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ABSTRACT

Methods: Using fruit extracts, HPLC and HPTLC analysis were used to analyse phyto-chemicals (.
etc.). The gels were prepared using mixture of plant extract and optimized for anti-inflam
coefficient, TNF-a, IL-6, neutrophil count and histopathological examination in wistar rats was
of the bioactive compounds were attached to the inflammation and metabolism-related proteins,

, rutin, ellagic acid,
asation, recto-anal
. In Silico activity
P 9 and a-glucosidase.

Results: The extraction yield of A. indica fruits ranged from 1.6% to 4.8%, P. longu
azedarach was 5.1% in petroleum ether, 3.8% in chloroform, 3.4% in ethyl acetate and 5'3%

h. Among the solvents used, ethanol (95%) produced the highest extractive yield for all {PTLC of the combined mixture fraction showed peaks
for rutin (Rf 0.16), gallic acid (Rf 0.47), quercetin (Rf 0.58), and ellagic acid (Rf 0.81), w nal peaks at Rf 0.34-0.38. Semi-quantitative analysis
indicated rutin (2.8 mg/g), quercetin (2.5 mg/g), gallic acid (2.4 mg/g), and ellagic acid ghln the hemorrhoidal rat model, CMF (1:1:1:1) at
400 mg/kg reduced Evans blue to 0.38+0.02 pg/g, neutrophils to 16.5+0.6%, (€0 0.91+0.01, serum TNF-a to 173.5+1.3 pg/ml,

serum IL-6 to 91.2+0.6 pg/ml, protein TNF-a to 135.3+8.5 pg/mg, protem IL g, and restored stool weight to 17.3+0.18 g. CMF
(1:1:2:2) showed comparable reductions (Evans blue 0.37+0.02 %; recto-anal coefficient 0.89+0.01; serum TNF-a
166.8+1.2 pg/ml). Based on anti-hemorrhoidal activity CMF (1:1:1:1) a elected for gel formulation. In the carrageenan-induced
paw edema model, CMF-G1 (1111) reduced paw volume to 1.13+0.0 b 0804 ml (4 h), producing 48.2+0.31% edema inhibition, while
CMF-G2 (1122) reduced paw volume to 1.20+0.02 ml (2 h) and 1.10%0. with 35.4+0.42% inhibition, compared to 56.0+0.31% for diclofenac
gel.

Conclusion: The herbal gels formulated were effective a
activities suggesting development of a novel treatment
and effective.

ting biphasic anti hemorrhoidal and strong a glucosidase inhibitory
imultaneous metabolic dysfunctions which is phytotherapeutic, safe
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INTRODUCTION

One of the most commonly s
by abnormal dilatation and in ectal venous plexuses and presence of pain, bleeding, swelling, and discomfort. This condition greatly
ivi rall quality of life. The prevalence of hemorrhoids as estimated in the literature is anywhere between 4%

to 35% wi i igher for the adults aged 40 and above [3, 4]. Even though haemorrhoids are quite common, there is a

mor s on the inflammation and the vascular pathology associated with the haemorrhoids. Diabetes mellitus continues to be
one of i ic health concerns, with the most recent estimates showing over 90% of cases worldwide attributed to type 2 diabetes
mellitus [ tly, it is themost prevalent type of diabetes. The illness comes along with the health consequences of hyperglycemia including

vascular damage, impaired wound healing, and susceptibility to infections. One of the main focuses of diabetes treatment

Synthetic a-glucosidase inhibitors such as acarbose do work effectively [11], however, their sales are hindered due to the associated side effects of
flatulence [12]. The fact that haemorrhoids and diabetes have in common pathological mechanisms such as oxidative stress, inflammation, and
impaired vascular and tissue repair as well as functionality. The diabetes condition with the symptom of hyperglycaemia is also associated with the
phenomenon of endothelial dysfunction, contributing to the fragility of the venous system and therefore worsening the symptoms of haemorrhoids
[13,14].

As aresult, the present study’s focus was the formulation and evaluation of the polyherbal gel for its anti-hemorrhoidal effect using croton oil as well
as its anti-diabetic activity through molecular docking studies against a-glucosidase. These two health concerns highlight the growing global interest
in natural, more effective therapeutic approaches, particularly polyherbal medicines, for managing underlying diseases. Moreover, deeper insights
gained from previous studies contribute to the development of improved treatment strategies for patients [15-17]. In this particular study, polyherbal
gel formulated using the fruits of Azadirachta indica, Melia azedarach, Piper nigrum, and Piper longum was developed. The formulation was tested in
the croton oil-induced hemorrhoid model using the following parameters: recto-anal coefficient, evansblue dye leakage, cytokine levels, (TNF-«, IL-
6), neutrophil count, stool count, and histopathology. These provided an in-depth value of anti-hemorrhoidal activity. Also, in silico molecular docking
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studies of the phytoconstituents were performed on a-glucosidase to study the possible anti-diabetic activity. In diabetes, chronic hyperglycemia
promotes excessive production of reactive oxygen species, resulting in pronounced oxidative stress that damages endothelial and surrounding tissues
[18-21]. This oxidative imbalance triggers chronic inflammation, characterized by elevated pro-inflammatory cytokines such as TNF-a and IL-6, which
impair normal tissue repair and promote further vascular injury [22]. Additionally, diabetes is strongly associated with vascular dysfunction, where
endothelial cells exhibit reduced nitric oxide availability, increased permeability, and diminished structural integrity [23-25]. These mechanisms,
central to diabetic complications, parallel and exacerbate the pathological processes observed in hemorrhoids including venous fragility,
inflammation, and impaired healing.

