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Abstract

Aim: The aim of this study was to design and characterize a topical nanoemulsion of Nirgundi oil for the treatment of anal 
fissures and to evaluate its in-vitro anti-inflammatory activity and in-vivo anal fissure healing potential. Materials and 
Methods: A pseudo-ternary phase diagram was constructed to determine the Northeast region suitable for nanoemulsion 
formation. Based on this, six different batches of nanoemulsion were prepared. These formulations were characterized 
for globule size and surface morphology, refractive index, zeta potential, pH, viscosity, drug-excipient compatibility, 
drug entrapment and loading efficiency, thermodynamic stability, and in-vitro drug permeation. From the six batches, 
B6 was selected as the best formulation and subjected to further in-vitro anti-inflammatory testing using the egg albumin 
denaturation and COX-II enzyme inhibition assay. Additionally, in-vivo anal fissure healing activity was assessed using 
histological analysis of tissue samples. Results and Discussion: The B6 formulation demonstrated significant in-vitro 
anti-inflammatory activity, with 91.17% suppression in the egg albumin denaturation assay compared to 79.38% for 
the reference drug (diclofenac). The COX-II inhibition assay revealed an IC₅₀ of 3.735 μg/mL for B6, which was more 
effective than the marker sabinene (IC₅₀: 6.594 μg/mL). In-vivo studies confirmed that the B6 formulation showed 
significant improvement and healing of anal fissures, indicating successful therapeutic action. These results suggest that 
the nanoemulsion enhances the bioavailability and therapeutic efficacy of Nirgundi oil for local treatment. Conclusion: 
The study finally concluded that the topical nanoemulsion formulation of Nirgundi oil (B6) has potent anti-inflammatory 
action and effectively promotes healing in anal fissures. It showed significant therapeutic potential and can be considered 
a promising candidate for further development as a topical treatment for anal fissures.
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INTRODUCTION

A longitudinal split in the distal anoderm’s 
squamous epithelium is referred to 
as an anal fissure. It usually shows 

up in the rear midline. Anal fissures possess 
two different types: Acute and chronic. Even 
though an acute anal fissure can cause painful 
defecation and rectal bleeding, it usually heals 
in 1–2 weeks with conservative treatment and 
dietary changes. Conversely, a chronic anal 
fissure lasts longer than 4–6 weeks. This kind of 
anal fissure is thought to be a very common and 
excruciating perianal ailment that is resistant 
to conservative treatment.[1,2] The internal anal 
sphincter hypertonia observed in patients with 
anal fissures has long been believed to be a 
secondary phenomenon, occurring after local 
trauma to the mucosa, such as the passage of 
hard feces, even though the exact cause of anal 
fissure remains unknown.[3]

Oral pain relievers, stool softeners, regional anesthesia, high-
fiber dietary regimens, plenty of drinks, and a warm sitz are 
typical conservative treatments for anal fissures.[4] Surgical 
intervention is implemented when conservative treatment 
is ineffective. The most common technique for treating 
anal fissures has been surgery for centuries, involving anal 
dilatation, lateral internal sphincterotomy, and posterior 
midline sphincterotomy, which leads to post-operative 
incontinence with surgical therapy. Anal fissure recurrence 
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is another potential issue that may arise shortly after 
surgery.[5-7] Conservative management is unlikely to resolve 
fissures caused by underlying diseases, such as perianal 
Crohn’s disease, where the fissures are frequently multiple 
and lateral. Botulinum toxin injection is a potent treatment 
for anal fissures, but it is invasive, painful, and costly. 
Glyceryl trinitrate topical treatment experienced difficulties 
with headaches and low blood pressure. The main benefits 
of topical medication therapies include increased patient 
compliance, potentiated efficacy, decreased side effects, and 
lower costs.[8]

