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ABSTRACT: The Rubiaceae family includes the medicinally significant species Adina cordifolia (Roxb.) Hook. f. ex-
Brandis, traditionally used to treat conditions such as inflammation, fever, wounds, and parasitic infections. This study
investigates the phytochemical profile, pharmacognostic properties, and bioactive potential of Adina cordifolia (ACF) leaf
and bark extracts. Emphasis was placed on evaluating antioxidant and anti-inflammatoryactivities and determining
rutin and tannic acid levels using High-Performance Thin-Layer Chromatography (HPTLC).Pharmacognostic analysis
involved morphological and microscopic studies of ACF leaves, aiding botanical characterization. Soxhlet extraction was
performed using various solvents, with ethanol yielding the highest extractive values for leaves (31.5%) and bark
(29.8%). Phytochemical screening identified carbohydrates, flavonoids, tannins, saponins, alkaloids, and triterpenoids in
the extracts, with ethanol and butanol showing the highest concentrations. HPTLC analysis quantified rutin, while
antioxidant activity was assessed through the DPPH assay. The anti-inflammatory potential was evaluated using protein
denaturation and HRBC membrane stabilization techniques. HPTLC analysis confirmed the presence of rutin in all leaf
extracts, with the butanolic extract showing the highest concentration (0.43%), while tannic acid was absent in the leaf
extracts. The butanolic extract exhibited strong antioxidant activity, with an IC50 value of 36.90 ug/ml. Ethanolic extracts
had the highest tannin (14.4%) and polyphenol (5.2%) content, correlating with significant bioactivity. Anti-inflammatory
assays further highlighted the therapeutic potential of ACF extracts. These findings substantiate its traditional uses and
underscore its relevance in modern pharmacological research.
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1. INTRODUCTION

Known by many as "Kadam" or "Haldu," Adina cordifolia (Roxb.) Hook. f. ex-Brandis is a well-
known species in the Rubiaceae family that is extensively dispersed throughout the Indian subcontinent and
Southeast Asia. This herb has historically been widely utilized in ethno medicine to treat a wide range of
ailments, such as fever, inflammation, wounds, and skin disorders [1]. Adina cordifolia (ACF) has a rich
phytochemical profile that includes flavonoids, alkaloids, glycosides, and tannins, which is largely
responsible for its therapeutic efficacy [2]. Flavonoid glycoside rutin is one of the main bioactive substances
found in ACF. This substance is well known for having strong antioxidant qualities that allow it to scavenge
free radicals and shield biological systems from oxidative stress [3]. Additionally, rutin significantly reduces
inflammation by blocking enzymes like cyclooxygenase and lipoxygenase, important intermediaries in
pathways leading to inflammation [4]. Rutin's various pharmacological actions highlight how crucial it is to
precisely quantify and standardize it in herbal medicines made from ACF.

A critical phase in the standardization of medicinal plants is pharmacognostic assessment. It entails
a thorough examination of the plant material's morphological, anatomical, and physicochemical properties.
Such assessments are essential for guaranteeing the genuineness, quality, and purity of herbal medications,
especially in light of the expanding issue of adulteration and replacement in the herbal market [5].
Comprehensive pharmacognostic studies are required for ACF in order to differentiate it from comparable
species and to set guidelines for quality control.
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For accurate quantification of bioactive chemicals in plant materials, sophisticated analytical
techniques are necessary in addition to pharmacognostic assessments. The efficacy of High-Performance
Thin-Layer Chromatography (HPTLC) in the separation, identification, and quantification of phytochemicals
has made it a preferred technique [6]. Several benefits come with HPTLC, such as ease of use, affordability,
and the capacity to examine multiple samples at once. HPTLC offers a strong and dependable technique for
quantifying rutin in ACF, guaranteeing the medicinal grade of the plant extract is consistent [7].

Plants are important for healing because they contain compounds that are particularly strong and
affect human physiology. Major population globally rely on herbal remedy [8,9]. Hepato-defensive [10],
along with other natural qualities, have been isolated from several locations. These include moderating,
combating diabetes, being hostile to amoebic, antiulcer, combating nociceptive, antibacterial, and anticancer.
This spice has been utilized in the past to cure a variety of illnesses, including conjunctivitis, barrenness,
bacterial infection, fever, cold/hack, toothache, stiffness, congestion, and other ailments [11,12]. Beyond its
conventional applications, ACF has a wide range of medicinal possibilities.