MATERIALS AND METHODS
Materials

Fruits of Azadirachta indica a. juss (neem), Melia azedarach . (bakayan), Piper longum I (long pepper), and Piper nigrum I (black pepper) were
purchased from a local market in Muzaffarnagar, Uttar pradesh, India. Plant materials were taxonomically verified by Dr. Sunita garg, former chief
scientist and then head of the RHMD division of CSIR-NIScPR. The authentication no.-NIScPR/RHMD/Consult/2021/3839-40-45 was provided for
Melia azedarach, (bakayan), fruit, NIScPR/RHMD/Consult/2021/3839-40-1, was provided for Piper nigrum, pepper), fruit,
NIScPR/RHMD/Consult/2021/3839-40-2, was provided for Piper longum, (pipapali), fruit and NIScPR/RHMD/Cons 839-40-3 was
provided for Azadirachta indica,(neem), fruit.

Chemicals and reagents

(Qualigens),ethyl acetate (Merck),carrageenan (CDH laboratory reagents, Mumbai), diclofenac gel (Himala
advanced materials, USA), Pilex gel (Himalaya drug company, Bengaluru), croton oil (Sigma-aldsieh, USA
Mumbai) and HPTLC plates silica gel 60 F 254.

Instruments
The study uses the following instrument CAMAG visualizer: 201398 (Visualizer_20 i atography manager, CAMAG TLC
scanner "scanner_201368"S/N 201368 (2.01.02), twin trough chamber 10x10 cm glass'® i sampler 4 (ATS4) "ATS4_201152"

Extraction of selected plants

The dried fruits were powdered and each powder used (100 g) was extracted sugeessive € eum ether, chloroform, ethyl acetate, and 95%
ethanol followed by chloroform-water maceration for 36 h (2-3 cycles) [2 t 1ltered using whatman No. 1 filter paper and
concentration of extracts was done by water bath. The water bath wiyleld of the extractive values were determined and
preserved at 42C for further use. In this study, A refers to extract o igrum) whereas B refers to long pepper (Piper longum)
whereas C refers to bakayan (Melia azedarach) and D refers to nimb indica). After completion of extraction qualitative tests
(phytochemical tests) were performed to confirm the presence of

The evaluation was carried out with five experimental combinati
(1:1:1: 1, each 100 mg/kg), CMF (2:2: 1: 1, piperaceae enri
A+B 50 mg/kg each and C+D 150 mg/kg each). They c
longum, Melia azedarach, and Azadirachta indica.

each and C+D 50 mg/kg each) and CMF (1: 1: 2: 2, meliaceae enriched,
mixtures of fractions derived from the fruits of Piper nigrum, Piper

Chromatography

High-performance liquid chromatograp

Fruits of Piper nigrum, Piper longum, Melia az ch an dirachta indica have specific profiles. Utilizing HPLC on a C;g divided column (4.6x250
i and acetonitrile (B) at 1.0 ml min~" the gradient was from 95% A - 5% B to 5% A - 95% B over
55 min and re-equilibration afterwa a filtered (0.45 pm) using methanol HPLC-grade and injected 20 pl**. The compounds used for
the comparison to identify the v o retention time and UV spectra are piperine, gallic acid, quercetin, rutin and ellagic acid. The small

spikes in the chromatogram

erformed on commercially pre-coated silica gel 60 F254 aluminum sheets (dimensions: 10 x 10 cm, Merck,
AMAG Automatic TLC sampler (ATS 4) for depositing both test and reference compounds—namely, gallic acid,

were housed under standardized laboratory conditions and acclimatized for five days prior to experimentation in a
temperature-co environment maintained between 20-25 °C with a 12-hour light and 12-hour dark cycle. Standard pellet feed and water were
provided ad libitum, following the CPCSEA “no-starvation” guideline. All procedures were performed in accordance with IAEC regulations and were
approved under protocol number SDCOP and VS/AH/CPCSEA/02/19. After completing the extraction procedures, qualitative phytochemical tests
were conducted to confirm the presence of characteristic plant metabolites in each extract. For clarity, the extracts were designated as follows: A
representing Piper nigrum (black pepper), B representing Piper longum (long pepper), C representing Melia azedarach (bakayan), and D representing
Azadirachta indica (nimboli/neem). All treatments were administered intrarectally at a uniform total dose of 400 mg/kg. Animals were randomly
assigned to eight groups including normal and disease controls, a standard group receiving croton oil preparation followed by pilex ointment, and
five treatment groups prepared from different combinations of extracts. The evaluated combinations consisted of A+Bin a 1:1 ratio (200 mg/kg each),
C+Dina 1:1 ratio (200 mg/kg each), and a composite mixed formulation (CMF) of all four extracts in varying proportions. The CMF was prepared in
three forms: an equal-ratio combination A+B+C+D (1:1:1:1; 100 mg/kg each), a piperaceae-enriched formulation (2:2:1:1) containing A and B at 150
mg/kg each and C and D at 50 mg/kg each, and a meliaceae-enriched formulation (1:1:2:2) containing A and B at 50 mg/kg each and C and D at 150
mg/kg each. These extract combinations, derived from the fruits of Piper nigrum, Piper longum, Melia azedarach, and Azadirachta indica, were selected
to investigate their potential synergistic activity in croton oil-induced hemorrhoidal inflammation.