Multiple unani drugs are indicated to treat anal fissures 
that possess properties of Mudammil-e-qurooh (Healing), 
Muhallil-e–awraam (Anti-inflammatory), and Muzalliq 
(Lubricant). In this book, Kitab-ul-Hawi, Zakariya Razi 
stated that topical application is highly advantageous for 
treating anorectal fissures.[9] Medicinal plant products 
and nutritional therapies are an essential part of safe 
and efficient hemorrhoid treatment when compared to 
surgical and non-surgical procedures. It has been shown 
that herbal medicines improve capillary flow, connective 
tissue strength, perivascular amorphous substrate 
microcirculation, and vascular tone.[10] Based on their 
indigenous knowledge, people from many different tribes 
and cultures have treated hemorrhoids with a variety of 
ethnomedicinal plants.[11,12]

Vitex negundo L. is a shrub or small tree that grows in many 
tropical, subtropical, warm, and even temperate regions 
of the world. The names Nirgundi and five-leaved chaste 
tree also know it. It can grow to 1500 m in almost every 
region of India.[13] Several traditional medical systems have 
historically employed the plant for therapeutic purposes. It is 
also recognized to have many biological qualities, including 
nematicidal, insecticidal, antitumor, antimicrobial, antiseptic, 
anti-inflammatory, and antitumor effects.[14-16] Nirgundi helps 
manage anal complications due to its vata balancing and 
kashaya (astringent) properties. It helps prevent constipation 
and reduces the symptoms of inflammation and bleeding, 
thereby providing relief.[17]

The low membrane permeability of the plant bioactive 
compounds resulting from their large molecular size also 
limited their therapeutic uses. By enhancing the solubility and 
absorption profile of herbal bioactives, as well as reducing 
dosage and adverse effects, nanocarriers can maximize their 
effectiveness. The herbal bioactives can be directed by the 
nanoemulsions to a specific target site and kept at a higher 
concentration in the bloodstream for extended periods. 
However, these particular requirements were not met by 
the traditional drug delivery system. The solubility, shelf 
life, permeation, and bioavailability of the herbal bioactives 
may all be enhanced by nanoemulsions.[18] Transparent or 
translucent emulsions with droplet sizes between 20 and 
500 nm are known as nanoemulsions. The physicochemical 
properties and droplet characteristics determine the stability 

and application of nanoemulsions. The parameters that 
are used to investigate the droplet properties are the size, 
composition, concentration, zeta potential, polydispersity, 
and interfacial tension. The physicochemical qualities are 
examined in terms of optical, rheological, gravitational, 
droplet aggregation, Ostwald ripening, and chemical 
stability.[19,20]

MATERIALS AND METHODS

Materials

Nirgundi oil was procured as a free sample from Shayona 
Aromatics (Mumbai, Maharashtra, India). Tween-80 and 
Span-20 were bought from CDH (Delhi, India). The other 
reagents and chemicals are of AR class.

Methods

Construction of pseudoternary phase diagram

To create nanoemulsion systems with the required 
physicochemical properties, it is essential to choose the 
right concentration of each component. The development 
of traditional pseudo-ternary phase diagrams has been 
investigated as a means of improving multi-component 
emulsion formulation.[21] The ternary phase diagrams were 
created using the aqueous titration technique.[22] A number 
of systems with varying concentrations of surfactant and oil 
(drug): Mixture of co-surfactants (Smix).[23,24] The component 
systems are shown in Table 1.

Each system had distilled water added to it until turbidity 
was produced, and the volume of water needed to do so was 
noted. The percentage w/w of each system component was 
determined using the following formulas: [25-27]

wt%of A
A

D
= ×100 � (1)

Table 1: Component system for the development of 
phase diagram

Nirgundi oil 
(Drug) (mL) (A)

Surfactant (Tween 
80+SPAN 20) (mL) (B)

1 4.5+4.5

2 4.0+4.0

3 3.5+3.5

4 3.0+3.0

5 2.5+2.5

6 2.0+2.0

7 1.5+1.5

8 1.0+1.0

9 0.5+0.5
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wt%of B
B

D
= ×100 � (2)

wt%of C
C

D
= ×100 � (3)

Where; A = Nirgundi oil (Drug), B = Smix (Tween 80 + Span 
20), C = Water, D = Weight of mixture.

