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ABSTRACT: Ficus

hepatoprotective properties, lacks substantial validation in contemporary scientific

racemosa, traditionally recognized in Ayurveda for its
literature. This study aimed to evaluate the hepatoprotective potential of ethyl acetate leaf
extract of Ficus racemosa and its biosynthesized silver nanoparticles (AgNPs) against
carbon tetrachloride (CCly)-induced hepatotoxicity in male Sprague-Dawley rats. Plant
leaves and bark were extracted using Soxhlet reflux with ethyl acetate and methanol over
three days. Phytochemical profiling confirmed the presence of flavonoids, phenols,
steroids, alkaloids, and tannins. Total phenolic content was estimated via Folin-Ciocalteu
assay, and flavonoids quantified by aluminum chloride colorimetric method at 415 nm.
Antioxidant activity was assessed using DPPH and nitric oxide radical scavenging assays,
demonstrating strong radical inhibition with low ICso values. Silver nanoparticles were
synthesized from ethyl acetate leaf extract and optimized using Box-Behnken Design in
Design Expert software. Rats wete administered 400 mg/kg of the ethyl acetate extract
and AgNPs orally for seven consecutive days. Hepatoprotective efficacy was evaluated via
serum biochemical markers (ALT, AST, ALP, bilirubin, total protein) and antioxidant
enzymes, alongside histopathological examination of liver tissues. Both treatment groups
demonstrated significant reversal of CCls-induced liver damage, with silver nanoparticles
showing superior efficacy in normalizing elevated enzyme levels and improving
antioxidant defenses. Histology confirmed reduced hepatic necrosis and inflammation in
treated groups. The study concludes that the ethyl acetate extract and its AgNP
formulation possess potent hepatoprotective and antioxidant properties, likely attributed
to their rich phytochemical content.

The liver is the second largest organ in the human body, playing a crucial role in more than 5,000 physiological functions. It is

responsible for detoxifying harmful substances, regulating metabolism of glucose, iron, and cholesterol, synthesizing clotting

factors, processing nutrients, and maintaining hormonal balance [Krishnan 2019, Zhang et al 2019].

Its regenerative capacity is remarkable, allowing it to heal itself after injury. Despite this resilience, the liver is susceptible to

various diseases caused by genetic disorders, viral infections, toxic substances like drugs or chemicals, autoimmune reactions,
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obesity, and diabetes. If left untreated, these hepatic conditions can lead to severe complications, including irreversible damage
to liver tissues or bile ducts, ultimately threatening life [Phong et al 2021, Yadav et al 2015].

Throughout history, humans have relied on medicinal plants as a therapeutic resource, using roots, leaves, flowers, or stems of
various species. These botanicals are rich in antioxidant compounds such as flavonoids, phenolics, tannins, vitamins, quinones,
and lignans, which combat oxidative stress and cellular damage. Ficus racemosa (Linn), also known as the cluster fig or Indian
fig tree, is one such plant belonging to the Moraceae family. Widely distributed across India, Southeast Asia, Australia, and
Malaysia, it grows in forests and hilly regions. Its traditional usage in Ayurveda and other systems of natural medicine
underscores its potential in treating liver disorders, largely due to its abundance of bioactive phytochemicals [Wahid et al 2016].

Carbon tetrachloride (CCly) is widely used to expetimentally induce liver damage in animal models, particularly rats. Once
metabolized by the liver’s cytochrome P450 system, CCly generates trichloromethyl free radicals and reactive oxygen species
(ROS), initiating a cascade of lipid peroxidation. This leads to extensive hepatic injury, including inflammation, necrosis, and
impaired liver function. Such models are invaluable for evaluating the hepatoprotective efficacy of medicinal plants like Ficus
racemosa, allowing researchers to study their antioxidant activity and therapeutic mechanisms in a controlled and reproducible
setting [Gopalasathees et al 2018].

2. MATERIALS AND METHODS
Materials

All chemical reagents and solvents used in the study were of analytical grade, with a minimum purity of 99%, ensuring
experimental reliability and reproducibility. Petroleum ether (60—80 °C), methanol, ethyl acetate, DPPH, Folin-Ciocalteu
reagent, silver nitrate, chloroform, and n-butanol were procured from Loba Chemicals, New Delhi, while additional reagents
were sourced from Himedia, Mumbai. These high-purity chemicals were integral to various procedures, including solvent
extraction, phytochemical screening, antioxidant assays, and synthesis of silver nanoparticles, ensuring accurate assessment of

bioactive components and hepatoprotective efficacy.
Plant collection and extraction