Anti-hemorrhoidal activity

Hemorrhoidal disease was induced in wistar albino rats using a sterile cotton swab pre-soaked in 10% (v/v) croton oil emulsion, inserted 10 mm into
the anus for 10 seconds, leading to anorectal inflammation and edema within 7-8 h[27]. Rats of both sexes were randomly assigned to groups (n = 6)
as mentioned in table 1.[28]. Twenty-four hours post-induction, standard and test groups treated rectally with respective ethanolic plant extracts
applied using sterile swabs. A bolus of evans blue dye was administered intravenously 30 min prior to induction. The six-day study included blood
and recto anal tissue collection for analysis of polymorphonuclear leukocytes and TNF-a and IL-6 levels. Additional parameters assessed were evans
blue dye extravasation, recto anal coefficient (RAC), average stool count, and histopathological alterations. Evans blue quantification involved drying
recto anal tissues at 56 °C for 48 h, followed by extraction in formamide for another 48 hr, absorbance of the filtrate was measured at 625 nm and
concentrations were extrapolated from a standard evans blue curve [29].

Table 1: Experimental design for anti-hemorrhoidal activity

Group Dose Treatment

Normal Control - Saline

Disease Control - Croton oil preparation (ir)+Saline

Standard 400 mg/kg (ir)  Croton oil preparation (ir)+Pilex ointment

Treatment Group 1 (A+B, 1:1) 400 mg/kg (ir)  Croton oil preparation (ir)+Combination of A (P. nigrum) a
each

Treatment Group 2 (C+D, 1:1) 400 mg/kg (ir)  Croton oil preparation (ir)+Combination of C (M. azedaiach) a
mg/kg each

Treatment Group 3 (CMF 1:1:1:1) 400 mg/kg (ir)  Croton oil preparation (ir)+A+B+C+D,
Treatment Group 4 (CMF 2:2:1:1) 400 mg/kg (ir)  Croton oil preparation (ir)+Piperacea

mg/kg each)
Treatment Group 5 (CMF 1:1:2:2) 400 mg/kg (ir)  Croton oil preparation (ir)+Meliaceae-
mg/kg each)
Where, A = black pepper (Piper nigrum), B = long pepper (Piper longum), C = bakayan (Me zedarach), li/neem (Azadirachta indica), CMF

= Combined mixed fraction, ir = intra rectal, mg = milligram, kg = kilogram.

Formulation and optimization of herbal gel

To obtain the best gels possible, variable concentration of differ
homogeneity. Carbopol 934, HPMC, and Na-CMC at a concentration ere separately taken for evaluation. On behalf of anti
hemmarodial activity CMF (1:1:1:1) and CMF (1:1:2:2) is selec el. The pH, viscosity, spreadability, extrudability, and
homogeneity of all prepared gel formulations were assessed. Th lations made from carbopol with different concentration which are
CMF-1111 - G1, G2, G3 and CMF-1122 - G1, G2, G3 were selected
After that methyl paraben (0.5 g) was added as the preservati

was_optimized to achieve best viscosity, spreadability and

lycol 400 (5 g) used as the cosolvent and the humectant. The polymer
t ded. Triethanolamine was added to the mixture so that the pH was
adjusted towards the gel formation range of 6.8-7.0. The @ e the same way as other gels, except that no extract was added.

The anti-inflammatory property of the poly! i were studied using the carrageenan-induced paw edema method in wisar rats.
The right back paw of the mouse was injec sly with 0.1 ml of freshly prepared 1% carrageenan suspension to induce edema. This

protects from or limits an injury. Thi jtively influenced as formation of serotonin and histamine occurs directly. The next phase is 2-

4-hour duration which brings about . 3 bradykinin and prostaglandin form influence. Maximum edema is seen 4 h post the injection.
Rats were randomly divided tl S\of 6, creating a total of 4 groups, as shown in table 2 [30-32].

Groups and dose in carrageenan-induced rat paw edema method

Gel composition and dose received
Received 2 g gel base only (sodium CMC)
Received 2 g CMF-1111 gel

Received 2 g CMF-1122 gel

Received 2 g Diclofenac sodium gel (CMC base)

drug group

Where, CMF = mixed fraction, CMC = carboxy methyl cellulose, g = g.

In silico study

Molecular docking was performed using MOE 2022 to investigate the binding affinity of selected phytochemicals azadirachtin, ellagic acid, gallic acid,
nimbolide, piperine, quercetin, and rutoside along with two reference standards, diclofenac and mimosine. All ligand structures were retrieved from
pubChem in sdf format and prepared using the quickprep function of MOE, which applies 3D protonation, structure correction, and energy
minimization using the Amber10:EHT forcefield. The inflammatory protein targets COX-2 (PDB: 5KIR), 5-LOX (PDB: 308Y), and MMP-9 (PDB: 1GKC)
were chosen due to their known roles in prostaglandin biosynthesis, leukotriene formation, and extracellular-matrix degradation, which are central
mechanisms contributing to hemorrhoidal inflammation, and an additional diabetes-related target, a-glucosidase (PDB: 5NN5), was included to
evaluate the glucose-regulatory potential of the selected phytochemicals [33]. Protein structures were refined using MOE quickprep, and active
binding pockets were identified through MOE site finder tool. Docking simulations were performed using the triangle matcher placement method and
londond G scoring function, followed by force field refinement. For each ligand, multiple conformations were generated, and the top-ranked poses
were analyzed using the MOE ligand interactions and MOE report modules to characterize hydrogen bonding, hydrophobic contacts, pi-stacking, and



electrostatic interactions relevant to their potential anti-inflammatory and anti-hemorrhoidal activities as well as their possible contribution to anti-
diabetic mechanisms through a-glucosidase inhibition [34-36].