Formulation and preparation of nanoemulsions

According to prepared ternary phase diagrams, six batches 
of North East (NEs) of nirgundi oil were prepared using 
ultrasonication[28-30] (PCI, NKBR, Meerut).

Characterization of prepared nanoemulsions

Determination of globule size and surface morphology
Globule size and surface morphology of prepared batches of 
nanoemulsions were evaluated by FESEM[31,32] (Hitachi-PU 
10.0 kV), from SAIF PU.

Refractive index measurement
The refractive index is a crucial metric for assessing an 
objective’s ability to gather light and resolve. A refractive 
index of 1.32 for the nanoemulsion suggested that the 
medication was isotropic.[33] The refractive index of the 
prepared nanoemulsion were evaluated using a Digital Abbe 
Refractometer (Milwaukee, MA871).

Zeta potential measurement
Another significant factor that directly impacts the stability 
of nanoemulsions is zeta potential. Higher charge levels 
cause reduced droplet coalescence.[34,35] The prepared 
nanoemulsion’s zeta potential was evaluated using Malvern 
Zetasizer (Version 8.00.4813), which was done at AIIMS, 
New Delhi.

pH measurement
The rectum has a neutral pH of 7–8 and an average fluid 
content of 1–3 mL, with little buffering capability.[36] 
Variations in the pH of the formulation may irritate the site 
of administration. Using a digital pH meter, the produced 
nanoemulsion’s pH was measured (Electronics India, NKBR, 
Meerut).[37]

Viscosity measurement
Viscosity is an important parameter for nanoemulsions. 
Elevated viscosity exhibits a lessened transmembrane 
flow and smaller oil droplets due to raising the membrane 
pores’ internal wall shear stress.[38] A Brookfield viscometer 
(LV-DVE) was used to measure the prepared nanoemulsion 
formulation’s viscosity.

Preparation of calibration curve
Calibration curves are utilized to quantitatively analyze 
an unknown and comprehend the instrumental response to 
an analyte.[39] Multiple dilutions of the formulation were 

prepared using concentrations 2, 4, 6, 8, 10, and 12 µg/mL. 
The absorbance of each dilution was measured at 230 nm 
wavelength. A plot of absorbance versus concentration for 
the measured values was created.

Fourier transform infrared spectroscopy (FTIR): Drug 
excipient compatibility study
For the purpose of determining modifications to drug-
excipient mixtures, FTIR is a practical technology. The 
presence of interactions between the API and the excipient 
under investigation is indicated by the formation of new 
peaks, the loss of an absorption peak, or a decrease in peak 
strength.[40] The drug-excipient compatibility of nanoemulsion 
formulation was evaluated using FTIR (IR Affinity, Japan).

Drug entrapment efficiency and drug loading efficiency 
(DEE and DLE)
The amount of drug that is entrapped into nanoparticles 
and the proportion of the weight of the nanoparticle that is 
composed of the drug are assessed using DEE and DLE, 
respectively.[41,42] The weight amount of the formulation was 
dispersed in ethanol by ultra-sonication. The drug content 
was estimated spectroscopically using 230 nm after making 
a 1000 ppm solution. The eq. (4) and eq. (5)[41] were used to 
calculate the entrapment efficiency and loading efficiency.

DrugEE=
Drugcontent in theproduct obtained mg

Totalammount of dr

( )
uugadded mg( ) ×100 	

� (4)

DrugLE=
Drugcontent in theproduct obtained mg

Total product wt mg

( )
(( ) ×100 	

� (5)

Thermodynamic stability study
The nanoemulsion has a longer shelf life due to 
thermodynamic stability in comparison to regular emulsions. 
It sets them apart from emulsions and will eventually phase 
separate and have kinetic stability. Thermodynamically 
stable formulations were chosen for additional research.[43,44] 
Six heating-cooling cycles were performed to ascertain if 
NEs are thermodynamically stable. The temperature was set 
between 4° and 45°C and store the NEs at each temperature 
for 48 h. For the NEs formulations that are stable at 4°C 
and 45°C, phase separation was monitored during a 30-min 
centrifugation at 3500 rpm.