Leaves and bark of Ficus racemosa were collected from the botanical garden of Dadasaheb Balpande College of Pharmacy,
Nagpur, and authenticated by a qualified botanist. The plant materials were washed with tap water and shade-dried before
undergoing a continuous hot extraction using a Soxhlet apparatus. Approximately 100-150 g of each sample was successively
extracted with petroleum ether, ethyl acetate, and methanol, following a sequential solvent extraction protocol. After each
solvent cycle, the plant residue was dried and re-extracted with the next solvent. The resulting extracts were filtered and
evaporated to obtain crude dried residues, with final yields recorded as follows: ethyl acetate leaf extract (1.66%), ethyl acetate
bark extract (1.33%), methanol leaf extract (2.22%), and methanol bark extract (3.75%). This method ensured comprehensive
recovery of phytoconstituents from both leaf and bark materials [Parbuntari et al 2019].

Phytochemical screening

Phytochemical screening of Ficus racemosa leaf and bark extracts was performed to identify the presence of key secondary
metabolites known for their therapeutic relevance. The analysis included tests for alkaloids, saponins, flavonoids, tannins,
phenolics, and steroids/terpenoids. Multiple solvent extracts—ethyl acetate, methanol, and petroleum ether—wete evaluated
separately for both leaf and bark samples. This comprehensive profiling revealed varying concentrations of bioactive
constituents across different extracts, with ethyl acetate and methanol-based extracts showing pronounced presence of
flavonoids, phenolics, and tannins, while petroleum ether extracts displayed lower polarity constituents such as steroids and
terpenoids. These results provide foundational insights into the antioxidant and hepatoprotective potential of the plant
[Parbuntari et al 2019].

Determination of Total Flavonoid Content

The total flavonoid content of Ficus racemosa ethyl acetate extract was quantified using the aluminum chloride colorimettic assay.
A methanolic solution of the extract (1 mg/mL) was prepared and subjected to a sequence of reagent additions—including sodium
nitrite, aluminum chloride, and sodium hydroxide—with incubation intervals to facilitate complex formation. The final reaction

volume was adjusted to 10 mL and left to stabilize for 15 minutes before measuring absorbance at 510 nm. Using a quercetin
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calibration curve, the flavonoid content was calculated and expressed as milligrams of quercetin equivalent per gram of dry extract
[ Pandey et al 2015]

Determination of Total Phenolic Content

The total phenolic content of Ficus racemosa ethyl acetate extract was determined using the Folin-Ciocalteu method at a
concentration of 1 mg/mL. In the assay, 1 mL of the extract was mixed with 2.5 mL of 10% Folin-Ciocalteu reagent and 2.5 mL
of 7.5% sodium bicarbonate (NaHCO3), with a blank prepared simultaneously using water instead of extract. The mixture was
allowed to stand for 45 minutes to develop coloration, and absorbance was measured spectrophotometrically at 765 nm. Each
sample was analyzed in triplicate to ensure precision, and results were compared against a gallic acid standard curve (25—
125 pg/ml) constructed via linear regression. The phenolic content was quantified as milligrams of gallic acid equivalent (GAE)
per gram of dry extract, providing a reliable estimate of the extract’s antioxidant potential [Abeysinghe et al 2021]

Antioxidant Activity Study
A. Evaluation of scavenging activity on DPPH Radicals

The antioxidant activity of Ficus racemosa ethyl acetate extract was evaluated using the DPPH free radical scavenging assay.
Extract concentrations ranging from 25125 ug/mL wete prepared in ethanol and added to freshly made DPPH solution (2.9 mL
of 100 pg/mL), followed by incubation in the dark for 30 minutes to facilitate the reaction. The absotbance of each reaction
mixture was measured at 517 nm using a Shimadzu 1600 UV-Visible spectrophotometer, with a control containing only ethanol
and DPPH. Ascorbic acid served as the standard reference. The percent scavenging activity was calculated by comparing
absorbance values of the test and control using the formula: % Scavenging = [(A_control — A_sample) / A_control] X 100,
where A_control is the absorbance of the control and A_sample is the absorbance of the test extract. This method provides an
effective measure of the extract’s ability to neutralize free radicals [Alara et al 2018]

% scavenging of DPPH = (Aconcroi-Asest) / Acontrol X 100
B. Determination of reducing power assay

The reducing power of Ficus racemosa ethyl acetate extract was determined using a phosphate buffer—ferricyanide system, where
increasing concentrations (25-125 pg/mL) wete incubated with potassium ferricyanide, followed by reaction termination with
tricarboxylic acid and treatment with ferric chloride; absorbance measured at 700 nm indicated the extract’s electron-donating

ability and antioxidant potential, with higher absorbance reflecting stronger free radical neutralization [Singhal et al 2011]
C. Determination of ferrous metal ion chelating activity (FRAP)