RESULTS AND DISCUSSION

The extraction times of Azadirachta indica fruit ranged from nine to thirteen hours and gave a yield of 4.5% with petroleum ether, 1.6% with
chloroform, 3.1% with ethyl acetate, 4.8% with ethanol (95%) and 2.2% with chloroform water. The yield of the P. longum fruits was 4.7% in
petroleum ether; 3.2% in chloroform; 3.6% in ethyl acetate; 5% in ethanol; and 2.5% in chloroform water, with extraction periods of 9-14 h. The
fruits of P. nigrum give 3.9%, 2.7%, 3.0%, 4.4%, and 2.1% using respective solvents in 8-13 h. The yield of Melia azedarach fruits was 5.1% in
petroleum ether, 3.8% in chloroform, 3.4% in ethyl acetate and 5.3% in ethyl alcohol. In general, ethanol (95%) gave the highest extractive yield of
all plant species tested, followed by petroleum ether and ethyl acetate while chloroform and chloroform water extraction gave lower yields.

Topic: Development and
Ant-Hemorriobidal effecr
Polyherral formulation
of some traditional
medicnal plants

High-performance liquid chromatography

The HPLC results indicate that each fruit extract showe ical profiles thus distinguishing one from the other. The major peaks
obtained from the HPLC chromatogram of Azadirac shown in fig.2 indicate the presence of gallic acid together with quercetin as well as
other derivative molecules along with contributi e
have shown, eludes to the phenolic acid as
documented from findings [37]. The chro
quercetin along with the gallic acid in the ph

own from fig. 3 of Melia azedarach mark the importance of ellagic acid all through the
lysis documented [38]. Based on the study in the paper, the chromatogram as shown in
fig.4 demonstrates how Piper longu he presence of a highly concentrated piperine with other minor peaks of amide that
traces across the other noted alkaloi ith 39.6 min. The methods of piperine along with the notes of the relation amides confirm the
evidence shown by means of standar i ileDFig. 5 chromatogram illustrates the existence of Piper nigrum as indicated by the peak, which
has lower concentrations of pnsistent with previous reports, the presence of characteristic compounds, particularly nitrogen-
containing phenolic alkaloid tinct chromatographic peak at 33.3 min [39]. From the chromatography presentations, it can be
concluded that the extracts st aces of defence compounds such as the flavonoids and bioactive compounds as well as the limonoids,
thus proving that the antioxidant and anti-inflammatory.
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between alkaloids and phenolic compounds with potential vascular protecti
presence of piperine and gallic acid. We have carried out extraction of p
pharmacological activity. The chromatogram of combined mixture fracti
and gallic acid a peak with Rf of 0.47 (fig. 6). Similarly, quercetin gave
(fig. 9), after derivatizations at 254 nm and 366 nm of the TLC pla
relevance, as the constituent herbs have been reported to exhibi . These herbs contain phenolic and flavonoid compounds with
established pharmacological properties, including gallic acid, q llagic acid, which are known for their anti-inflammatory and
antioxidant effects. In addition, piperine the major bioacti has bgen reported to exhibit anti-inflammatory and analgesic effects, as well
as to improve blood circulation.

N o

APTLC from some tropical plants with possible
at rutin had a peak corresponding to a Rf of 0.16 (fig. 8)
ig. 7) and ellagic acid a peak corresponding to Rf of 0.81
e fraction is likely to possess significant pharmacological
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Start Start Max Max Max End End Area
Peak Rf Height Rf Height % Rf  Height Area % Assigned substance
1 -0.03 23  -001 13.0 233 0.02 1.2 219.4 0.69 unknown *
2 0.36 2.4 0.47 3724 66.66 0.52 11 12896.5 40.80 GALLIC ACID
3 0.53 3.6 058 278 497 062 159 1092.8 3.46 QUERCETIN
4 0.67 217 081 1455 26.04 097 546 17397.0 55.04 ELLAGIC ACID

Fig. 6: Chromatogram of reference standard gallic acid



Start Stat Max Max Max End End Area
Peak Rf Height Rf  Height % Rf  Height Area % Assigned substance
1 0.07 1.3 010 113 167 0.14 2.3 276.4 1.23 RUTIN
2 051 27 059 5631 8326 064 155 10948.8 48.63 QUERCETIN
3 067 173 081 1019 1507 096 29.7 11290.5 50.14 ELLAGIC ACID

Fig. 7: Chromatogram of reference standard quercetin

A

Start Start Max  Max Max End End Area
Peak Rf Height Rf Height % Rf  Height Area % Assigned substance
1 -0.03 0.1 -0.00 14.0 299 0.03 2.8 228.9 1.35 unknown *
2 0.06 82 011 3276 6994 0.13 6.1 5932.7 34.94 RUTIN
3 0.16 9.3 017 11.6 248 0.20 0.1 169.1 1.00 unknown *
4 0.53 43 0.58 21.7 4.63 0.61 13.6 873.6 5.15 QUERCETIN
5 0.67 18,5 0.81 935 1995 0093 276 9773.8 57.57 ELLAGIC ACID
Fig. h ram o! !erence standard rutin
a

Start Start Max  Max Max End End Area
Peak Rf Height Rf Height % Rf  Height Area % Assigned substance