In vitro drug permeation study
The in vitro permeation studies were used to demonstrate that 
nanoemulsions could increase topical drug delivery when 
compared with the other routes.[45] This study was done with 
the help of cellophane membrane through Franz diffusion 
cell which was having 0.75 cm2 diameter and volume 
capacity of 25 mL. Phosphate buffer (25 mL) pH 7.4 is filled 
in the receptor compartment and cellophane membrane was 
placed in between receptor and donor compartment. 5 mL of 
NEs was filled in donor compartment. The entire assembly 
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was set up on a magnetic stirrer, and a magnetic bead was 
used to stir the solution in the receptor compartment at 
50 revolutions/min. The temperature was set to 37° ± 0.5°C 
at specific time intervals (5, 10, 15, 20, 25, 30, 45, 60, 90, 
120, 180, and 240 min); 2 mL of sample was withdrawn and 
examined for drug with the help ultraviolet spectrophotometer 
at 230 nm.[46,47]

Selection of best formulation
All the batches of prepared nanoemulsion were evaluated 
successfully to optimize the best formulation on the basis of 
all the parameters that satisfy and pass the criteria of good 
nanoemulsion formulation.

In vitro anti-inflammatory activity
The best-selected nanoemulsion formulation undergoes 
in vitro anti-inflammatory activity. The produced 
nanoemulsion’s anti-inflammatory properties are detected 
using two techniques:
•	 Egg albumin denaturation method
•	 Cox II enzyme inhibition method

Egg albumin denaturation method
The basic idea behind the egg albumin denaturation assay 
is that anti-inflammatory medications could preserve protein 
structures and prevent denaturation, which is frequently 
linked to inflammation and tissue damage. The solutions 
listed below need to be made before the egg albumin test.

Preparation of 1% of egg albumin solution: A solution of egg 
albumin was prepared using a fresh hen’s egg. The egg was 
cracked carefully, and 1 mL of the translucent portion was 
transferred to 100 mL of distilled water, thoroughly stirring.

Preparation of diclofenac solution (reference solution): We 
weighed accurately about 5 mg diclofenac and solubilized in 
5 mL distilled water.

Preparation of test solution: The test solution was prepared by 
dissolving 2 mL of the nanoemulsion formulation in 2.8 mL 
of phosphate buffer (pH 7.4).

Preparation of control solution: Control solution was prepared 
by dissolving 2 mL distilled water in 2.8 mL phosphate buffer 
(pH 7.4).

Egg albumin assay: The method for the egg albumin assay is 
given hereunder in Table 2:[47-51]

The following formula was used to determine the percentage 
of protein denaturation inhibition:

Percentage inhibition 
Absorbance of control Absorbance of test sample 100

Absorbance of control
−

= ×
	

� (6)

Cox II enzyme inhibition method: The bioconversion of 
arachidonic acid to inflammatory prostaglandins (PGs) is 
mediated by the enzyme cyclooxygenase (COX), which is 
competitively inhibited by some medicines.[52-55] A group of 
lipid molecules known to mediate both acute and chronic 
inflammation are PGs.[56,57] Various assay methods were 
reviewed for the assessment of in vitro COX activity and 
mode of inhibition by sample compounds.[58,59] The in vitro 
Cox II enzyme inhibition study was done by Aakar Biotech, 
Lucknow.

Reagents and buffers
Extract dilutions: Prepare dilutions from 0 to 500 μg/mL in 
Tris Cl buffer, pH 8.0.

Arachidonic acid, 10 mM (Substrate): Create a 10 mM stock 
solution (3.06 mg/mL) of arachidonic acid and sodium salt 
(Nu-Chek-Prep), using water, and freeze 0.5-mL aliquots for 
several months at −20°C. Dilute to 1 mM to be used as a 
working solution.

