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Abstract:

In recent years, there has been a growing interest in natural medicine, with a shift towards utilizing herbal
remedies for various health conditions. This study protocol was designed to investigate the hepatoprotective
and anti-inflammatory potential formulations derived from selected indigenous medicinal plants, Cayratia
trifolia, Sesbania grandiflora, Cordia dichotoma, and Tephrosia purpurea, collected from Kandhamal district,
Odisha.

The hepatic safety potential of this formulation was evaluated on normal liver and kidney cell lines to assess
its safety profile. Additionally, the anti-inflammatory activity of the formulation was evaluated through the
inhibition of albumin denaturation, membrane stabilization, and proteinase activity. The hepatoprotective
studies revealed that the polyherbal formulation did not induce any abnormalities or adverse effects in normal
liver and kidney cells, indicating its safety for potential therapeutic use. The formulation exhibited significant
inhibition of heat-induced albumin denaturation, with a maximum inhibition of 87.95% at a concentration of
800 pg/ml. The ICso value was determined to be 287.05+2.79 pg/ml, demonstrating its effective anti-
inflammatory activity. Moreover, the above polyherbal formulation demonstrated significant inhibition of
heat-induced hemolysis, with a maximum inhibition of 78.79+0.54% at a concentration of 800 pg/ml. This
suggests that the formulation stabilizes red blood cell membranes, potentially impeding the release of
lysosomal content from neutrophils and reducing tissue inflammation and damage. The ICsy value for
membrane stabilization was found to be 469.14+£9.59 pg/ml. Furthermore, the polyherbal formulation
exhibited substantial antiproteinase activity, with a maximum inhibition of 83.49+0.48% at a concentration of
800 ug/ml. This activity is significant in protecting against tissue damage during inflammatory reactions,
highlighting the potential of the formulation as an anti-inflammatory agent. In conclusion, this study provides
valuable insights into the efficacy and safety of polyherbal formulation, indicating its potential as a
hepatoprotective and anti-inflammatory agent.
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INTRODUCTION

In recent years, there has been a global shift from
synthetic to natural medicine, with an increasing
focus on utilizing medicinal herbs for treating
various diseases. Traditional Indian medical
systems, including Ayurveda, Siddha, Unani,
Homeopathy, Yoga, and Naturopathy, have
gained widespread acceptance, and are practiced
for maintaining good health. As a result,extensive
research is being conducted on phytomedicine,
with numerous botanical preparations being
evaluated for their therapeutic efficacy.
Particularly, the development of botanical drugs
with  hepatoprotective and anti-inflammatory
properties has gained significant attention. [1,2]
The incidence of hepatic damage and
inflammation is rising due to various factors such
as environmental pollution, dietary changes, and
lifestyle modifications. The in vitro evaluation of
the hepatoprotective and Anti-inflammatory
activityof the polyherbal formulation derived from
plants Cayratia trifolia, Sesbania grandiflora,
Cordia dichotoma, and Tephrosia purpurea
collected from Kandhamal District, Odisha,
demonstrates its potential as a valuable candidate
for further preclinical and clinical studies.[2,3,4]

In this study, a specific polyherbal formulation
composed of hydroalcoholic extracts from
different indigenous medicinal plants, prepared in
specific ratios, was selected for investigation. The
primary objective of this research is to assess the
hepatoprotective potential and Anti-inflammatory
activity of this polyherbal ayurvedic formulation
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using a cell line model and through the inhibition
of albumin denaturation, membrane stabilization,
and proteinase activity respectively.

METHODS: [4-9]

Chemicals and Cell Lines:

All chemicals and reagents used in this study were
of analytical grade and were obtained from Loba
Chemie Laboratory Reagents and Hi Media. The
cell lines utilized in the experiments were obtained
from the National Centre for Cell Sciences in
Pune, India.

Collection and authentication of plant
materials: The selected four plants were
identified and authenticated by taxonomist Dr. S.
K. Dash- H.O.D of Bioscience; College of Pharm.
Science-Mohuda.  The  voucher  herbarium
specimens (no.- CPS/HS-0032,0033,0034 &
0035) were deposited in the herbarium of P.G.
Dept. Of Phytochemistry- College of pharm.
Sciences- Mohuda for future reference. After
authentication, fresh leaves, barks, and flowers
were collected separately (during its flowering time
in Mar-April-2007) in bulk from young, matured
plants from the rural hill area of Kandhamal forest
area- Odisha.

Development of formulation: The drugs of plant
origin were dried and made into fine powders,
separately. The fine powder of drugs were taken in
equal proportion and polyherbal formulation is
prepared.