It has been demonstrated that ACF extracts alter pro-inflammatory cytokines, which lowers
inflammation and opens up new possibilities for the creation of anti-inflammatory drug therapies [13].
Furthermore, ACF's antioxidant activity enhances its therapeutic potential by reducing oxidative stress,
which is a major contributor to the aetiology of numerous chronic illnesses, such as cancer, heart disease,
and neurological disorders [14,15]. The goal of the current work is to quantify rutin using HPTLC and do a
thorough pharmacognostic evaluation of ACF leaves. In addition, the study aims to characterize the leaf
extract's antioxidant, anthelmintic, and anti-inflammatory properties.

Current studies are investigating its antioxidant, and anti-inflammatory properties. With the
prevalence of chronic inflammatory disorders on the rise, the anti-inflammatory activity is especially
noteworthy. This will support the extract's prospective uses in modern medicine and provide traditional
practices a scientific foundation. This strategy will guarantee the consistent use of ACF in herbal
formulations and help establish it as a useful resource in pharmacological research.

2. RESULTS AND DISCUSSION

2.1 Macro-morphological and microscopic evaluation

The leaves are simple, opposite, and arranged in a decussate pattern. They have stipules that are
interpetiolar, obovate, foliaceous, and shed early, measuring 10-12 x 7 mm. The petiole is stout, pubescent,
and varies in length from 4-10 cm. The leaf blade is either orbicular, ovate, or broadly ovate, typically
measuring 10-20 x 10-20 cm, with a heart-shaped base and a pointed apex. The leaf margins are smooth, with
the upper surface being glabrous and the lower surface pubescent, giving the leaf a papery texture. The
leaves feature 5-7 main nerves originating from the base, with 3-5 pairs of lateral, pinnate, and prominent
nerves. The intercostal veins are prominent and arranged in a ladder-like pattern, with domatia also present.
The microscopic evaluation of ACF leaf reveals distinct anatomical features critical for its identification and
characterization. The transverse section of the ACF leaf, shows well-defined vascular bundles consisting of
xylem and phloem, along with palisade cells and unicellular covering trichrome. The powder microscopic
images, highlights the presence of key leaf tissues, including mesophyll, epidermis, and covering trichrome.
Notably, the stomatal analysis indicates a stomatal number of 100 per square millimetre, with a stomatal
index approximately valued at 6.06. These findings contribute to the comprehensive understanding of the
leaf’s microstructural properties, aiding in its pharmacognostic evaluation. Additionally, the powder
microscopy of ACF bark, demonstrates the presence of phloem fibres and cork cells, further supporting the
detailed characterization of this plant material.

2.2 Extraction and Fractionation of Chemical Constituents from Plant Materials

Using ethanol as the solvent, a Soxhlet device was used to extract the bark and leaves of ACF (Figure
1). After the extraction, different solvents were used to calculate the percentage yield of different fractions
from the bark and leaf, as indicated in (Table 1).

With an ACEF leaf extract yield of 31.5% w/w and a bark extract yield of 29.80% w/w, the alcoholic
extract produced the greatest fraction of all the solvents examined. By comparison, the yields from the
petroleum ether extract were much lower, yielding 1.23% w/w for the leaf and 0.70% w/w for the bark. For
the leaf and bark, the chloroform extracts produced yields of 1.84% and 1.60% w/w, respectively. The yields
of the ethyl acetate fraction were 3.76% w/w for the bark and 3.49% w/w for the leaf. Moderate yields were
observed in the n-butanol extract, with 14.24% w/w for the leaf and 9.48% w/w for the bark. These findings
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suggest that, as compared to the other solvents examined, ethanol is a more efficient solvent for removing
bioactive chemicals from ACF bark and leaf.

Figure 1. Sequential Fractionation of Adina cordifolia Extracts, (A) Petroleum Ether Fraction, (B) Chloroform
Fraction, (C) Ethyl Acetate Fraction, (D) n-Butanol Fraction

Table 1. Physical characteristics and percentage yield of Adina cordifolia leaf and bark extracts across different
solvent fractions

Leaf Bark
Extract Color &
. 0 . 0 .
Color & consistency % W/W yield consistency % W/W yield
Alcoholic extract Greenish brown (soft 31.5% Dark brown 29.80%
extract) (soft extract)
Petroleum ether (fraction-1) Yellowish (sticky) 1.23% Y(eslgi(;vll/;h 0.70%
Chloroform (fraction-2) Light yellow (sticky) 1.84% ng(}s‘:izlfg)ow 1.60%
. Light brown o Light brown o
Ethyl acetate (fraction-3) (dry residue) 3.49% (dry residue) 3.76%
N-Butanol Dark brown o Dark brown o
(fraction-4) (dry residue) 14.24% (dry residue) 9.48%