COX enzyme solution, 2 mg/mL: Dissolve the 
COX enzyme, ideally in a purified form (e.g., 
Cayman), at a concentration of 2 mg/mL in tris-
buffered saline containing 3-[(3-cholamidopropyl) 

Table 2: Method for egg albumin assay
Test solutions Reference solution Control solution
0.2 mL, 1% solution of egg 
albumin+2 mL formulated 
nanoemulsion+2.8 mL 
phosphate buffer


For half an hour, incubate at 
37±2ºC


Heated for 15 min on water bath 
at 70±2ºC


Measure absorbance using UV 
spectroscopy at 280 nm

0.2 mL, 1% solution of egg albumin+2 
mL diclofenac solution+2.8 mL 
phosphate buffer


For half an hour, incubate at 37±2ºC


Heated for 15 min on water bath at 
70±2ºC


Measure absorbance using UV 
spectroscopy at 280 nm

0.2 mL, 1% solution of egg albumin+2 mL 
distilled water+2.8 mL phosphate buffer


For half an hour, incubate at 37±2ºC


Heated for 15 min on water bath at 70±2ºC


Measure absorbance using UV spectroscopy 
at 280 nm
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dimethylammonio]-1-propanesulfonate (CHAPS) (100 mM 
Tris⋅Cl, pH 7.5, 0.9% NaCl, and 0.4% (w/v) CHAPS). Freeze 
1-mL aliquots at −80°C (they can remain stable for several 
years). Dilute to 100 U/mL to be used as working solution.

N,N,N’, N’-Tetramethyl-p-phenylenediamine (TMPD), 17 
mM: Create a 17 mM stock solution (4 mg/mL) of TMPD 
(from Sigma) using H2O and keep 0.5-mL aliquots in storage 
at –20°C. Dilute to 2 mM to be used as working solution.

Colexib, 17 mM (Positive control): Prepare a 50 mM stock 
of dimethyl sulfoxide (DMSO) and store 0.5-mL aliquots at 
−20°C. Dilute to 500 μM to be used as working solution.

Tris/heme/phenol buffer, composition for 4 mL: 400 μL 1 M 
Tris⋅Cl, pH 8.1 (100 mM final) 4 μL 100% water-saturated 
phenol, 1 mM (1 μM final conc.) 40 μL bovine hemin 
chloride in DMSO, 100 μM (1 μM heme final conc.)

Procedure
Sample dilutions ranging from 0 to 500 μg/mL were made 
in Tris Cl buffer at pH 8.0. Each well of a 96-well plate 
was filled with the reaction components as outlined in the 
reaction mixture set-up table. The reaction commenced 
with the addition of 5 μL of substrate and 5 μL of TMPD 
solution, followed by a 10-min incubation period at room 
temperature. A microplate reader (iMark, BioRad) was then 
used to analyze the absorbance at 595 nm. Table 3 shows the 
composition of the reaction mixture.

In vivo anal fissure healing activity
Anal fissure invasion, grouping of animals, and anal 
fissure healing activity
A nichrome wire (24 SWG) was used to produce atrial 
fibrillation (AF) as part of a modified and standardized 
physical damage procedure. We disinfected the nichrome 
wires with alcohol. The rectum was then torn linearly using a 
100 g weight suspended on the wire.

Two groups of six male Wistar rats, each weighing 150–200 g, 
were allocated at random. Rats that had fasted overnight were 
utilized for AF induction, and they were anesthetized with a 
solution of 1.0 mL 5% ketamine and 1.0 mL 2% xylazine. 24 
SWG of nicrome wire was strung with a 100 g weight to cause 

AF. A linear rip, slit, or abrasion was made by inserting the 
wire’s pointed end into the anal region, softly compressing it, 
and then pulling it back. Since only the anal region could be 
reached by the distance, the AF induction is restricted to the 
anorectal region. An obvious indication of the induction was 
the appearance of a bloodspot in the anal region. Every rat 
underwent this procedure, with each group receiving the same 
weight and pressure.

Each group contained six rats. Group 2 tested 1 (treated with 
a marker (sabinine) incorporating nanoemulsion sample), 
Group 3 was test 2 (treated with prepared formulation), and 
Group 1 was the normal (no induction). After the 5th day, the 
study animals received a 0.2 mL sample through the rectal 
region, and their body weights were recorded every day for 
7 days. All the animals were put to sleep on the final day 
of the study by cervical dislocation; the rectum was then 
removed, examined closely for any visible textural changes, 
and preserved in formalin for additional histological analysis. 
To assess AF in clinical settings, the anorectal sections were 
histopathologically inspected for any alterations.