1 -0.03 09 -000 337 1504 0.05 9.9 950.4 6.98 unknown *

2 035 285 036 290 1294 044 1.6 1155.6 8.48 unknown *

3 053 32 058 192 859 062 122 818.1 6.01 QUERCETIN

4 065 157 081 914 4083 090 340 9269.3 68.05 ELLAGIC ACID

5 092 300 093 315 1409 099 191 1238.3 9.09 unknown *

6 1.01 170 102 190 850 1.06 0.1 189.6 1.39 unknown *

Fig. 9: Chromatogram of reference standard ellagic acid
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Start Start Max Max Max End End Area
Peak Rf  Height Rf Height % Rf  Height Area % Assigned ce
1 -004 02 -0.00 6529 3331 003 2451 134797 18.83 unknown *
2 003 2462 004 2562 1307 005 1827 40304 563 unknown *
3 007 1775 010 2044 1043 074 1564 91060 1272 RUTIN
4 014 1567 016 1630 832 028 789 114725 16.03 unknown *
5 040 543 047 1525 778 051 771 77491  10.83 GALLIC ACID
6 052 787 057 1590 811 062 443 81404 1137 QUERCETIN
7 065 532 071 1634 834 075 727 78230 1093 unknown *
8 075 729 081 1023 522 082 1014 40880 571 ELLAGIC ACID
9 082 1011 083 1061 541 097 244 56787  7.93 unknown *
Fig. 10: Chromatogram of reference standard combined mi e fra
RF: 0.47 RI: 0.45

R:0.37 RI: 0.37

Rf: 0.09 Rf: 0.09

LC plates after derivatization at 254 nm and 366 nm

e 3: Semi-quantitative content of key phytochemical markers (mg/g of extract)

Peak area (AU) Relative % Semi-quantitative content (mg/g extract)
28% 2.8mg/g
25% 2.5mg/g
Gallic acid 24% 2.4 mg/g
Ellagic acid 4,088 13% 1.3 mg/g
Piperine HPLC dominant peak 40% 4.0 mg/g

Where, AU = Absorbance units, mg = milligram, g = g, HPLC = high performance liquid chromatography

Anti hemorrhoidal activity

It is evident that evans blue concentration, neutrophil counts, recto anal coefficient, serum and protien levels of TNF-a and IL-6, and rats stool weight
were significantly (p<0.001) lower than the control after hemorrhoids were induced as presented in table 4. Treatment at a dosage of 400 mg/kg
(p<0.001) has normalized most of the parameters. The test formulations unknown to us that have maximum values for all the parameters are CMF
(1:1:1:1) formulation suspended in 400 mg/kg that has maximum evans blue (0.38+0.02 pg/g), neutrophils (16.5+0.6 %), recto-anal coefficient
(0.91£0.01), serum TNF-a (173.5+1.3 pg/ml), IL-6 (91.2+0.6 pg/ml), protein TNF-a (135.3+8.5 pg/mg), IL-6 (248+12.0 pg/mg) protein. CMF (2:2:1:1)
enriched with piperaceae and CMF (1:1:2:2) enriched with meliaceae caused anti-inflammatory effects; combinations A+B and C+D also created
moderate activity. All of the treated groups were in balance in stool weight unlike the diseased control that was significantly (p<0.001) different. The



present study evaluated the anti-hemorrhoidal activity using a single dose level (400 mg/kg). Dose-response relationships were not explored, which
is acknowledged as a limitation of the study.

Table 4: Effect of plant combinations on various parameters in hemorrhoidal rats

Parameter  Normal Disease Standard A+B 400 C+D 400 CMF 400 CMF 400 CMF 400

s Control Control 400 mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
(1:1:1:1) (2:2:1:1) (1:1:2:2)

Evans Blue 0.09+0.0  0.73x0.03###  0.43£0.05**  0.54£0.03*f 0.47+0.02%* 0.38x0.02*tt  0.41+0.02**  0.37x0.02*tt

(ng/g) 2 *

% 12.7£0.7  27.4+1.2### 19.1£0.9***  21.5+0.8*t 18.9£0.7** 16.5£0.6*t1 18.3£0.7** 15.5£0.6*t1+

Neutrophil

Count

Recto-Anal 0.77+0.0 1.55+0.02### 1.12+0.02** 1.22+0.01*%F 1.14+0.01** 0.91+£0.01*+ 0.89+0.01*t
Coefficient 3 * + +

Serum TNF-  34.3+1.2 246.7+2.2### 128.7+1.7** 223.8+1.7%tt 188.3+1.1**f+ 173.5£1.3*%+1 X A .8+1.2%+1
o (pg/ml) * t t

Serum IL-6 78.3+2.2 114.8+2.6### 94.2+1.3%** 101.5+1.5*%*F 95.2+1.0%* 91.2+0.6*t 7*tt
(pg/ml)

Protein 99.0+7.5 492.0+24.3## 272.0£29.4* 196.5+24.8*%t 147.0£14.2**¢ 135.3+8. 1%+
TNF-a # * T T

(pg/mg)

Protein IL-6  140+12.5  595+42.0### 375+32.8%* 304+21.6%*1 268+18.2*%**+ 237.0£4.6%t1
(pg/mg) T

Stool 19.1+0.4 9.42+0.22###  16.0£0.45**  14.8+0.23*t 16.6£0.24** 7.3+0.18*+ .9+0.20** 17.7£0.15%++

Weight (g) 6

Where, n = 6. The observations are mean#S. E. M. TNF-a = Tumor necrosis factor-alpha;
Combined mixed formulation. *P<0.05, **P<0.01, *P<0.001 as compared to disease co
###P<0.001 as compared to normal control. (ANOVA followed by dunnett’s test). n
*P<0.001 as compared to disease control; 1P<0.05, +1P<0.01, ++1P<0.001 as ar
(ANOVA followed by Dunnett’s test).