2.3 Phytochemical screening

As shown in (Table 2), the chemical analysis of ACF leaf and bark extracts revealed a variety of
phytoconstituents in various solvent extracts. Numerous experiments, including Molisch's and Benedict's,
verified that there were large amounts of carbohydrates present in the alcoholic and butanol extracts.
Mayer's and Wagner's experiments showed that the alcoholic and chloroform extracts contained the highest
concentrations of alkaloids. Positive results in the ferric chloride, Shinoda, and foam tests indicated the
presence of tannins, flavonoids, and saponins in high concentrations in the alcoholic, ethyl acetate, and
butanol extracts. Furthermore, using the Liberman-Burchard and Salkowski tests, steroids and triterpenes
were detected in the petroleum ether and chloroform extracts. These findings emphasize the potential
medicinal uses of the bioactive chemicals found in ACF leaf and bark by providing a thorough
characterization of them.

Table 2. Phytochemical screening of Adina cordifolia leaf and bark extracts and their fractions

Chemical Constituents Tests AE EAE BE CE PE
1. Molisch’s test +++ — + - -
2. Benedict's test +++ — + - —

h
Carbohydrate 3. Fehling’s test + — — — —

4. Barford’s test - — — — —
1.Millon'’s test — — — — —

Proteins 2. Biuret test — — — . .
3.Ninhydrin test — — — - .
1.Mayer’s test + — — + -

Alkaloids 2.Wagner’s test - — — . .
3.Dragendorf’s test — — — + -
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4 Hager's test — — — - —
1. Modified Borntrager’s - —_ —_ — .
Glycosides 2. Legal’s Test - - — — —
3. Balget Test — - — — —
1.Ferric chloride test +++ +++ +++ — —
Tannins 2.Lead acetate test + + ++ — —
3.Gelatin test + + + — —
1. Shinoda Test +++ +++ +4++ — —
. 2. Ferric chloride test +++ +++ +4++ i —
Flavonoids . .
3. Mineral acid test +++ +++ +4++ - o
4. Lead- acetate test +++ +++ +++ - —
. . 1. Liberman-Burchard’s — — — + +
Steroids and triterpenes 5 Salkowski’s Test _ - _ N N
Saponins 3. Foam test ++ + +++ — —
AE: Alcoholic Extract, EAE: Ethyl Acetate Extract, BE: Butanol Extract, CE: Chloroform Extract, PE: Petroleum Ether Extract ("+"
indicates the presence of the constituent, "---" indicates absence, and "+++" indicates strong presence)

2.3.1 Determination of Total Flavonoid Content

Using UV spectroscopy, the total flavonoid concentration of ACF leaf extracts was estimated, with particular
attention paid to the ethanolic, butanolic, and ethyl acetate extracts. With an average of 2.5% w/w, the
butanolic extract indicated the highest flavonoid content, according to the results. The extract made from
ethyl acetate came next, with an average flavonoid concentration of 2.2% w/w. With an average of 2.0%
w/w, the ethanolic extract had the lowest flavonoid content (Figure 2A). These results imply that, in
comparison to the other extracts examined, the butanolic extract of ACF leaves is especially rich in
flavonoids.

2.3.2 Determination of Total Tannin Content

Using UV spectroscopy, the total tannin content of ACF leaf extracts was ascertained, with particular
attention paid to ethanolic, butanolic, and ethyl acetate extracts. With an average tannin level of 14.4% w/w,
the study showed that the ethanolic extract had the highest tannin content. The butanolic extract came next,
with an average tannin content of 12.4% w/w. With an average of 9.4% w/w, the ethyl acetate extract
exhibited the lowest tannin content (Figure 2B). According to these findings, the ethanolic extract has the
highest tannin content of all the extracts examined, suggesting that it may be used as a source of compounds
high in tannins.

2.3.3 Determination of total Polyphenols Content

Using UV spectroscopy, the number of total polyphenols in ACF leaf extracts was estimated by looking at
ethanolic, butanolic, and ethyl acetate extracts. With an average polyphenol level of 5.2% w/w, the ethanolic
extract was found to have the highest polyphenol content. The butanolic extract, with an average weight-to-
weight ratio of 4.6%, came next. With an average of 42% w/w, the ethyl acetate extract had the lowest
polyphenol content (Figure 2C). These results reveal that the ethanolic extract has a higher polyphenol
content than the other extracts, which may be useful for applications that call for high polyphenol
concentrations.

