC was recorded in the rats treated with
Pankajakasthuri Orthoherb Tablets at all test doses when
compared to their respective control groups.

Outcome of Pankajakasthuri Orthoherb Tablets
Serum Electrolytes Level
The analysis of serum electrolytes after treatment with

Pankajakasthuri Orthoherb Tablets did not show any
difference between the treatment and control groups (Table 5).

Effect of Pankajakasthuri Orthoherb Tablets on
Relative Organ Weight
After the study period, we meticulously conducted a

macroscopic examination, which comprises the observation
of body systems (gastrointestinal, respiratory, excretory, and
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Table 5. Serum Electrolytes Level of Rats.

Groups Sodium Potassium Calcium Chloride
Male
Group | 171.94 + 5.59 4.82+0.124 5.532 £ 0.641 10334+ 1.6
Group 2 187.56 + 1.637 4.6 £0.167 8.078 + 0.27 102.14 + 3.045
Group 3 187.72 + 1.994 5.06 £ 0.102 6.476 + 0.708 106.52 + 1.148
Group 4 186.18 + 2.71 496 £ 0.112 6.954 £ 0.512 106.24 + 0.971
Group 5 190.12 + 3.601 5.32 £ 0.146 7.888 + 0.398 108.82 + 0.932
Group 6 190.46 + 2.41 1 5.32 £ 0.324 4.642+0.119 107.76 + 1.376
Female
Group | 181.88 + 4.254 524+ 0413 6.846 + 0.605 106.44 + 1.227
Group 2 199.52 + 4.24 5.14+0.12 8.078 + 1.007 108.44 + 1.51
Group 3 186.78 + 2.936 4.7 £ 0.054 6.216 £ 0.742 108.26 + 1.485
Group 4 187.72 + 1.362 4.98 + 0.226 6.6 £ 0.646 107.78 + 1.803
Group 5 188.4 + 4.021 49 +0.164 5.6 £ 0.606 107.44 + .17
Group 6 189 +2.767 4.68 +0.198 4612+0.119 107.98 + 1.275
Brain  Lungs Kidney Heart Liver Spleen

Control-Male

Control-Female

High dose-Female |

Figure 2. Photograph of Major Organs from the Subacute Toxicity Study.

reproductive) and organs (lungs, brain, pancreas, sciatic
nerve, skeletal muscles, adrenal gland, heart, liver, and
spleen). In the present study, macroscopic examination after
treatment with Pankajakasthuri Orthoherb Tablets recorded
no major alteration in the gross anatomical structures of major
organs of both male and female rats as compared to control
group rats (Figure 2). Furthermore, rats in the satellite group
also noted no major changes in the anatomical features of the
major organs.

No significant decrease in relative organ weights was
recorded in the treatment or control groups (Tables 6 and 7).

Histopathological Analysis

A histopathological investigation was conducted to verify the
structural variations that occurred due to the treatment with
the study drug. No gross pathological lesions were observed
in the liver, kidney, heart, brain, and spleen of rats treated
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Table 6. Absolute and Relative Organ Weight of Male Rats.