The iron chelating activity of Ficus racemosa ethyl acetate extract was assessed by mixing vatying concentrations (25-125 ng/mlL)
with FeCl, (5 mM), allowing the mixture to equilibrate for 10 minutes at room temperature; absorbance was measured at 562 nm,
and the percentage inhibition of the fetrozine—Fe?" complex was calculated to determine the extract’s metal chelating potential,

indicating its ability to reduce oxidative damage by limiting iron-induced free radical formation [Langley-Evans 2000]
% Inhibition = [(A¢-A1)/Ag] X 100

Where, Aj -absorbance of the control solution,

Ai- absorbance of the test extracts or standard drug

In-vitro Anti-inflammatory Activity

The in-vitro anti-inflammatory activity of Fius racemosa extract was evaluated using the Human Red Blood Corpuscles (HRBC)
membrane stabilizing method, where blood from a healthy volunteer was processed to prepare a 10% HRBC suspension; the test
mixture containing hypotonic saline, phosphate buffer, extract (1000 pg/mL), and HRBC was incubated at 56 °C for 30 minutes,
then cooled and centrifuged, and the absorbance of the supernatant was measured at 560 nm to assess membrane stabilization,
with higher percentage indicating better anti-inflammatory potential by preventing hemolysis under hypotonic stress [Djuichou
et al 2019]
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% Inhibition of haemolysis = [Absorbance of control - Absorbance of test] X 100

Absorbance of control
Synthesis of Silver Nanoparticles by Green Method.

Silver nanoparticles were synthesized using Ficus racemosa leaf extract by dissolving 1 g of extract in 10 ml ethyl acetate, adjusting
the pH to 9-11, and heating the solution to 60—-80 °C; varying concentrations of AgNO3 (0.01-0.10 M) were added dropwise
with continuous magnetic stirring, and nanoparticle formation was indicated by a color change from yellow to brownish-yellow
ot deep brown, with UV spectroscopy (400-800 nm) confirming the presence of silver nanoparticles through characteristic surface
plasmon resonance peaks [Santhosh.et al 2021].

Optimization of Silver Nanoparticles

The synthesis of silver nanoparticles using Ficus racemosa extract was systematically optimized through Box-Behnken design (BBD)
using Design Expert v13.0, selecting silver nitrate concentration, temperature, and pH as key independent variables at three levels
(-1, 0, +1) as shown in table 1. Experimental trials were conducted to evaluate particle size and absorbance intensity as responses,
and the data were fitted to a quadratic second-order model analysed via ANOVA, correlation coefficients (12, adjusted r, predicted
r?), and predicted residual sum of squares, with optimal synthesis conditions determined using numerical desirability and graphical
optimization methods [Nikaeen et al 2020].

Table No. 1: Experimental factors and levels for synthesis of Silver Nanoparticles

Ind d Variable Levels
" el.)en ent Dependant variables
variables Low (-1) Medium (0) | High (+)
C trati f
oncentration o 0.01 0.05 0.1 Particle Size
silver nitrate (M)
Temperature (°C) 60 70 80
Absorbance Intensity
pH 9 10 11

Characterization of Silver Nanoparticles
Surface Plasmon Resonance

UV-Visible spectrophotometty is a rapid, reliable, and sensitive technique for the primary characterization of synthesized silver
nanoparticles, offering a simple method to monitor their formation and stability by measuring absorbance in the 200—800 nm
range using distilled water as reference; the Shimadzu UV-1800 spectrophotometer was employed to detect characteristic surface
plasmon resonance peaks, which vary based on particle size, dielectric medium, and chemical environment, making this technique

highly selective and efficient without requiring calibration for colloidal suspensions [Ider et al 2017].
Percentage Entrapment Efficiency

To determine the entrapment efficiency of flavonoids in silver nanoparticles, the reaction mixture was centrifuged at 8000 rpm
for 10 minutes at room temperature across three cycles; the supernatant was analyzed using a UV-Visible spectrophotometer to
quantify the unentrapped flavonoid content, and entrapment efficiency was calculated by referencing a standard calibration curve
of flavonoids, indicating the proportion of flavonoid successfully incorporated into the nanoparticles [Jackson et al 2019].