TOTAL FLAVONOID CONTENT TOTALTANNIN CONTENT TOTAL POLYPHENOL CONTENT

Figure 2. Total Flavonoid Content (A) Total Tannin Content (B) Total polyphenol Content (C) in Adina
cordifolia leaf extracts.
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2.4 HPTLC identification and quantification of extract:
This work used the High-Performance Thin-Layer Chromatography (HPTLC) method to identify,
fingerprint, and quantify (where applicable) rutin and tannic acid in ACF leaf and bark extracts (Figure 3).
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Figure 3. Derivatization under A) White light B) under 366 nm

Three bark extracts (alcoholic extract, butanol fraction, and ethyl acetate fraction) and three leaf
extracts (alcoholic extract, butanol fraction, and ethyl acetate fraction) were among the six samples that were
analyzed. The samples were made at a concentration of 10 mg/ml in methanol, and then they were ultra-
centrifuged and sonicated for 15 minutes. Whatman Paper No. 1 was used as the stationary phase, which
was Aluminium TLC silica gel 60 F254 by Merck, with a developing distance of 70 mm from the plate's
lower edge and a saturation duration of 20 minutes. For the purpose of separating rutin and tannic acid, the
mobile phase was composed of ethyl acetate, formic acid, acetic acid, and water in a ratio of 100:11:11:26.
Vanillin Sulfuric Acid Reagent (VSR reagent) was used for tannic acid and Natural Product Reagent (NP
reagent) for rutin throughout the derivatization process (Figure 4).

A thorough comprehension of the chemical profiles and contents in the bark and leaf extracts was
made possible by the HPTLC analysis. Following derivatization with NP reagent, fingerprint analysis of the
leaf extracts showed a noticeable yellow band that corresponded to rutin with an Rf value of 0.65 in all three
samples, demonstrating the presence of rutin in each extract. Rutin concentrations of 0.25% in the ethanolic
extract, 0.43% in the butanolic extract, and 0.35% w/w in the ethyl acetate extract were obtained using
single-point calibration with a Linear-1 regression model. After derivatization (Figure 5) with VSR reagent,
tannic acid was not found in any of the leaf samples, indicating that it was not present in these extracts.
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R 366 - Developed, Remission366

Figure 4. Fingerprinting at 254 and 366 nm

Figure 6 displays the fingerprint graphs and HPTLC spectra and Figure 7 shows the linearity single
point calibration for rutin at 540 nm. HPTLC fingerprinting was done on the bark extracts at both 254 and
366 nm.
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Figure 5. HPTLC spectrum of Adina cordifolia at 540 nm, I) Standard Rutin II) Ethanolic extract III) Butanolic
extract IV) Ethyl acetate extract.
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Figure 6. HPTLC fingerprint spectrum of Adina cordifolia at 540 nm I) Standard Rutin II) Ethanolic extract
III) Butanolic extract IV) Ethyl acetate extract.
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Figure 7. Single point calibration for Rutin at 540 nm

Four prominent bands were detected at 254 nm, with Rf values of 0.12, 0.21, 0.36, and 0.53,
suggesting the existence of different chemicals. Five prominent bands having Rf values of 0.10, 0.23, 0.39,
0.54, and 0.82 were seen at 366 nm, indicating the presence of additional ingredients in the bark extracts. The
successful identification and isolation of rutin in the leaf extracts was validated by the yellow-colored bands
that were compact, crisp, and high-resolution following derivatization [34,35]. Several components were
further validated by derivatization and subsequent HPTLC analysis of the ACF bark extract at both 254 and
366 nm. In addition to effectively identifying rutin, the investigation revealed the whole chemical fingerprint
of the bark and leaf extracts, emphasizing the leaf extracts' lack of tannic acid. The plant's valuable botanical
features and chemical composition were brought to light by the pharmacognostic evaluation and HPTLC
identification of ACF (R) Hook, which helped with the plant's taxonomical classification, authentication, and
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quality control. These results highlight how important HPTLC is to the standardization and quality control
of ACF.