Histopathological examination
Rats’ anal portions of their rectal tissues were preserved in 
immersed in paraffin with 10% formalin and divided into 3–5 
μm thick pieces. For histological examination, an Olympus 
light microscope was used to view sliced pieces after they 
had been stained with hematoxylin eosin.

RESULTS AND DISCUSSION

Construction of pseudo-ternary phase diagram

The ternary phase diagram was plotted (TernaryPlot.
com) based on the found concentration of each component 
calculated, as shown in Table 4 and the miscible and 
immiscible regions were marked as shown in Figure 1.

•	 In the ternary phase diagram: A = Drug (Nirgundi 
Oil); B = Surfactant (Tween −80 + SPAN 20); C = Water

•	 As per the ternary phase diagram, the concentration 
of the elements is A = 9.26–76.66%; B = 11.94–
71.41%; C = 12.01–23.74%.

Table 3: Reaction mixture composition
Groups Buffer Sample Inhibitor COXII THP buffer Substrate TMPD
Group 1 5 μL ‑ ‑ 10 80 5 5

Group 2 10 μL ‑ ‑ 10 80 ‑ 5

Group 3 ‑ 5 ‑ 10 80 5 5

Group 4 5 μL 5 ‑ 10 80 ‑ 5

Group 5 ‑ ‑ 5 10 80 5 5

Group 6 5 ‑ 5 10 80 ‑ 5
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Table 4: Concentration of each component
Nirgundi oil (mL) (A) Smix (mL) (B) Water (mL) (C)
9.26 71.41 19.32

14.67 61.67 23.74

21.75 62.1 16.05

28.8 55.12 16.06

37.49 47.75 14.75

45.12 36.45 18.41

51.68 32.94 15.37

61.14 21.17 16.67

76.66 11.94 12.1

Figure 1: Phase diagram for nanoemulsion formulation

Formulation and preparation of nanoemulsions

On behalf of the ternary phase diagram, six batches of 
nanoemulsion were prepared, as given in Table 5, using the 
ultra-sonication method (PCI, NKBR, Meerut).

Characterization of prepared batches of 
nanoemulsions

Determination of globule size and surface 
morphology

Every formulated batch was obtained in the globule size range 
of 52.5–143.5 nm with a similar size distribution. The mean 
globule of the formulation is better positioned to the 
definition of the nanoemulsion (50–200 nm) along with the 
best polydispersity index, which indicates the similarity of 
droplet size, shown in Table 6 and Figure 2.

Refractive index measurement

The results of the refractive index study represent the isotropic 
nature of the drug. The outcomes are shown in Table 6.

Zeta potential measurement

Table 6 and Figure 3 show the findings of the zeta potential, 
which represents mutual repulsion between the globules and 
assures the stability of the nanoemulsion formulation.

Figure 5: Comparative infrared radiation spectra of sabinene, 
nanoemulsion formulation, and physical mixture of formulation

Figure 3: Zeta potential image of formulated nanoemulsion

Figure 2: Scanning electron microscopy images of prepared 
nanoemulsion

Figure 4: Calibration curve of formulated nanoemulsion
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Table 6: Droplet size, polydispersity index, zeta potential, and refractive index of each formulation
Formulation code Droplet size# (nm) PDI# Zeta potential# Refractive index#

B1 98.1±0.16 0.481±0.19 −0.212±0.01 1.465±0.08

B2 102.9±0.23 0.823±0.27 −0.187±0.01 1.485±0.08

B3 88.7±0.08 0.919±0.37 −0.249±0.02 1.462±0.99

B4 113.0±0.09 1.081±0.09 −0.187±0.04 1.458±0.97

B5 99.8±0.42 0.613±0.87 −0.173±0.02 1.454±0.09

B6 101.8±0.17 0.799±0.81 −0.177±0.03 1.464±0.89
#n=3 ± S.D.; PDI: Polydispersity index