Particle Size and Polydispersity Index

Dynamic Light Scattering (DLS) was employed to determine the particle size and polydispersity index (PDI) of silver nanoparticles
using an Anton Paar instrument; the colloidal suspension was diluted with distilled water, and measurements revealed the size
distribution, where PDI values ranging from 0.0 to 1.0 indicated the uniformity of particle sizes—lower values representing
monodispersity and higher values indicating a broader size range within the sample [Danaei et al 2018].
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Zeta Potential Measurement

The electrophoretic mobility of nanoparticles in a U-type tube at 25°C was used to calculate zeta potential using a zetasizer (Anton
paar) [Khoshnevisan et al 2015].

Fourier transform infrared spectroscopy (FTIR)

FTIR spectroscopy was conducted using the IR Affinity model from Shimadzu to evaluate the compatibility and potential
interactions between Ficus racemosa leaf extract and synthesized silver nanoparticles; the analysis involved 45 scans at a resolution
of 4 cm™ across the spectral range of 4000—400 cm™, enabling identification of functional groups and chemical bonds involved
in nanoparticle formation and stabilization [Wongsa et al 2022].

Differential scanning calorimetry (DSC)

Differential Scanning Calorimetry (DSC) was employed to investigate the thermal properties, stability, and potential interactions
between Ficus racemosa leaf extract and its optimized silver nanoparticle formulation; using the DSC-1 821e model from Mettler-
Toledo, samples wete heated from 20 °C to 300 °C at a constant rate of 10 °C/min in a nitrogen atmosphete with dried nitrogen
as purge gas, and thermograms revealed changes in enthalpy, peak patterns, and onset temperatures, providing insights into
melting behavior, degradation, compatibility, and possible formation of new entities [Chiu et al 2011]

X-Ray Diffraction

X-ray diffraction (XRD) analysis was performed using the Bruker D2 Phaser (second generation, Germany) to investigate the
crystalline nature and structural changes during the formation of silver nanoparticles from Ficus racemosa extract; the scan was
conducted over a 20 range of 10°-80°, enabling detection of polymorphs, crystal habit modifications, and the emergence of new
crystalline phases, thereby confirming nanoparticle formation and assessing their crystallinity [Latha et al 2020].

Field Emission Scanning Electron Microscopy

Field Emission Scanning Electron Microscopy (FESEM) was utilized to analyze the surface morphology of optimized silver
nanoparticles using the JSM-7610F microscope (Jeol, Tokyo, Japan) at an accelerating voltage of 200 kV under high vacuum; 1—
2 drops of nanoparticle dispersion were mounted on a glass grid with double carbon adhesive tape, sputter-coated with gold-
palladium, and covered with a round coverslip lined with silver paint for conductivity, allowing detailed observation of particle

shape, size, surface features like pores and pits, and any aggregation [Moond et al 2023].
Stability Study

An accelerated stability study of the formulated silver nanoparticles was conducted in accordance with ICH guidelines by storing
samples at 40 °C + 0.5 °C and 75% £ 5% relative humidity for 90 days; evaluations were performed on day 0 and day 30 to assess
changes in surface plasmon resonance, particle size, and colour, providing insights into the formulation’s physical stability and

consistency under stress conditions [Sadeghi et al 2015].
In-vivo Study

Sprague dawley rats weighing 150 to 300 g were housed in standard laboratory conditions of temperature [25%2 °C], 12 h light
and dark places and with food and water ad libitum [Ferreira et al 2010].

Acute oral Toxicity

The acute oral toxicity study was carried out as per the guidelines set by OECD, revised draft guidelines 423, received from
CPCSEA, Ministry of Social Justice and empowerment, Govt. of India [Gupta et al 2010].

Experimental Protocol

In a hepatoprotective study, 18 rats were randomly divided into three groups of six: Group I served as the normal control receiving
1 ml/kg/day of normal saline orally; Group II was treated with CCly (0.5 ml/kg i.p., 1:1 in olive oil) and Fieus racemosa ethyl acetate
leaf extract (400 mg/kg p.o.) for 7 days; Group III received silver nanopatticles of the extract (400 mg/kg p.o.) along with CCly
(0.5 ml/kg i.p.) for 7 days. After 24 hours of the final dose, animals were sacrificed, blood was collected for serum separation at

2500 rpm for 15 minutes, and liver tissues were harvested for biochemical and histopathological analysis [Ranawat et al 2011].
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Biochemical studies

Biochemical parameters including alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP),
direct bilirubin (Dbil), total bilirubin (Tbil), and total protein (TP) were quantitatively estimated using standardized assay kits from
Lab Care Diagnostics (India) Pvt. Ltd, providing essential markers for evaluating liver function and assessing the hepatoprotective
effects of the treatments [Chandrashekhar et al 2010].