2.5 Method validation parameters

The developed HPTLC method was validated for linearity, LOD, LOQ, accuracy, and precision,
following ICH guidelines (Table 3). Six serial dilutions of each analyte were prepared in triplicate to
construct calibration curves, plotting average peak area against concentration using least squares regression.
To determine the linearity range of standard rutin, six bands (1.0-6.0 pL) were applied to the HPTLC plate,
and a peak area vs. concentration graph was created. The linearity varied between 0.5 to 5.5 ng/ml. The
accuracy of mean recoveries is found in the range of 96.5% to 100.6%

Table 3. Method validation of Rutin using HPTLC

Parameters Results
Linearity range 0.5-5.5ng/ml
Correlation coefficient (R2 + SD) R=0.9801
LOD 0.00079 ng
LOQ 0.0031 ng
Specificity Specific

RSD (%) of Intraday precision (n = 3) 1.49 %

RSD (%) of Inter day precision (n = 3) 0.81 %

2.6 Antioxidant activity

Using the DPPH (2,2-diphenyl-1-picrylhydrazyl) assay, the antioxidant activity of ACF leaf extracts
was thoroughly assessed in ethanolic, butanolic, and ethyl acetate extracts. The concentration-dependent
increase in Radical Scavenging Activity (% RSA) exhibited by each extract underscores their potential as
organic antioxidants. The percentage of RSA in the ethanolic extract ranged from 32.73% at 40 pg/ml to
46.82% at 200 pg/ml, indicating moderate antioxidant activity. Across the investigated concentrations, the
IC50 values —which show the concentration needed to block 50% of DPPH radicals —rose from 3.21 pug/ml
to 48.92 pug/ml. This indicates that although the ethanolic extract possesses antioxidant qualities, at greater
doses it becomes more effective at scavenging radicals (Table 3). The butanolic extract also shown notable
antioxidant activity; at 40 pug/ml, the % RSA values increased to 23.95%, and at 200 pg/ml, they reached
44.21%. Additionally, the IC50 values increased from 4.24 pg/ml to 36.90 pg/ml, showing a strong dose-
response relationship [36,34].

Table 4. Radical Scavenging Activity (%RSA) and IC50 Values of Adina cordifolia Leaf Extracts

Ethanolic extract Butanolic extract Ethyl acetate extract
Concentration

(pg/ml) % RSA IC50 % RSA IC50 % RSA IC50

40 32.73 3.21 23.95 424 16.88 4.63

80 35.23 14.64 30.00 1241 24.38 11.20

120 39.55 26.06 33.16 20.57 30.94 17.77

160 42.05 37.49 38.95 28.73 37.19 24.34

200 46.82 48.92 44.21 36.90 40.94 30.91

This extract is a strong contender for lowering oxidative stress since it has a stronger anti-free radical
effect than the ethanolic extract. Although the ethyl acetate extract demonstrated antioxidant activity as well,
its total efficacy in scavenging free radicals was marginally lower than that of the other two extracts. The
IC50 values increased from 4.63 pg/ml to 30.91 ug/ml, while the percentage RSA varied from 16.88 % at 40
pug/ml to 40.94% at 200 pg/ml. Its antioxidant capacity is noteworthy; however, it performs marginally
worse than the butanolic extract. Because bioactive components like flavonoids and polyphenols are
important for radical scavenging, variations in their solubility and concentration can explain the variance in
antioxidant efficacy across these extracts. The ethyl acetate extract, while having a strong antioxidant
capacity, may contain less of these active ingredients, resulting in a relatively lower percentage of RSA and
higher IC50 values. In contrast, the butanolic extract may be more effective because of its superior ability to
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extract these chemicals. All things considered; these results highlight how crucial solvent selection is to
enhancing plant extracts' antioxidant potential.

2.7 Anti-inflammatory activity
2.7.1 Human red blood cell (HRBC) membrane stabilization method

The ability of different extracts to shield red blood cells from hemolysis was measured in order to
assess their anti-inflammatory effectiveness using the HRBC membrane stabilization method. The
benchmark drug, aspirin, showed up to 79.97% protection at 1000 pg/ml. While the n-butanol extract offered
up to 60.44% protection at the highest dosage, the ethanolic extract shown moderate action, with a maximum
protection of 68.15%. At 1000 pg/ml, the ethyl acetate extract showed impressive stability, attaining 71.23%
protection. These findings suggest that all extracts have concentration-dependent anti-inflammatory
qualities, with the plant extract with the highest efficacy being ethyl acetate [37,38].

2.7.2 Protein denaturation method

Using a heat-induced protein denaturation method, the % inhibition of protein denaturation for
various extracts and aspirin (standard) was determined. The inhibition exhibited by aspirin was dose-
dependent, rising from 6.38% at 62.5 pg/ml to 63.83% at 1000 pg/ml. At 1000 pg/ml, the ethanol extract
showed a noteworthy inhibition of 70.57%, but the n-butanol extract showed the highest level of inhibition at
77.30%. With a high of 64.89%, the ethyl acetate extract demonstrated moderate activity. These findings
suggest that by preventing protein denaturation, the extracts have significant anti-inflammatory qualities.