Absolute Organ Groups
Weight (g) [ 2 3 4 5 6
Liver 10.14 + 0.35 8.77 £ 0.41 870+ 0.22 9.89 +£0.19 8.06 + 0.27 9.57 £ 0.56
Right Kidney 1.17 £ 0.05 1.09 + 0.03 1.12 £ 0.0l 1.18 + 0.02 1.01 £ 0.02 1.19 £ 0.05
Left Kidney 1.12 £ 0.03 1.05 + 0.04 124 £ 0.12 1.14 £ 0.02 1.00 + 0.02 I.14 £ 0.05
Spleen 0.52 + 0.04 0.48 + 0.03 0.45 + 0.03 0.49 + 0.03 0.48 £ 0.02 0.45 + 0.03
Heart 1.0l £0.05 1.07 £ 0.21 0.97 £ 0.02 1.03 £ 0.0l 0.95 + 0.03 1.05 + 0.05
Lungs .51 £0.13 1.57 £ 0.09 1.45 + 0.04 1.55 + 0.05 1.57 £ 0.12 1.66 £ 0.09
Brain 1.46 + 0.05 1.34 £ 0.05 1.54 + 0.06 1.59 + 0.03 1.39 + 0.02 1.38 £ 0.03
Relative Organ Groups
Weight (g/100g) [ 2 3 4 5 6
Liver 3.66 £ 0.16 3.09+0.16 3.19 £ 0.05 3.68£0.10 291 £0.11 325+0.14
Kidney 0.83 + 0.04 0.75 £ 0.02 0.87 £ 0.03 0.86 + 0.03 0.73 £ 0.04 0.79 + 0.02
Spleen 0.19 £ 0.01 0.17 £ 0.01 0.17 £ 0.01 0.18 £ 0.01 0.17 £ 0.01 0.15 + 0.0l
Heart 0.37 £ 0.02 0.38 £ 0.07 0.36 £ 0.01 0.38 £ 0.01 0.34 £ 0.01 0.36 + 0.02
Lungs 0.54 + 0.04 0.55 +0.03 0.53 +£0.02 0.58 + 0.02 0.56 £ 0.03 0.57 +0.03
Brain 0.53 + 0.03 0.47 £ 0.01 0.56 + 0.02 0.59 + 0.02 0.51 £0.02 0.47 £+ 0.02
Table 7. Absolute and Relative Organ Weight of Female Rats.
Absolute Organ Groups
weight (g) | 2 4 5 6
Liver 6.34 £ 0.68 6.35+0.53 6.40 £ 0.23 5.68 + 0.25 6.50 + 0.26 5.69 + 0.24
Right Kidney 0.72 £ 0.07 0.78 + 0.04 0.83 £ 0.03 0.71 £0.03 0.76 £ 0.03 0.68 + 0.05
Left Kidney 0.67 + 0.07 0.73 £ 0.03 0.78 + 0.04 0.70 £ 0.03 0.70 + 0.02 0.64 + 0.04
Spleen 0.37 £ 0.03 0.41 + 0.05 0.43 +0.01 0.38 £ 0.01 0.43 + 0.0l 0.32 + 0.04
Heart 0.66 + 0.07 0.68 + 0.08 0.73 £ 0.03 0.68 + 0.04 0.68 + 0.04 0.72 + 0.05
Lungs 1.32 + 0.08 1.40 + 0.09 1.29 £ 0.10 0.97 £ 0.02 1.06 + 0.03 1.01 £ 0.06
Brain 1.37 + 0.04 1.47 + 0.04 1.48 + 0.03 1.42 + 0.03 1.30 £ 0.03 1.45 + 0.02
Relative Organ Groups
weight (g/100 g) | 2 4 5 6
Liver 3.39+0.19 3.07 £ 0.21 3.27 £ 0.07 292 +0.19 3.40 £ 0.20 2.83+0.11
Kidney 0.74 + 0.04 0.74 + 0.03 0.83 £ 0.02 0.72 + 0.05 0.76 + 0.04 0.65 + 0.05
Spleen 0.20 + 0.01 0.20 + 0.01 0.22 + 0.01 0.19 £ 0.01 0.22 £ 0.01 0.16 £ 0.02
Heart 0.35 +0.02 0.33 £ 0.03 0.37 £ 0.01 0.35 +0.03 0.36 £ 0.02 0.35+0.03
Lungs 0.72 + 0.07 0.68 + 0.04 0.66 + 0.04 0.50 + 0.01 0.55 + 0.02 0.50 + 0.03
Brain 0.74 + 0.03 0.72 + 0.03 0.76 £ 0.02 0.73 £ 0.04 0.68 £ 0.01 0.73 £ 0.03

with the study drug when compared with the control groups
(Figures 3 and 4).

The microscopic images of the liver and kidney of the
male and female rats in the control and drug-treated groups
recorded regular morphological features. Further rats in the
satellite group also recorded regular morphological features.
The histopathological examination of the liver of the study
drug-treated rats recorded normal features, including
binucleation. Moreover, regular cellular architecture without

any distortions, similar to the control groups, was also
observed. Additionally, signs of injury, necrosis, congestion,
accumulation of fatty acids, or hemorrhagic regions around
the central vein or sinusoids of the liver were not recorded in
our study. In the case of the histopathological analysis of
kidneys, there was no morphological difference observed in all
rat groups treated with Pankajakasthuri Orthoherb Tablets. The
glomerular architecture of the treated and control rats appeared
to be normal. The glomeruli, distal, and proximal tubules in the
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Sileen Brain

Figure 3. Photomicrograph of Vital Organs of Male Rats from Different Groups After Treatment with Pankajakasthuri Orthoherb Tablets.