Table 5: Formulations of nanoemulsion
S. No. Ingredients B1 B2 B3 B4 B5 B6
1 Nirgundi Oil 13 mL 13 mL 13 mL 13 mL 13 mL 13 mL

2 Tween‑80 28.5 mL 30.5 mL 32.5 mL 34.5 mL 36.5 mL 38.5 mL

3 Span 20 28.5 mL 30.5 mL 32.5 mL 34.5 mL 36.5 mL 38.5 mL

4 Distilled Water 30 mL 26 mL 22 mL 18 mL 14 mL 10 mL

Total Vol. 100 mL 100 mL 100 mL 100 mL 100 mL 100 mL

Figure 6: In vitro drug release study of various batches of 
nanoemulsion formulation

Figure  7: Comparative percent inhibition of reference drug 
solution and test formulation

pH measurement

The findings of pH study are 4.5, 4.5, 4.7, 4.3, 4.4, and 4.6, 
respectively, for batches B1 to B6, which represent that the 
pH of each batch is closely relevant to skin epithelium pH, 

making it suitable for topical application and will not cause 
any skin irritation during in vivo administration.

Table 7: Viscosity of various batches of formulated nano‑emulsions at different RPM
Speed (RPM) Viscosity of Batches# (cp)

B1 B2 B3 B4 B5 B6
0 0 0 0 0 0 0

10 172.5±0.42 169.0±0.54 149.6±0.65 148.0±0.41 123.4±0.21 116.2±0.41

20 167.6±0.52 141.9±0.87 133.4±0.87 123.5±0.44 111.9±0.98 108.0±0.38

40 141.8±0.31 138.4±0.75 125.3±0.31 118.4±0.92 104.0±0.71 92.7±0.81

50 132.0±0.67 121.2±0.23 115.4±0.82 109.5±091 99.4±0.23 94.2±0.97
#n=3 ± S.D.; cp: Centipoise
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Table 9: Stability status of the heating‑cooling cycle 
(4–45°C) of various batches of formulation 3

Formulation Heating cooling cycle Stability 
status

B1 Phases were not separated Steady 
formulation

B2 Phases were not separated Steady 
formulation

B3 Phases were not separated Steady 
formulation

B4 Phases were not separated Steady 
formulation

B5 Phases were not separated Steady 
formulation

B6 Phases were not separated Steady 
formulation

Table 8: DEE and DLE of all batches of 
nanoemulsion formulation

Batch DEE# (%) DLE# (%)
B1 94.231±0.10 12.232±0.09

B2 92.849±0.09 12.344±0.08

B3 95.291±0.09 12.139±0.08

B4 95.121±0.08 11.889±0.09

B5 94.231±0.09 11.989±0.12

B6 96.920±0.10 12.975±0.10
#n=3 ± S.D

Viscosity measurement

The findings of viscosity studies are given in Table 7.

Preparation of calibration curve

As seen in Figure 4, a calibration curve was created by 
measuring the absorbance of dilutions.

FTIR: Drug excipient compatibility study

The IR bands showed no incompatibility between the drug and 
excipients. The bands of IR were obtained in various regions, 
such as the sharp bends obtained in the print region and another 
band in the unsaturated region (2000–2400 cm-1) (Figure 5).

DEE and DLE

Drug entrapment and loading efficiency were measured, and 
the findings are shown in Table 8.

Thermodynamic stability study

All nanoemulsion formulations were stable at the heating-
cooling cycle, and no phase separation was observed during 
centrifugation (Table 9).

In vitro drug permeation study

The amount of drug permeated from the formulation 
was higher in B6, 98.01±0.42%, compared to the other 
formulations B1, B2, B3, B4, and B5, as shown in Figure 6.

Selection of best formulation

All the batches of prepared nanoemulsion were evaluated 
successfully, and all the parameters were found satisfactory 
and passed the criteria of good nanoemulsion formulation.

Because all other parameters are close to each other, an in vitro 
drug release study found that B6 was more efficacious than 
all other batches.