3. CONCLUSION

The rich therapeutic and phytochemical potential, particularly in antioxidant, anti-inflammatory,
and anthelmintic applications, was highlighted in the present research on ACF leaf and bark extracts.
Pharmacognostic evaluations, including macro-morphological and microscopic analyses, provide essential
information for accurate identification and quality control, helping distinguish ACF from adulterants.
Phytochemical screening identified significant levels of flavonoids, tannins, alkaloids, and saponins,
especially in ethanol and butanol extracts. HPTLC fingerprinting confirmed rutin as a primary bioactive in
leaf extracts, although tannic acid was either absent or minimal. Analytical validation parameters were
established for rutin quantification, showing a linearity range from 0.5-5.5 ng/ml with a correlation
coefficient (R? + SD) of 0.9801. The limit of detection (LOD) and limit of quantification (LOQ) were
determined to be 0.00079 ng and 0.0031 ng, respectively, indicating high sensitivity. The method
demonstrated specificity, with intraday precision (RSD %) of 1.49% (n = 3), ensuring reliable reproducibility.
Antioxidant activity assays showed that all extracts effectively scavenged free radicals, with the butanol
extract demonstrating the highest activity, likely due to a high concentration of phenolic and flavonoid
compounds. Both the HRBC membrane stabilization and protein denaturation assays supported the anti-
inflammatory potential of the extracts, with the ethyl acetate and butanol extracts showing strong effects.
These findings suggest that ACF’s bioactive components could aid in developing anti-inflammatory
treatments by modulating pro-inflammatory cytokines. In summary, this study supports ACF’s traditional
medicinal use and suggests its potential for modern therapeutic applications. Further research is essential to
isolate and characterize the active compounds to ensure consistent therapeutic efficacy.

4. MATERIALS AND METHODS

4.1 Chemicals and Reagents
CHD Chemicals in Mumbai, MS, India is where we got all of the analytical grade chemicals.

4.2 Collection, identification and authentication of plant material

The Western Ghats, namely the Shimoga district, are where the bark and leaves of ACF were
gathered. Dr. Halleshi C., an assistant professor in the botany department of Davangere University in
Davangere, verified the authenticity of the plant. After a thorough washing, the fresh bark and leaves were
dried in the shade. Before being utilized for additional analysis, the dried samples were first ground into a
powder using a laboratory mixer grinder set at a high speed for five minutes. They were then kept in a
container that was tightly sealed for a whole day.
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4.3 Evaluation of macro morphology and microscopic features

Samples of freshly picked leaves and bark were examined morphologically and contrasted with
industry standards [16]. Using normal pharmacognostic procedures, the leaves and bark were also inspected
for a variety of microscopic parameters, including as histology, powder microscopy, stomatal number,
stomatal index, and fiber length determination [17].

4.4 Chemical constituent extraction and fractionation from plant materials

Ethanol was used as the solvent in a Soxhlet system to extract the chemical components from the
plant material. In order to evaporate the solvent, the final extract was immediately transferred from the
round-bottom flask (RBF) into a China dish and submerged in water. The extract was kept at room
temperature in a China dish or an airtight container after the solvent had completely evaporated. A first
fractionation was carried out in order to investigate the active ingredients in the extract in greater detail. In
this procedure, the polar components were separated from the less polar ones using solvents with increasing
polarity, petroleum ether, chloroform, ethyl acetate, and butanol. With great care, each solvent layer was
extracted, evaporated in a China dish with a water bath, and labeled with the corresponding fraction [18].

4.5 Screening for phytochemicals

Several chemical constituents, such as carbohydrates, proteins, alkaloids, glycosides, tannins,
flavonoids, steroids, terpenoids, and saponins, were found through a phytochemical analysis of the total
ethanolic extract and different fractions of ACF bark and leaf [19,20].