AC = Recto-anal coefficient; CMF =
0.05, 11P<0.01, +11P<0.001 as compared to standard;
pservations are meanS. E. M. *P<0.05, **P<0.01,
d; ###P<0.001 as compared to normal control

Histopathological studies

It's clear from the results of the study that the different experi
changes as shown in fig. 12. The control group (A) kept the ve
mucosal layer. On the other hand, the diseased control (B
were stretched and over-filled. Similarly, the tissue was s
almost normal and had only a slight inflammatory infi
showed some mild inflammation and scant hemo
of the vessels due to the extracts of Melia azed. htafindica. When the ratio of CMF was set at 1:1:1:1 and treatment of the ratis done
with 400 mg/kg (F), CMF heals these tissu ght inflammation and lesser necrosis. The CMF (2:2:1:1) group with piperine (G)
showed tissues that looked normal but ha i ed vessels. The CMF (1:1:2:2) group that had meliaceae-enriched (H) contained a mild

inflammatory infiltrate but showed pr atio

S

recto-anal tissues that undergo different histomorphological
the overlying mucosa with an epithelial layer as well as a sub
like tissue bleeding and damage. Moreover, the rectal blood vessels
mucosal structure of the rats treated with the standard drug (C) was



Bakayan + Nimboli
extract

G) Piperine-rich CMF H)Meliaceae-enriched
(2:2:1:1) extract CMF (1:1:2:2)

Fig. 12: Effect of gel on histology T. S. of recto anal tiss 9 i il-induced haemorrhoids

II: @Tissue hemorrhage, A with elongation of rectal blood vessel n erative changes were identified in disease control animals; C) Group
I1I-Nonsignificant inflammatory changes with minimal structural
like inflammation and hemorrhage in rats treated with bla e
necrosis appeared in rats treated with bakayan+nimbo,
damage in rats applied with CMF (1:1:1:1) extract;
treated with Piperine-rich CMF (2:2:1:1); H) Last Gr

er extract; E) Group V-Mild to moderate inflammation, hemorrhage,
I-Minimal inflammatory phase, blood marks, necrosis, blood vessel
on, hemorrhage, blood vessel dilation is minimal in rats rectal tissue
ion and non-significant changes noticed in cellular architecture of rectal tissue

extrudability, and homogeneity of al ared mulations were assessed. The six formulations made from carbopol which are CMF-1111 - G1,

G2, G3 and CMF-1122 - G1, G2, G3 imal ones, having their pH in the range of 6.2 to 6.5, having high homogeneous and having
spreadability (32 to 35 g-cm/s i i gree of extrudability and having an appropriate viscosity. The formulations CMF-1111 and CMF-1122
were examined further for I i en for drug release was 240 min. Cumulative drug release increased progressively in CMF-1111
formulations. The cumulative' has increased during G1 was from 14.20% at 15 min to 76.60% at 240 min, G2-15% at 15 min to

78.30% at 240 min, G nd 74.60% at 240 min. Similarly, the G1 of CMF-1122 was from 13.20% at 15 min to 74.50% at 240 min,
G2-13.90%at 15 mj and G3-14.10% at 15 min to 77.00% at 240 min. Among these CMF-1111-G2, 78.30 % and CMF-1122-
G3,77.00 %; release with optimized physicochemical parameter and were selected for optimum formulation for further

Fig. 13: Representation of combined mixture fraction polyherbal gel



Table 5: In vitro release study of carbopol gel formulations

Time (min) G1 (Carbopol 1.0 g) % G2 (Carbopol 1.5 g) % G3 (Carbopol 2.5 g) %
15 14.20 15.00 13.60
30 28.15 28.90 26.30
45 34.00 35.60 32.40
60 45.00 46.50 43.10
90 54.70 56.20 52.00
120 63.60 65.10 61.20
180 71.30 72.90 69.00
240 76.60 78.30 74.60

Where, g = g, min = minutes, % = percentage release (A fixed quantity of 1 g gel was used per test).

100 —e—G1 (Carbopol 1.0 g) % —e—G2 (Carbopol 1.59) %

% Percentage

0/

0 50 100 200 250 300

Tim?e‘r’(lr]nin)

Fig. 14: Comparative in vitro release study of gel containing opel-based formulations

Carrageenan induced rat paw edema method

Carrageenan-induced paw edema is a sensitive and reproducible mod ti-inflammatory activity. In this study, the control group
(carrageenan+gel base) showed the maximum increase in paw ed at4h). Treatment with optimized herbal gel formulations
significantly reduced paw edema. The CMF-G1 gel (1111, carbo paw edema to 0.95+0.04 ml, showing 48.2% reduction at 4 h,
while CMF-G2 gel (1122, carbopol base) reduced paw volume to 1. onding to 35.4% reduction. The standard diclofenac gel showed
the strongest inhibition with a final paw volume of 0.74+ uction at 4 h. These results demonstrate that both CMF gels possess
significant local anti-inflammatory activity, with CMF-G
drug.