In vitro anti-inflammatory activity

•	 Egg albumin denaturation method
•	 Cox II enzyme inhibition method

Figure 9: Assessment of the body weight of grouped animals

Figure 8: (a and b) Comparative % inhibition control of marker (sabinene) B6 nanoemulsion formulation

ba
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Table 10: IC50 value of standard and test formulation
Sample code IC50 value
Sample 1 (Sabinene) 6.594 μg/mL

Sample 2 (B6) 3.735 μg/mL

Egg albumin denaturation method
Percentage inhibition of reference drug solution 
(diclofenac)
Percent inhibition of reference drug, i.e., diclofenac, is shown 
in Figure 7.

Percentage inhibition of test formulation (B6)
The percent inhibition of the best-selected batch formulated, 
B6, among prepared nanoemulsions, and Figure 7 shows the 
comparative percent inhibition.

Cox II enzyme inhibition method
The half maximum inhibitory concentration of marker 
compound, i.e., sabinene and test formulation, i.e., B6 
batch of nanoemulsion is shown here in Table 10 and 
Figure 8a and b.

In vivo anal fissure healing activity
Anal fissure invasion, groups of animals, and anal 
fissure healing activity
The body weight of the diseased group animals (test 
1: 153±3.244 and test 2: 182±8.888 cm at 7 days) did not 

significantly alter from that of the control group animals 
(157.3±7.010 cm) during the whole model creation and 
standardization process, as seen in Figure 9.

Gross evaluation revealed that the 100 g weight caused a 
distinct linear rip, slit, or abrasion in the rectal region, as 
seen in Figure 10a-c. The weight hanging on the wire also 
indicates induction of the fissure with injury.

Histological examination
Histological examination of anal fissures treated 
successfully shows notable improvements in tissue 
architecture compared to untreated fissures as shown in the 
Figure 11a-c. In treated samples classified as normal, the 
squamous epithelium appears intact, with a restoration of 
the normal epithelial layer and absence of necrosis. The 
inflammatory infiltrate is significantly reduced, indicating 
a resolution of the acute inflammatory response. Fibrosis 
may still be present but is less pronounced, suggesting 
improved healing dynamics. Vascular structures return to a 
more normal state, with reduced congestion. Furthermore, 
any changes in the anal sphincter muscle, such as atrophy 
or degeneration, tend to reverse, reflecting the restoration 
of normal function. Overall, these histological findings 
underscore the efficacy of appropriate treatment in 
promoting healing and restoring the structural integrity of 
the anal canal.

Figure 10: (a-c) Fissure invasion in Group I (Normal), Group II animal (Test I), and Group III animal (Test II)

a b c

Figure 11: (a-c) Comparative histology of normal group animal anas, Group II animal anas (Test I) treated with marker formulation 
and Group III animal anas (Test II) treated with marker formulation

a b

c
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CONCLUSION

Six batches of nanoemulsion of Nirgundi oil were prepared 
using Tween-80 and Span 20 polymers in different 
concentrations on behalf of the prepared phase diagram and 
evaluated. The best formulation selected was B6 because of its 
release profile from the formulation. The selected formulation 
was undergone in vitro anti-inflammatory activity and in vivo 
anal fissure healing activity to ensure its therapeutic effect 
and efficacy of drug formulation in anal fissure. Two types 
of in vitro anti-inflammatory activity were performed with 
the formulation, i.e., egg albumin denaturation method and 
COX-II enzyme inhibition. In the egg albumin denaturation 
methods, the anti-inflammatory activity of the formulation 
was compared with the marketed drug, i.e., diclofenac, and 
it was found that the formulation showed more significant 
action than diclofenac. In the COX-II enzyme inhibition, the 
anti-inflammatory activity was compared with the marketed 
drug celecoxib and the pure marker compound of Nirgundi 
oil (sabinene). The findings assure its significant anti-
inflammatory activity. In the anal fissure healing activity, 
three groups of six male Wistar rats were taken. A nichrome 
wire (24 SWG) was used to produce an anal fissure in two 
groups, and one group remained uninvaded. The two groups 
were treated with the marker formulation and prepared 
formulation. The histological examination results assured 
more efficient healing of fissures in the prepared formulation 
group than marker formulation.
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