Heart Spleen Brain

Figure 4. Photomicrograph of Vital Organs of Female Rats from Different Groups After Treatment with Pankajakasthuri Orthoherb Tablets.
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kidneys of both treated and control groups recorded normal
structural features. In both groups, all the nephron cells
recorded normal and evidently visible nucleoli with no
degeneration, bleeding, or necrosis in the sub-acute oral
toxicity study of Pankajakasthuri Orthoherb Tablets.

In our study, cardiac muscle fibers were recorded as normal
in both control and Pankajakasthuri Orthoherb Tablets-treated
rats of both sexes. Likewise, the spleen also recorded normal
structure and histology in all rats in the subacute oral toxicity
study. To conclude, histopathological assessments of the vital
organs did not disclose any major morphological irregularities
due to 28 days of continuous oral administration of
Pankajakasthuri Orthoherb Tablets to the rats.

Discussion

The use of complementary and alternative medicine dates
back many years. Additionally, it is an evidence-based
medicine due to its popularity and extensive usage for several
years (Catarino et al., 2016). A factual approach and a lack of
regulation are frequent and have a negative effect. This might
be brought on by a dearth of relevant scientific research data
and research methodologies for drug evaluation (Mazumder
et al., 2016). As a result, a number of herbs and their
preparations have been found to be toxic globally (Agarwal et
al., 2012; De Smet, 2004; Skalicka-Wozniak et al., 2017).
Concerning the potential toxic effects of numerous herbal
remedies and/or commonly consumed herbal preparations,
the Food and Drug Administration has issued warnings (De
Smet, 2004). It has been established that medicinal plants
used around the world carry toxicological risks (Par¢ et al.,
2019). To increase market acceptance, standardization, and/
or regulation of the herbal medicine market as it is currently
practiced, safety tests are required. According to accepted
standards, acute and subacute toxicity must be evaluated
before any pharmacological validation or the development of
a phytomedicine from any medicinal plant (El-Gazayerly et
al., 2014). Hence, the present study was conducted to study
the repeated-dose subacute toxicity of Pankajakasthuri
Orthoherb Tablets in Wistar rats.

In this investigation, no treatment-related morbidity,
mortality, or clinical symptoms of local or systemic toxic
effects of the study drug were recorded during the entire
investigation period. The general behavior of the rats was
noted daily (overall health and various clinical signs or
symbols of toxicity), and the results clearly demonstrated that
no changes were recorded during the entire study period
(Kharchoufa et al., 2020). Thus, it can be concluded that the
study drug does not impart any treatment-related behavioral
change in the experimental animals.

Generally, variation in body weight is one of the most
significant indicators of adverse side effects following
exposure to any toxic substance in animals. Usually, animals
cannot survive when a loss of more than 10% of their initial
body weight occurs (Féres et al., 2006). Moreover, the health

status of experimental animals is directly associated with
variations in body weight. In this investigation, the rats from
neither the treatment nor the recovery groups recorded any
statistically significant changes in their body weights
compared to their respective control groups.

In any toxicity investigation, hematology also plays a vital
role in assessing the probable toxic side effects caused by the
oral administration of the test drug (Nair & Sasidharan, 2021;
Rao, 2006; Yakubu et al., 2007). It is considered that bone
marrow is one of the major subtle targets of toxic agents that
enter the body. The health status of the bone marrow and
intravascular system of the experimental rats can be closely
observed by their hematological values (Ekanayake et al.,
2019). Furthermore, variations in the hematological parameters
of drug-administered rats have an advanced extrapolative value
for developing toxicity in human beings (Ekanayake et al.,
2019). In our subacute oral toxicity investigation, all
hematological values in rats administrated with Pankajakasthuri
Orthoherb Tablets at a dose level of 500 mg/kg body weight
were comparable with the values of control group rats.

In addition to this, evaluating the biochemical parameters
of blood and exploring toxic effects on vital organs,
especially the liver and the kidneys, in experimental animals
may deliver useful data concerning the mode of toxicity of
the test agents (Yamthe et al., 2012). Hence, the clinical
biochemistry parameters of the treatment as well as recovery
groups were linked with the particular control groups to
know whether the study drug was inducing any kind of
toxicity or not.