4.6 Calculating the Overall Flavonoid Content

The process entails making both a standard and sample solution in order to assess the flavonoid
content relative to rutin. One milliliter of rutin solution and one milliliter of aluminum chloride reagent
should be pipetted into a ten-milliliter volumetric flask for the standard. Then, ethanol is added to the
capacity to make it to 10 ml. Measure the standard solution's (S) optical density at 410 nm in relation to a
reagent blank after precisely 15 minutes.
1 milliliter of aluminum chloride is dissolved in 10 milliliters of ethanol to create the reagent blank. Pipette
one milliliter of the test solution into a ten-milliliter volumetric flask, then add one milliliter of the aluminum
chloride reagent and stir. The vessel is similarly filled with ethanol to a capacity of 10 ml, and precisely 15
minutes after the addition of the reagent, the optical density of the test solution (T) is measured at 410 nm.
The following formula [21] is used to determine the flavonoid content, which is given as % w/w of
flavonoids:

Abs of sample (T) Wt of std (mg) 5 Vol of std (reaction) Total vol of sample

X X
Abso of std (S) 100 100 % Vol of sample (reaction) Wt of sample (mg)
X %Purity (Std)

4.7 Determination of Total Tannin Content

To estimate total tannin content, the procedure varies based on tannin concentration. For samples
with less than 5% tannins, weigh about 0.1 g of the sample and reflux with 50 ml of purified water at 100°C
for 1 hour. After cooling, decant the extract into a 100 ml volumetric flask, make up the volume with water,
filter, and discard the first 25 ml of filtrate. For samples with more than 5% tannins, use 100 ml of water,
decant into a 500 ml flask, and discard the first 50 ml of filtrate. For the test, pipette 0.2 ml of the test solution
into a 10 ml volumetric flask, add 1.0 ml each of potassium ferricyanide and ferric chloride, dilute with
water, and measure absorbance at 720 nm (A1l). For the standard, use 1.0 ml of the standard solution and
measure absorbance (A2) [22]. The percentage of total tannins, expressed as tannic acid, is calculated using

the formula:

Alx—W1x—5 xlx—sz—lox‘VP it Standard

42 Vi 100 * 10 “wz 0.2 < "ePurity of Standar

where Al is the sample absorbance, A2 is the standard absorbance, W1 is the weight of the standard (mg),
W2 is the weight of the sample (mg), V1 is the standard volume (100 ml), and V2 is the sample volume (100

ml).

4.8 Calculating the total amount of polyphenols
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Precisely balance out 1 g of the powdered test material into a 250 ml flask with a flat bottom, then
add 150 ml of clean water to get an idea of the overall polyphenol content. After 30 minutes of refluxing the
mixture in a boiling water bath at 97+2°C, cool it under running water and let the residue settle. Repeat the
extraction procedure with 30 ml of distilled water until the extract turns colorless, then transfer the dissolved
extract to a 250 ml volumetric flask. After rinsing the flask, gather the washings in the volumetric flask and
dilute with purified water to a level of 250 ml. Let the residue settle, then pass the liquid through Whatman
No. 1 filter paper. Discard the first 50 milliliters of the filtrate, and then dilute the liquid. Once the residue
has had time to settle, strain the liquid through Whatman No. 1 filter paper. Discard the first 50 milliliters of
the filtrate, and then dilute the remaining 5 milliliters to 25 milliliters with purified water for lab analysis.
Transfer 2.0 ml of the test solution into a 25 ml volumetric flask using a pipette. Then, add 1.0 ml of Folin &
Ciocalteu's phenol reagent and 10.0 ml of purified water. After adding the reagent, dilute to 25.0 ml with
sodium carbonate solution, and measure the absorbance (A1) at 760 nm precisely 30 minutes later. Using the
same procedures as for the test solution, 2.0 ml of the working standard solution is pipetted into a 25 ml
volumetric flask to create the standard solution. At 760 nm, calculate the absorbance (A2) [23]. The following
formula is used to determine the percentage content of total polyphenols, expressed as pyrogallol or tannic
acid:

E ><E X i>< i X E X éx § X %Purityof Standard
A2 V1 100 25 W2 5 2
4.9 Identification and quantification using HPTLC [24-26]

Anchrome Private Ltd.,, Mumbeai, received the extract and fractionated samples of ACF leaves and
bark for HPTLC fingerprint analysis. LABSERVER Ver 3.002 software was used for the analysis. Sample
preparation involved dissolving 10 mg of the sample in 1 ml of methanol, sonicating the mixture for 15
minutes, and then centrifuging the mixture. A standard Rutin solution was made with 0.1 mg/ml of
methanol as the concentration. Aluminum plates precoated with TLC silica gel 60 F254 (Merck, Cat. No.
1.05554.0007) made up the stationary phase. Using filter paper liner (Whatman Paper No. 1), the developing
distance was set at 70 mm from the lower border of the plate, with a saturation time of 20 minutes. Ethyl
acetate, formic acid, acetic acid, and water were combined in the mobile phase in the following ratio:
100:11:11:26 (v/v/v/v). Following development, a natural product reagent was applied to the plate as a
derivatizing agent, and an image was taken at a wavelength of less than 366 nm. The compound was
quantified by comparison of peak area and linear regression. It was obtained from calibration curve of pure
reference compound. Each experiment was performed in triplicate, with the resulting peak area data utilized
to determine the limit of detection (LOD), limit of quantification (LOQ), as well as accuracy and precision.