Table 1: Composition of Formulation

Sl no Plant Name
1 Cayratia trifolia
2 Sesbania grandiflora
3 Cordia dichotoma
4 Tephrosia purpurea

Preparation of Extract:

The polyherbal formulation consisted of 4 herbal
ingredients in varying ratios. The extraction of
phytochemicals was performed using the cold
maceration method. Double-distilled water and
ethanol in a 7:3 ratio was used for the extraction
process. The mixture was allowed to stand for 48
hours with intermittent shaking. The resulting
mixture was filtered through double-lined muslin
cloth and then subjected to evaporation under
reduced pressure using a vacuum evaporator. The
final product obtained was a greenish-black
material which was stored in an airtight container
at 4°C. [10]
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Plant Part Used Proportion
Roots 1 part
Flower 1 part

Bark 1 part
Seed 1 part

Determination of In Vitro hepatoprotective
activity:

The in vitro hepatoprotective activity of the
polyherbal formulation were assessed using the 3-
(4,5-dimethythiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay. Two separate experiments
were conducted following the same procedure to
evaluate this efficacy of the test drug. The
percentage of cell viability and mortality was
calculated using a standard formula. [11-15]

Assessment of in vitro anti-inflammatory
activity

Anti-inflammatory activity of this polyherbal
ayurvedic formulation was conducted through the
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inhibition of albumin denaturation, membrane
stabilization, and proteinase activity respectively.
Albumin denaturation method

The assessment of in vitro anti-inflammatory
activity was conducted using the inhibition of
albumin denaturation method. The reaction
mixture consisted of varying concentrations of the
test formulation and a 1% aqueous solution of
bovine albumin fraction. The pH of the reaction
mixture was adjusted to 6.8 using a small amount
of 1IN HCI. The samples were then incubated at
37°C for 20 minutes and subsequently heated at
57°C for 20 minutes. After cooling, the turbidity
of the samples was measured
spectrophotometrically at 660 nm. The experiment
wasperformed in triplicate and average was taken.
The percentage inhibition of protein denaturation
was calculated as follows:

% Inhibition of denaturation =

(Absorbance of control — Absorbance of sample) % 100

Absorbance of control

Membrane Stabilization Test

Preparation of Red Blood Cell (RBC) Suspension
A total of 10 ml of fresh whole human blood was
collected (who has not taken any NSAIDS for 2
weeks) and transferred to heparinized centrifuge
tubes. The tubes were then centrifuged at 3000 rpm
for 10 minutes, and the resulting pellet was washed
three times with an equal volume of normal saline.
The volume of the blood was measured and
reconstituted to a 10% v/v suspension using
normal saline.

The reaction mixture (2 ml) consisted of 1 ml of
the test drug solution and 1 ml of a 10% RBCs
suspension. For the control test tube, saline was
added instead of the drug. Aspirin was used as the
standard drug. All the centrifuge tubes containing
the reaction mixture were incubated in awater bath
at 56°C for 30 minutes. After incubation, the tubes
were cooled under running tap water. The reaction
mixture was then centrifuged at 2500 rpm for 5
minutes, and the absorbance of the supernatants
was measured at 560 nm. The experiment was
conducted in triplicate, and the percentage of
membrane stabilization activity was calculated
using the formula mentionedabove.

Proteinase Inhibitory Action

The reaction mixture (2 ml) contained 0.06 mg
trypsin, 1 ml of 20 mM Tris HCI buffer (pH 7.4),
and 1 ml of the test sample at different
concentrations. The mixture was incubated at 37°C
for 5 minutes, and then 1 ml of 0.8% (w/v) casein
was added. The mixture was further incubated for
20 minutes. To terminate the reaction, 2 ml of 70%
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perchloric acid was added. The resulting cloudy
suspension was centrifuged, and the absorbance of
the supernatant was measured at 210nm against a
blank buffer. The experiment was performed in
triplicate, and the percentage inhibition of
proteinase inhibitory activity was calculated as per
previously mentioned formula.

RESULTS AND DISCUSSION:

In Vitro hepatoprotective Studies: This study play
a crucial role in evaluating the potential benefits
and limitations of a model for screening and
analyzing toxic compounds. The current
investigation provide valuable insights into the
cellular and molecular effects of potentially
harmful substances through the utilization of
various morphological and biochemical markers.
Among the available methods, in vitro cell line
models offer convenience and feasibility in
laboratory settings.[16-18] In this study, the
cytotoxicity of different concentrations of
hepatoprotective polyherbal formulation was
assessed against normal liver and kidney cell
lines.