Table 6: Mea volume in carrageenan-induced rat paw edema method
S. No. Groups \ aw volume (1 Mean paw volume (2 Mean paw volume (3 Mean paw volume (4
i h) h) h)
1 Control group 1.82+0.05 1.73+0.05 1.68+0.05
2 CMF-G1 (1111,C 1 1.13+0.05* 1.08+0.04* 0.95+0.04*
base)

3 CMF-G2 (1122, Cagbopol .37%0.04* 1.20+0.02* 1.15+0.03* 1.10+0.03*

.20+0.05* 0.83+0.04* 0.78+0.03* 0.74+0.02*

Table 7: Effect of formulated gel preparation in carrageenan-induced rat model

S. Groups % Increase inpaw % Reduction % Reduction of % Reduction of % Reduction of
No. weight (0 h) ofedema(1h) edema(2h) edema (3 h) edema (4 h)

1 Control group 33.5+0.45 0 0 0 0

2 CMF-G1 (1111, Carbopol base) 18.3+0.42* 22.2+0.43* 38.3+0.39* 41.0+0.36* 48.2+0.31*

3 CMF-G2 (1122, Carbopol base) 25.3+0.29* 18.6+0.33* 27.3+0.34* 29.4+0.29% 35.4+0.42*%

4 Standard drug (Diclofenac gel) 17.6+0.28* 21.3+0.38* 35.4+0.31* 40.6+0.22* 56.0+0.31*

Where, n = 6. The observations are mean+SEM. *P<0.001 as compared to control. (ANOVA followed by dunnett’s test). CMF = Combined Mixed
Formulation.



Control Group CMF-1111

CMF-1122 Standard Drug

Fig. 15: Comparative X-ray image of the gel and the

In silico study

Docking analysis demonstrated that azadirachtin, rutoside, piperine, and quercetin_exhibi and most consistent multi-target
interactions across all four key therapeutic targets—COX-2, 5-LOX, MMP-9, and th, -related transporter GLUT-1. The reference drugs
diclofenac (anti-inflammatory) and mimosine (standard herbal constituent) displa rable binding poses comparable to previous

crystallographic reports, validating the reliability of the docking workflow. Furthe icahaccuracy was confirmed through re-docking of
native ligands, which produced RMSD values<2.0 A, meeting the accepted g I 3 silico protocol. Overall, the combined docking
outcomes highlight that azadirachtin and rutoside show superior multi outperforming standards across inflammation and

diabetes-linked pathways, while piperine and quercetin contribute a

Fig. 16: Docking conformation of azadirachtin with cyclooxygenase-2

Table 8: Docking interaction profile of ligands against COX-2 (PDB: 5KIR)

S. Compound Ligand Receptor atoms Interaction Distance () Energy Docking score RMSD (A)
No. atoms (Residue, chain) type (kcal/mol) (kcal/mol)
1 Azadirachtin 05 0-His122(A) H-donor 2.78 -2.4 -8.4094667 1.4745684
06 NE2-His122(A) H-acceptor 291 -1.6
07 NE2-GIn372(A) H-acceptor 3.10 -0.5
016 NH1-Arg44(A) H-acceptor 2.99 -0.7
C24 5-ring-His122(A) H-pi 4.47 -0.5
2 Ellagic acid 05 OE1-Glu465(A) H-donor 2.67 -39 -5.8269463 0.94446844
04 NE-Arg44(A) H-acceptor 2.86 -0.8
07 N-Cys47(A) H-acceptor 3.05 -1.1
3 Gallic acid 04 0-Asp125(A) H-donor 3.51 -0.6 -5.5328655 1.3100287

4 Nimbolide 03 NZ-Lys546 (B) H-acceptor 3.07 -1.5 -6.9973025 1.3593959




5-ring NH1-Arg44 (A) pi-cation 4.53 -0.7

5 Piperine 01 NE2-GIn372(A) H-acceptor 3.13 -1.2 -6.6139102 1.3149517
6 Quercetin 06 0-Alal51(A) H-donor 2.94 -2.6 -6.9146142 1.9714825
6-ring NE-Arg44(A) pi-cation 3.57 -0.5
7 Rutoside 05 0-His122(A) H-donor 3.15 -0.7 -8.32988 1.523569
07 0-His122(A) H-donor 3.17 -0.9
010 0-Phe367(B) H-donor 2.94 -1.2
03 NE2-GIn372(A) H-acceptor 3.15 -1.5
04 N-Ser126(A) H-acceptor, 3.30 -0.9
€20 5-ring-His122(A) H-pi 3.75 -0.6
6-ring CB-Arg61(A) pi-H 4.49 -0.6
6-ring CD-Arg61(A) pi-H 4.17 -0.5
8 Diclofenac Cl1 NZ-Lys532(A) H-acceptor 3.88 -0.8 -6.1826372 1.3860111
(Standard) 04 NE2-GIn372(A) H-acceptor 2.89 -0.8

9 Mimosine 01 0-Ile124(A) H-donor 3.12 -1.9 -5.0199652 1.4055604
(Standard) 03 N-GIn372(A) H-acceptor 3.14
03 NZ-Lys532(A) H-acceptor 3.06

of azadirachtin with5-lipoxygenase

against 5-lipoxygenase (PDB: 308Y)