Histopathology

Liver tissues were excised and fixed in 10% formalin, followed by dehydration through graded ethanol (50-100%), clearing in
xylene, and embedding in paraffin wax; thin sections (5—6 um) were prepared and stained with hematoxylin and eosin for
photomicroscopic examination, with histopathological changes evaluated and scored on a scale of 1—4 to assess the extent of liver

damage and therapeutic efficacy of the treatments [Lu et al 2017].
2.14 Statistical analysis

The data were expressed as mean £ S.E.M. Statistical differences at P < 0.05 between the groups were analyzed by one-way
ANOVA followed by Dunnett’s multiple comparison test using SPSS 15.0 software [Pareek et al 2013].

Preparation of Herbal syrup

An ethyl acetate extract of Ficus racemosa was prepared using the Soxhlet extraction method to isolate specific active constituents;
the extract was filtered, and measured aliquots were combined as per the formulation table to produce 50 ml of syrup, with
added coloring and flavoring agents for palatability. The final syrup was transferred into an amber-colored bottle, sealed tightly,
and stored in a cool, dry place to presetve its stability and efficacy [Ghosh et al 2023].

3. RESULT AND DISCUSSION
Total flavonoid content

Ethyl acetate and methanol extracts containing key phytoconstituents were standardized for total flavonoid content using quercetin
(QE) as a reference, calculated from the linear regtession equation (R? = 0.998), y = 0.0149x + 0.0168; at 10 ug/ml concentration,
ethyl acetate leaf and batk extracts showed higher flavonoid levels (82.6 mg/g and 75.26 mg/g QE/g) compared to methanol
extracts (69.26 mg/g and 65.26 mg/g QE/g), leading to the selection of ethyl acetate leaf extract for further investigation due to its

superior flavonoid content.
Total Phenolic Content

Ethyl acetate and methanol extracts, identified to contain specific phytoconstituents, were subjected to standardization for total
polyphenolic content using gallic acid (GAE) as a reference, calculated from the linear regression equation (R? =0.9948),
y = 0.0096x + 0.0381; at a concentration of 10 pug/ml, the ethyl acetate extract exhibited a polyphenolic content of 18 mg/g

GAE, confirming its richness in phenolic compounds and supporting its selection for further studies.
Antioxidant activity study
A. Evaluation of scavenging activity on DPPH radicals:

DPPH assay is a widely used method to assess the free radical scavenging activity of compounds, where the stable DPPH radical
is reduced upon receiving an electron or hydrogen atom, indicating antioxidant potential; the reduction is measured by a
decrease in absorbance, and a concentration-dependent response is typically observed, with greater scavenging activity at higher
compound concentrations (as shown in table 2), reflecting their hydrogen-donating ability and primary antioxidant strength.

% scavenging of DPPH = (Acsauol — Atest) / Acontrot X 100

Table No. 2: Effects of test extracts on % DPPH inhibition

% scavenging activity on DPPH radicals

Conc. 1
onc. (ug/ml) Ascorbic acid Ethyl acetate leaf

25 14.34% 12.79%
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50 33.95% 23.56%
75 57.82% 34.10%
100 62.09% 44.96%
125 72.71% 55.11%

The ethyl acetate leaf extract of Fius racemosa showed significant antioxidant activity as compared to the ascorbic acid and 1Cso
for ethyl acetate extract was found to be 105 ug mL!

B. In-vitro Anti-Inflammatory Activity:

The in-vitro anti-inflammatory activity of Ficus racemosa ethyl acetate leaf extract was evaluated using the HRBC membrane
stabilizing method, where the extract at 1000 pg/ml demonstrated notable membrane stabilization compared to Diclofenac
potassium; since lysosomal enzymes released during inflammation contribute to various disorders, and HRBC membranes
resemble lysosomal membranes, the extract’s ability to prevent hypotonicity-induced hemolysis indicates its potential to inhibit

enzyme release or stabilize membranes, reflecting its anti-inflammatory efficacy as shown in table 3.

% Inhibition of haemolysis = [Absorbance of control — Absorbance of test] X 100

Absorbance of control

Table No. 3: In-vitro anti-inflammatory activity of extracts of Ficus racemosa leaf

Treatment Absorbance % Inhibition
Control 0.256 -
Extract 0.165 35.54
Diclofenac 0.155 65.16

The results have found that ethyl acetate leaf extract showed significant anti-inflammatory activity.
Synthesis of Silver Nanoparticles

Silver nanoparticles were biologically synthesized using the ethyl acetate extract of Ficus racemosa leaves, leveraging the extract’s
rich flavonoid content, which not only contributes to hepatoprotective activity but also facilitates the reduction of silver ions to

nanoparticles; this green synthesis approach utilizes the natural reducing and stabilizing properties of phytoconstituents present

in the extract, making it an effective and eco-friendly method for nanoparticle formation.