4.10 Method Validation

The HPTLC method was validated following guidelines from the International Conference on
Harmonization (ICH). Validation parameters included assessments of linearity, precision, limit of detection
(LOD), limit of quantification (LOQ), and peak area purity for rutin and tannic acid [27,28].

4.11 Calibration curves, LOD and LOQ

To construct calibration curves, six concentrations (50-2000 ng/band) of rutin standards were
applied in triplicate using specified chromatographic conditions. Calibration curves were generated by
plotting peak area against concentration, characterized by slope, y-intercept, and correlation coefficient.
Linearity was evaluated through linear regression analysis. These curves enabled analyte concentration
determination in Ethanolic extract, Butanolic extract and Ethyl acetate extract. System sensitivity was
assessed via LOD, LOQ, and analytical sensitivity (AS), with AS calculated as the ratio of residual standard
deviation (o) to the slope (S). LOD and LOQ were determined using the formulas LOD =3 x AS and LOQ =
10 x AS [29].

4.12 Analysis of Analyte Recovery, Precision, and Accuracy

Relative recoveries were evaluated using the standard addition method, with precision determined
as %RSD for peak area ratios in intra-day and inter-day runs. Triplicate HPTLC analyses were performed on
spiked samples, and percent recovery was obtained from calibration curves. Accuracy was calculated by
comparing the measured analyte concentration to the known spiked amount [30,31].
4.13 Anti-oxidant activity
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The plant extracts capacity to scavenge free radicals (DPPH) was assessed through the application
of appropriate modifications to a standard procedure. Methanol was used to create stock solutions of the
extracts at 40, 80, 120, 160, and 200 pg/ml. For the test, 1 milliliter of each sample solution was mixed with 4
milliliters of a 0.1 milligram methanolic DPPH solution, and the mixture was left to react for 30 minutes at
room temperature in the dark.

The reference standard was ascorbic acid, while the blank and positive controls were methanol and
DPPH, respectively. A double-beam UV-visible spectrophotometer was used to detect absorbance at 517 nm.
Using the appropriate equation, the percentage inhibition was computed, and a non-linear regression
approach was used to extract the IC50 values from the plot of the percentage inhibition vs concentration. The
findings were presented as mean values (n = 3) + standard deviation [32].

4.14 Anti-inflammatory activity
4.14.1 Stabilization of the membrane of human red blood cells (HRBC)
Using the HRBC membrane stabilization method, blood from healthy individuals who had not used
NSAIDs for two weeks was combined with sterile Elsevier solution and centrifuged to determine in vitro
anti-inflammatory activity. After using iso saline to wash the packed cells, a 10% v/v suspension was made.
0.5 ml of different extract concentrations (62.5-1000 pg/ml) or aspirin were mixed with phosphate buffer,
hypo saline, and HRBC solution for the experiment. This mixture was then incubated at 37°C for 30 minutes.
At 560 nm, the amount of hemoglobin in the supernatant was measured. Membrane protection was
computed using the following formula [33], whereas hemolysis was determined using pure water as the
100% hemolysis control.
optical density of test

B optical density of control

Percentage protection = (1 ) x 100

4.14.2 Protein denaturation method
To estimate in vitro anti-inflammatory activity through the inhibition of protein denaturation, a
reaction mixture was prepared with 0.2 ml of egg albumin, 2.8 ml of phosphate-buffered saline (PBS, pH
6.4), and 2 ml of extract at final concentrations of 62.5, 125, 250, 500, and 1000 pg/ml. A control was set up
using an equal volume of double-distilled water. The mixtures were incubated at 37+2°C for 15 minutes,
followed by heating at 70°C for 5 minutes. After cooling, the absorbance was measured at 660 nm, using the
vehicle as a blank. Aspirin at similar concentrations served as the reference drug. The percentage inhibition
of protein denaturation was calculated using the formula:
Absorbance of test — 1

Absorbance of control

Percentage protection = ( ) x 100
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