The enzymes AST, ALT, ALP, and serum bilirubin are
measured as vital markers for knowing liver function
(Arneson & Brickell, 2007). The damage to the liver cells is
characterized by a noteworthy upsurge in the levels of serum
AST and ALT. Furthermore, serum total protein and albumin
are also considered non-enzymatic markers of liver toxicity.
In male rats, the administration of Pankajakasthuri Orthoherb
Tablet does not induce any toxicologically noteworthy
variations in the serum levels of AST, ALT, ALP, bilirubin,
TP, or albumin, and this clearly demonstrates that liver
function was preserved during the study period. However, in
female animals, those treated with a high dose (1000 mg/kg
body weight) of Pankajakasthuri Orthoherb Tablet recorded a
mild elevation in the AST levels when compared to normal
control rats, and this was apparently normalized during the
treatment withdrawal, as evident from the AST values of the
animals treated with a high dose during the recovery period.
Besides, in high dose-treated rats, we observed a significant
elevation in total protein and a marked increase in albumin
levels in recovery groups, suggesting improvement in liver
function. Serum ALT, ALP, and bilirubin levels were
equivalent to those of the respective normal controls in the
female animals during treatment and recovery periods. A
higher AST level without a consistent increase in ALT may
rule out liver damage since AST is known to occur in large
concentrations in the heart as well as liver tissues
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(Cheesebrough, 1981) with a small amount present in other
tissues (Tan et al., 2007).

Kidney function was evaluated by means of serum urea,
uric acid, creatinine, and electrolyte (Na, K, Ca, and Cl)
values. In preclinical toxicity studies, changes in renal values
are predominantly likely to occur because of the administration
of high doses. Furthermore, the kidneys are the major
excretory organs that eliminate many drugs and their toxic
metabolites from the body (Schreiner & Maher, 1965). In the
present investigation, a noteworthy elevation in serum urea
concentration was noted in both sexes administered with
1000 mg/kg body weight, but a similar variation was not
recorded in rats administrated with a higher dose (1000 mg/
kg body weight) in the recovery period. However, serum uric
acid and creatinine levels in the male and female treatment
groups were comparable to those in the normal control
groups. In male and female rats, electrolytes (K*, Na*, Ca?",
and CI") in serum were evaluated and did not show any
statistically remarkable change within the treatment and
recovery groups in comparison with the respective control
groups. The outcome of serum biochemical analysis in our
study indicates that the Pankajakasthuri Orthoherb Tablet
does not have any important toxic effect on serum parameters
up to a dose of 500 mg/kg body weight.

There is a very high possibility that some herbal
medications may cause severe toxicity to vital organs because
of their various roles in the human body. The assessment of
histopathological alterations in organs continues to serve as
the foundation for determining the safety of any substance
(Coussanes et al., 2022). In the present study, administration
of Pankajakasthuri Orthoherb Tablet for 28 days did not
record any pathologically relevant lesions in the gross
appearance of organs such as the liver, heart, lung, brain,
kidney, spleen, stomach, ovary, or testis when compared to
the control experimental rats. Another crucial marker of an
animal’s physiological and pathological status is organ
weight. The ROW is critical in determining whether or not
the organ was injured. The primary organs affected by
toxicant-induced metabolic reactions are the heart, liver,
kidney, spleen, and lungs (Dybing et al., 2002). In the present
investigation, no noteworthy variation in the absolute and
relative liver weight was noted in the treated rats when
compared to the control rats. Also, no significant variations
were noted in the absolute and relative weights of the vital
organs of rats in the treatment groups compared to the
respective control groups. Hence, it can be concluded that the
treatment with the Pankajakasthuri Orthoherb Tablet does not
induce any change in the vital organs.

Conclusion

The outcome of this investigation clearly indicates that
Pankajakasthuri Orthoherb Tablet, up to a dose of 500 mg/kg body
weight (No Observed Adverse Effect Level [NOAEL]), does not
record any kind of toxicity in rats when administered orally. This

conclusion is presumed based on the fact that subacute oral
treatment with Pankajakasthuri Orthoherb Tablet did not record
any mortality or adverse side effects. Besides, the study drug did
not induce noteworthy changes in any of the hematological, serum
biochemical or histopathological values examined in this study.
Thisis important evidence for the application of the Pankajakasthuri
Orthoherb Tablet to patients. Based on the NOAEL, the HED of
Pankajakasthuri Orthoherb Tablet was calculated at 5.195 g/day.
More research into its therapeutic efficacy and biopharmaceutical
applications is needed.
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