Optimization and Validation of Method for the Preparation of Silver Nanoparticles

Table No. 4: Batches for synthesis of sliver nanoparticles by Box Behnken Design

Runs Conc of AgNO; Temp (°C) pH Particle ?ize Absorba.nce
M) (nm) Intensity
1 0.05 60 9 216 0.588
2 0.05 80 11 267 0.512
3 0.1 80 10 350 0.443
4 0.01 80 10 155 0.639
5 0.01 70 11 165 0.698
6 0.01 60 10 171 0.690
7 0.05 70 10 229 0.573
8 0.1 70 9 313 0.502

Natural Resources for Human Health (NRFHH)
https://nrfhh.com

1451



Natural Resources for
Human Health

elSSN: 2583-1194

9 0.05 60 11 229 0.542
10 0.1 70 11 315 0.486
11 0.1 60 10 355 0.423
12 0.05 70 10 228 0.573
13 0.05 80 9 216 0.553
14 0.01 70 9 150.32 0.715
15 0.05 70 10 237 0.573
Particle size = + 240.13 A + 85.75 B +2.12 C ........Equation 1

Absorbance intensity = + 0.5730 — 0.1105 A — 0.0120 B — 0.0145 C + 0.0178 AB -0.0008 AC + 0.0012 BC + 0.0131 A2 —
0.0374 B2 + 0.0131 C2...........Equation 2

Factor-Response Relationship and Response Surface Mapping

Response surface analysis using 3D plots revealed significant interactions among independent variables—silver nitrate
concentration, temperature, and pH—and their effects on response variables such as particle size and absorbance intensity; Fig 1
showed that increasing silver nitrate concentration and temperature led to larger particle sizes, while Figs 2, 3, and 4 demonstrated
that decreasing silver nitrate concentration, temperature, and pH resulted in higher absorbance intensity, indicating more efficient
nanoparticle formation under milder synthesis conditions.

C—_— 20 Surtoen

Fig No. 1: Counter plot and 3D Response surface plot showing effect of concentration of silver nitrate and temperature on
Particle size

= Cosing Asted D Surtece

b b

N —

Fig No. 2: Contour plot and 3D-Response surface plot showing effect of concentration of AgNO3 and Temperature
on Absorbance intensity (abs)
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310 Surface

Fig No. 3 Contour plot and 3D-Response surface plot showing effect of concentration of AgN03 and pH on Absorbance

intensity
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Fig No. 4: Contour plot and 3D-Response surface plot showing effect of pH and Temperature on Absorbance intensity
Validation of sliver nanoparticle

Checkpoint batches C1 and C2 were prepared based on the optimized conditions derived from the overlay plot, and evaluated
for particle size and absorbance intensity as shown in Table 1.9; when the actual experimental values were compared with the
predicted values from the response surface model, all responses showed less than 5% deviation as shown in table 5, confirming
the accuracy and reliability of the optimization process.

Table No. 5: Predicted and actual response of checkpoint batch

Batch C1 Batch C2
Evaluation
parameters Predicted Actual value % Error Predicted Actual % Error
value value value
Particle size 156.242 158.365 1.35 % 156.04 161.08 3.22 %
Absorb
psorbance 0.6303 0.6491 2.98 % 0.695 0.711 2.30 %
ntensity

3.6.3 Optimization of silver nanoparticle

The overlay plot indicated the yellow colour region as the optimized region along with the flagged point representing
concentration of silver nitrate 0.01M, temperature at 70 °C and at pH 10, as the optimized silver nanoparticle synthesis as
shown in figure 5. This also indicated predicted response for the synthesized silver nanoparticle having particle size and
absorbance intensity.
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Fig No. 5: Overlay plot for optimization
Table No. 6: Results of optimized batch
Concentration of | Temprature pH Absorbance Particle Size
Batch AgNO;3 (M) ©C) Intensity
Optimized 0.01M 69 10 0.725 £ 0.02 151.32 £ 1.32 nm
batch

Above are the results of the optimized batch obtained practically, which is the same as suggested by DoE software.
Characterization of Silver Nanoparticles
UV-Visible Spectrophotometry

The optimized silver nanoparticles were subjected to UV-Visible spectrophotometer, which produced absorption spectra of the
nanoparticles depicted in (Fig No. 6). At the optimal setting of concentration of silver nitrate, temperature and pH, optimized
silver nanoparticles were synthesized. The spectrum depicting the peak was observed at 400-430 nm with yellowish brown
colour of the silver nanoparticle dispersion owing to the surface plasmon resonance of synthesized silver nanoparticles.