S. Compound Distance  Energy Docking score RMSD (A)
No. (A) (kcal/mol) (kcal/mol)
1 Azadirachtin donor 3.04 -1.1 -8.4511747 1.7659231
H-acceptor 2.79 -2.8
2 Ellagic acid H-acceptor 3.27 -0.7 -6.6019568 1.460695
pi-cation 4.04 -0.5
3 Gallic acid H-donor 3.07 -2.3 -5.2542105 0.45928627
H-acceptor 3.10 -0.5
4 Nimbolide H-acceptor 3.18 -1.0 -7.3243484 1.4519179
5 Piperine ] H-acceptor 3.14 -1.7 -6.2346239 1.6768535
6 Quercetin 0DT-Asp442(B) H-donor 3.18 -1.0 -6.1792221 1.2508181
7 Rutoside E1-Glu287(B) H-donor 2.79 -1.7 -7.7909441 1.6830847
0-Val243(B) H-donor 3.26 -1.0
0-Asp285(B) H-donor 2.99 -1.7
8 0D2-Asp442(B) H-donor 2.79 -4.6 -5.7130647 1.748126
CD-Lys441(A) pi-H 3.60 -1.2
9 0-Tyr100 (B) H-donor 2.89 -2.3 -5.4374838 1.5344635
0-Tyr100 (B) H-donor 3.13 -0.9

0E1-Glu622 (B) H-donor 3.25 -0.5




S. Compound Ligand Receptor atoms Interaction RMSD (A)
No. atoms (Residue, chain) type
1 Azadirachtin 016 N-Ala191(B) H-acceptor -6.7632527 1.7569052
C35 5-ring-His405(B) H-pi
2 Ellagic acid 03 0-Tyr420(A) H-donor -6.3106909 1.3809241
06 0-Glu416(A) H-donor
6-ring CA-Tyr423(A)
6-ring N-Arg424(A)
3 Gallic acid 01 0-Pro415(B) -5.245779 1.1521168
02 0-Met422(B)
04 0-Arg424(B)
6-ring CA-Leu418(B)
4 Nimbolide C12 5-ring-His411(B) -6.7196736 1.6098577
5 Piperine 6-ring 5-ring-His401( -7.6294742 0.99619162
6 Quercetin 0-Pro421(B) -7.1494236 1.120424
7 Rutoside H-acceptor 3.00 -0.6 -7.1987834 1.6020147
H-acceptor 3.02 -1.2
8 Diclofenac pi-H 4.22 -0.7 -5.7445488 0.71560484
(Standard)
9 Mimosine H-donor 2.88 -0.6 -5.8737283 0.52034706
(Standard)

Fig. 20: Docking conformation of azadirachtin with glucose transporter 1




Table 11: Docking interaction profile of ligands against glucose transporter 1 (PDB: 5NN5)

S.No. Compound Ligand Receptor Atoms Interaction Distance Energy Docking score RMSD (A)
atoms (Residue, chain) type A) (kcal/mol) (kcal/mol)

1 Azadirachtin 07 NH2-Arg585 (A) H-acceptor 2.95 -0.5 -7.3163295 1.8130846
014 NH2-Arg608 (A) H-acceptor 2.98 -1.7

2 Ellagic acid 6-ring CB-Pro194 (A) m-H 3.74 -0.7 -5.4468966 0.72785813

3 Gallic acid 01 0-11e823 (A) H-donor 2.90 -1.7 -4.8737097 0.4188526
03 0-Glu856 (A) H-donor 3.24 -1.3

4 Nimbolide 5-ring N-Val867 (A) n-H 391 -2.6 -6.7458315 1.4956416

5 Piperine 01 NH1-Arg199 (A) H-acceptor 3.04 -3.4 -6.0474176 1.5308647
6-ring CA-Leul95 (A) n-H 4.18 -0.8

6 Quercetin 05 0-Arg608 (A) H-donor 2.93 -2.0 -5.5102310 1.6910031

6-ring N-Glu866 (A) n-H 3.78 -0.5

7 Rutoside 08 NE2-His717 (A) H-donor 3.13 E X 7932277
014 0-Val718 (A) H-donor 3.20
015 0-Tyr360 (A) H-donor 3.36
07 NH2-Arg608 (A) H-acceptor 3.16
09 N-Val867 (A) H-acceptor 343

8 Diclofenac 6-ring N-Val867 (A) m-H 3.89 1.4774476
6-ring N-Leu868 (A) m-H 4.62

9 Mimosine 01 0-GIn776 (A) H-donor 3.07 1.4636953
03 N-I1e780 (A) H-acceptor 3.16
6-ring CG-GIn776 (A) m-H 3.83 .

10 Metformin N5 0D2-Asp518 (A) H-donor 2.97 . 1.5689560

(Standard) Cc7 6-ring-Phe649 (A) H-1t

CONCLUSION

The present study indicates that the formulated polyherbal gel from Azadirac {aPach, Piper nigrum and Piper longum possesses
el showed a significant improvement in evan blue
leakage, neutrophil count, recto-anal coefficient, cytokine levels and : s shows that the combined extract mixtures show a synergistic
action to control vascular congestion, inflammation and mucosal inj timi polyherbal gel showed excellent topical anti-inflammatory
action in the carrageenan paw edema model, confirming that it c
suggest that the gel is effective and safe for site-specific manage irri and swelling due to haemorrhoids. The polyherbal gel lower TNF-a
and IL-6 levels and improved the histology of the tissues indicat i seful phytotherapeutic substitute for haemorrhoid ointments.
Future insights have been added for in silico molecular dockin 1 phyt hemicals show glucose transporter-1 propertles such as azadirachtin,
quercetin, rutin, piperine etc. Other than that, they also
strong binding interactions with GLUT-1 may sugges
be useful in future diabetes-related studies, especial

FUNDING

glucose regulatlon This indicates that the polyherbal formulatlon may
hom inflammation and metabolic imbalance occur together.
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