The results of the cytotoxicity studies revealed the
impact of polyherbal formulation on the viability
of the tested cell lines. The various concentrations
of hepatoprotective formulation were analyzed to
determine their effects on cell viability and assess
the potential toxicity. The obtained data provides
insights into the cytotoxic properties of
hepatoprotective  polyherbal formulation and
enables a better understanding of itssafety profile.
These findings are valuable for further
investigations  and contribute  to  the
characterization of our polyherbal formulation as a
potential therapeutic agent.[20,21,22]

Moreover, the use of in vitro cell line models
offers several advantages, such as ease of
handling, controlled experimental conditions, and
the ability to study specific cell types. This
enables researchers to gain valuable preliminary
information  regarding  the  effects  of
hepatoprotective  polyherbal  formulation on
normal liver and kidney cells, laying the
foundation for further investigations on its
potential as a hepatoprotective agent. However, it
isimportant to acknowledge the limitations of in
vitro models, as they may not fully represent the
complexity and dynamics of in vivo systems.
Thus, it is crucial to validate these findings
through further studies, including in vivo
experiments and clinical trials.[23,24]
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The in vitro cytotoxicity studies provided valuable
insights into the effects of our selected polyherbal
formulation on normal liver and kidney cell lines.
The results highlight its potential cytotoxic
properties and contribute to the understanding of
its safety profile. These findings pave the way for
future  research, allowing for a better
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understanding of polyherbal  formulation’s
therapeutic potential and its applicability as a
hepatoprotective agent. Further investigations
using in vivo models and clinical trials are
warranted to validate and expand upon these
preliminary findings.[25]

Table 2: Cytotoxic effect of different concentrations of Hepatoprotective polyherbalformulation on normal
cell lines (Chang liver cells)

S. No Concentration (ng/ml)
500
250
100
68.5
35.25
13.63
7.80
Cell control

O~NO O WwWN B

Cell mortality (%) Cell viability (%0)

31.92 68.07
25.38 74.61
23.67 76.32
18.38 81.61
7.58 9241
3.72 96.27
1.47 98.52

0 100

Table 3: Cytotoxic effect of different concentrations of Hepatoprotective polyherbalformulation on
kidney (Vero) cell lines

S. No Concentration (ug/ml)

Cell mortality (%)

Cell viability (%)

1 500 33.08 66.91
2 250 16.18 83.81
3 100 16.08 83.91
4 68.5 10.59 89.40
5 35.25 8.28 91.71
6 13.63 5.35 94.64
7 7.80 2.83 97.16
9 Cell control 0 100
100
90
80
£ 70
8 .
© 60 == Cell Viability
2 50 .
T = Cell Mortality
O 40
o
° 30
20
10
0

7.80 13.63 35.25 68.5

100 250 500

Conc. in pg/ml

Fig. 1: Cytotoxic effect of Hepatoprotective polyherbal formulation on normal liver celllines percentage of
viability and mortality
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Fig. 2: Cytotoxic effect of Hepatoprotective polyherbal formulation on normal kidney(Vero) cell lines
percentage of viability and mortality

In vitro cytotoxicity data play a crucial role in
assessing the potential toxicity of a specific
substance and can also provide insights into the
need for additional toxicity tests. When a drugis
administered, it undergoes metabolism primarily in
the liver, which is the organ most exposedto drugs
and toxic substances. After the metabolism process
is completed, the drug is eliminated through the
kidney. However, during the elimination process,
there is a possibility of causing damage to the
kidney cells.

The results obtained from the cytotoxicity studies
of the polyherbal formulation indicate that itdoes
not induce any abnormalities or adverse effects in
normal liver and kidney cells. This suggests that
the formulation is safe and does not pose a risk to
the cellular integrity and function of these vital
organs. This information is valuable in assessing
the safety profile of thepolyherbal formulation and
provides confidence in its potential as a
therapeutic agent. Furtherstudies and tests can be
conducted to explore its efficacy and safety in
more detail. [25,26]

In vitro Assessment of Anti-inflammatory
Activity

Inhibition of Albumin Denaturation

Protein denaturation is a well-known cause of
inflammation, and certain anti-inflammatory drugs
like phenylbutazone, salicylic acid, and flufenamic
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acid have demonstrated a dose- dependent ability
to inhibit thermally induced protein denaturation
[27,28]. As part of the investigation into the
mechanism of anti-inflammatory activity, the
ability of extract to inhibit protein denaturation
was studied. The results, presented in Table 4,
showed that the extract effectively inhibited heat-
induced albumin  denaturation at various
concentrations. The maximum inhibition observed
was 87.95+1.46 at a concentration of 800 ug/ml.
The ICso valuewas determined to be 287.05+2.79
pg/ml, with a correlation coefficient (r) of 0.948.
Aspirin, a standard anti-inflammatory drug,
exhibited the highest inhibition of 76.88+0.55 %
at a concentration of 200 pg/ml.