Fig No. 6: Absorption spectra of the silver nanoparticles
Percentage Entrapment Efficiency

The optimum entrapment efficiency was found to be 75.45% for silver nanoparticles, optimized batch formulation was enough
to entrapped Ficus racemosa leaf extract.

Particle Size and Polydispersity Index

Particle size distribution of optimized silver nanoparticles as per DLS was found to be having average diameter of 151.32 nm
and 0.238 polydispersity index (Fig No. 7). This indicated nanosized range of the silver nanoparticles, which is required for the
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desired activity. The optimum particle size and polydispersity index was based on the concentration of silver nitrate, temperature
and pH.
Zeta Potential Measurement

The zeta potential of optimized silver nanoparticles was found to be -12.6 mV (Fig No. 8). The observed zeta potential was in
the stability range i.e., -30 mV to +30 mV depicting the stability of the formulation.

Fig. No. 7: Particle Size of Silver Nanoparticles Fig. No.8: Zeta potential of Silver Nanoparticles

Differential Scanning Calorimetry

Fig. No. 9: DSC Thermogram of Ficus racemosa leaf Fig No. 10: DSC Thermogram of Silver nanoparticle of
Extract Ficus racemosa leaf extract Extract

Fig No. 11: DSC Thermogram Overlay of Ficus racemosa Extract and Sliver Nanoparticles

DSC study demonstrated that Ficus racemosa ethyl acetate leaf extract showed the presence of sharp endothermic peak at
126.15°C as shown in (fig.no.9). DSC thermogram of Ficus racemosa ethyl acetate leaf extract silver nanopatticles as shown in
(fig.no. 10) the broad endothermic peak at 111.69°C which is shifted due to the formation of nanopatticles. The endothermic
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peak of the silver nanoparticle was well observed with slight change in terms of broadening of the peak and shifting toward
lower temperature. Thus, these minor changes in the melting peak of the silver nanoparticle could be due to the encapsulation

of the extract and silver nanoparticles. (fig. no. 11) show overlay of extract and silver nanoparticles.

X-Ray Diffraction

The diffractogram (Fig No. 12) of ethyl acetate extract of Ficus racemosa leaf peak patterns showed broad peaks which confirmed
that the extract was amorphous in nature at 20. However, broad peaks with reduced intensity (Fig No. 13) of silver nanoparticles
of ethyl acetate extract of Ficus racemosa indicating the complete amorphous form of the silver nanoparticle. Overlay of extract

and silver nanoparticles (Fig No. 14) showing extract encapsulation inside the nanoparticles.

Fig No. 12: XRD pattern of Ficus racemosa leaf extract
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Fig No. 14: XRD Analysis of overlay of extract and silver nanoparticle

Field Emission Scanning Electron Microscopy

Fig. No. 13: XRD pattern of Silver nanoparticles

Shape analysis and surface morphology of silver nanoparticles of optimized batch were carried out by FE-SEM. FE-SEM
images of silver nanoparticles revealed that the surface was smooth and slightly oval in shape (Fig No. 15 and 16). The images
were taken at 70,000X and 50,000X in which some of the silver nanoparticles were aggregated, and some individual particles

were also observed.
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Fig No. 15: FESEM 70,000X of Silver nanoparticles ~ Fig No. 16: FESEM 5,000X of Silver nanoparticles
Stability Study

Stability testing assesses how the quality of a product (including its packaging) varies with time under the influence of
environmental factors, including temperature, humidity and light. Stability study was performed on silver nanoparticle of Ficus
racemosa and there was no major change in the parameters like drug content which indicated stability of the formulation at
40°C/75% RH for a petiod of 3 months and it was found that the formulation justifies all the characterization parametets even
after 30 days, 60 days, and 90 days. The observations obtained showed that the formulation does not change in any parameters.
The results have been compiled in Table No. 9.

Table No. 9: Stability data of final optimized batch

Evaluation 0 day 30 day 60 day 90 day
Parameters
Colour Brown Brown Brown Brown
Absorbances Intensity 0.725 £ 0.011 0.733 £ 0.016 0.803 = 0.014 0.812 £ 0.018
Particle Size 151.32 £ 2.34 156.52 £ 2.67 165.87 £ 3.12 170.12 = 3.18 nm
nm nm nm

In-Vivo Study
Biochemical study

CCly-induced hepatotoxicity resulted in marked elevation of liver biomarkers including AST, ALT, ALP, total and direct
bilirubin, indirect bilirubin, total protein, albumin, and globulin, as presented in Table 10; post-treatment with 400 mg/kg of
crude ethyl acetate leaf extract and silver nanoparticles of Ficus racemosa significantly attenuated these elevated levels, indicating

strong hepatoprotective effects and restoration of liver function.

Table No. 10: Effect of CCly, Extract and Silver nanoparticles on Rat Liver

Total Direct Indirect SCO SGPT Alkaline Total Albumi Globuli
Group ]3111r1/1211r‘1 Bilirubin ]?1]11'1/1321 (A';‘T) (ALT Pho(sllj);l;t)as Protei n n (g/dl)

m m, e n

8 (mg/dL | 8 ) (g/dl)
) ) ) (U/L) (g/d1)
(U/L)
Group I
lgorma: 0.23* 0.10 = 0.13 = 212.9 160.1 224.0 £ 2.15 6.32 & 3.56 = 2.76 =
ontro 0.013 0.004 0.005 t427 | £212 0.46 0.13 0.11
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e of extract

Group II
CCly
Comciol 0.48 + 0.55 + 038+ | 7512 | 4183 | 364+218 | 781+ | 520+ | 461+
ontro 0.02 0.021 0017 | £513 | +2.97 0.53 0.12 0.17
Group III
Ficus 0.34 + 025 + 020+ | 2673 | 187.9 | 246+214 | 649+ | 398+ | 305+
racemosa 0.013 0.014 0011 | +336 | +1.98 0.39 0.34 0.13
Leaf
Extract
Group VI
Silver
| o2tz 0.13 + 015+ | 2238 | 1632 | 223.0+219 | 625+ | 362+ | 289+
nanopartic 0.011 0.007 0.008 | £298 | +2.16 0.28 0.28 0.11

Histopathology

Histopathological evaluation of liver tissues presented in Fig. 17 demonstrated the protective effects of Ficus racemosa ethyl

acetate leaf extract and its silver nanoparticle formulation against CCls-induced liver damage. The normal control group (Fig.

17 A) exhibited intact hepatic architecture with well-preserved hepatocytes and normal central veins. In contrast, the CCly-
treated group (Fig. 17 B) showed extensive hepatic injury, including fatty infiltration, hepatocyte degeneration, congested veins

and sinusoids, damaged biliary ducts, and bridging necrosis—indicative of severe hepatotoxicity. Treatment with 400 mg/kg of

Ficus racemosa ethyl acetate extract (Fig. 17 C) resulted in noticeable histological improvement, with only mild fatty

degeneration, reduced inflammation, and interstitial edema, while maintaining normal vein structure. Remarkably, rats treated

with 400 mg/kg of silver nanoparticles of the extract (Fig. 17 D) displayed neatly normal hepatic histology, with restored
hepatocytes and vein integrity, suggesting superior hepatoprotective efficacy of the nanoparticle formulation over the crude

extract.

Fig. No. 17 Illustrates the histopathological changes in liver sections across different treatment groups, highlighting the

Panel A shows the liver section from the normal control rat, displaying well-organized hepatic architecture with healthy

hepatocytes and intact central veins, indicative of normal liver function.

Panel B reveals the liver damage induced by CCly, characterized by extensive fatty infiltration, degeneration of hepatocytes,

protective effects of Frus racemosa extracts.

congestion in veins and sinusoids, degeneration of the biliary duct, and bridging necrosis—hallmarks of severe hepatotoxicity.
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Panel C, representing rats treated with CCly and 400 mg/kg of Ficus racemosa ethyl acetate leaf extract, shows significant
histological improvement, with only mild fatty degeneration, reduced inflammation, and interstitial edema, while the vein

structure remains largely preserved.

Panel D demonstrates the most pronounced recovety in rats treated with CCly and 400 mg/kg of silver nanopatticles of the
extract, where liver histology closely resembles that of the normal control, with nearly normal hepatocytes and vein architecture,

suggesting that the nanoparticle formulation offers enhanced hepatoprotective efficacy compared to the crude extract.
4. CONCLUSION

The ethyl acetate leaf extract of Ficus racemosa demonstrated high levels of flavonoids and polyphenols, which are known for
their potent antioxidant and hepatoprotective properties. Ex-vivo studies confirmed strong anti-inflammatory effects, supporting
its therapeutic potential in liver disorders. Animal trials further revealed that silver nanoparticles synthesized from this extract
offered superior hepatoprotection compared to the crude extract and its syrup formulation, indicating that nanoparticle-

enhanced herbal preparations could provide a more effective intervention for hepatotoxic conditions.
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