Membrane Stabilization Test

To gain further insights into the anti-inflammatory
action of Poly herbal formulation, the stabilization
of red blood cell (RBC) membranes was
examined. The extract exhibited significant
inhibition of heat-induced hemolysis at various
concentrations,  suggesting that membrane
stabilization contributes to its anti-inflammatory
effect. This finding suggests that the extract may
impede the release of lysosomal content from
neutrophils at the site of inflammation. Neutrophil
lysosomes contain bactericidal enzymes and
proteases, which, when released extracellularly,
can cause additional tissue inflammation and
damage (29).

923



Comparative Analysis of Hepatoprotective and Anti-Inflammatory Potential of A Polyherbal

Formulation prepared With Plants From Kandhamal Dist., Odisha: An In Vitro Study

Section A-Research Paper

Table 4: Effect of Polyherbal formulation on Albumin Denaturation, Membrane Stabilization, and Proteinase

Inhibitory Activity
Test Sample Conc.(pg/ml) % Inhibition of AlbuminDenaturation % Membrane % Proteinase
Stabilization Inhibition
Polyherbalformulation
50 24.70£1.45 18.84+0.62 22.29+1.36
100 30.82+1.18 22.50£0.58 23.79+0.68
200 46.98+0.64 27.47+0.93 29.34+1.53
400 63.42+1.16 48.69+1.36 41.70+0.80
600 72.64+0.89 55.64+1.12 68.72+1.39
800 87.95+1.46 78.79+0.54 83.49+0.48
Correlation coefficient value (r) 0.948 0.998 0.998
1C50 value 287.05+2.79 469.16+9.59 438.28+5.92
Aspirin
100 66.45+0.65 72.56+0.58 56.45+0.45
200 76.88+0.55 85.92+0.75 92.87+0.76

Values represent the mean £ SD of three replicates; linear regression analysis was used to calculatethe 1Csp value.

The test extract, at concentrations ranging from
200 pg/ml to 800 pg/ml, demonstrated varying
degrees of inhibition of heat-induced hemolysis,
as presented in Table 4. The maximum inhibition
of 78.79+0.54% was observed at 800 pg/ml. The
ICs value, indicative of the concentration required
for 50% inhibition, was determined to be
469.16+9.59 pg/ml, with a high correlation
coefficient (r) of 0.998. Aspirin, the standard drug,
exhibited the highest inhibition of 85.92+0.75% at
a concentration of 200 pg/ml.

Proteinase Inhibitory Activity

Proteinases have been implicated in arthritic
reactions, and neutrophils are recognized as an
abundant source of proteinases, housing numerous
serine proteinases within their lysosomal granules.
Previous reports have highlighted the crucial role
of leukocyte proteinases in the development of
tissue damage during inflammatory reactions.
Significant protection against such damage has
been observed with the use of proteinase inhibitors
[30-33]

The Poly herbal formulation demonstrated
substantial antiproteinase activity at different
concentrations, as presented in Table 4. The
maximum inhibition of 83.49+0.48% was observed
at 800 pg/ml. The ICso value, representing the
concentration required for 50% inhibition, was
determined to be 438.28+5.92 pg/ml, with a
correlation coefficient (r) of 0.998. Aspirin
exhibited the highest inhibition of 92.87+0.76% at
a concentration of 200 pg/ml.

CONCLUSION

The findings of this in vitro study provide
compelling evidence of the hepatoprotective and
anti-inflammatory potential of the polyherbal
formulation derived from plants in Kandhamal
Dist., Odisha. The formulation exhibited no
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cytotoxic effects on normal liver and kidney cells,
indicating its safety for potential therapeutic use.
Furthermore, the formulation demonstrated
significant  anti-inflammatory  activity by
inhibiting albumin denaturation, stabilizing red
blood cell membranes, and inhibiting proteinase
activity. These results suggest that the formulation
could protect against tissue damage during
inflammatory reactions. The obtained data
supports the notion that the polyherbal
formulation holds promise as a therapeutic agent
for hepatoprotection and anti-inflammatory
treatment.

Overall, the results of this study provide a solid
foundation for future research and development of
polyherbal formulation as a potential therapeutic
intervention for liver protection and inflammation
management.
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