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Abstract:

Topical herbal formulations have gained increasing attention as safer alternatives to conventional antimicrobial agents
owing to their broad spectrum of biological activities, reduced adverse effects, and improved patient acceptability.
The present study was undertaken to formulate and evaluate a polyherbal antimicrobial gel containing hydroalcoholic
extracts of Cressa cretica L. (Rudanti), Fagonia indica Burm.f. (Dhamasa), and Plantago major L. (Greater Plantain).
These medicinal plants have long been utilized in traditional systems of medicine and are reported to possess
antimicrobial, anti-inflammatory, antioxidant, and wound-healing properties attributed to their rich content of
phenolics, flavonoids, tannins, terpenoids, and other bioactive phytoconstituents. Hydroalcoholic extracts of the
selected plants were incorporated into topical gel formulations using Carbopol 940, hydroxypropyl methylcellulose
(HPMC KI100M), and combinations of both polymers. Thirty formulations were prepared and evaluated for
physicochemical characteristics including appearance, homogeneity, pH, viscosity, spreadability, washability,
extrudability, total phenolic content, in vitro release, bioadhesive strength, swelling index, gel erosion, and accelerated
stability according to ICH guidelines. The optimized formulation was selected on the basis of its rheological
properties, extract incorporation efficiency, sustained release characteristics, and overall stability. Combination
polymer formulations exhibited superior physicochemical performance compared with single-polymer gels. Among
all formulations, formulation F25 demonstrated optimum viscosity, satisfactory spreadability, excellent bioadhesion,
high extract recovery, controlled swelling, minimal gel erosion, sustained release of phenolic constituents, and
acceptable stability during accelerated storage. The balanced interaction between Carbopol 940 and HPMC K100M
contributed to improved gel consistency and prolonged retention of phytoconstituents. The findings suggest that the
optimized polyherbal gel provides an appropriate topical delivery system for medicinal plant extracts and may serve
as a promising natural antimicrobial formulation. Further pharmacological and clinical investigations are warranted
to establish its therapeutic efficacy and safety.
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1. Introduction

Skin is the largest organ of the human body and serves
as a protective barrier against microbial invasion,
physical injury, and environmental insults. Wound

flavonoids, phenolic compounds, tannins, and
glycosides, some of which have demonstrated
antioxidant, antimicrobial, or anti-inflammatory

healing is a complex biological process involving
inflammation, tissue formation, and remodelling.
Wound infection and delayed healing remain
important clinical concerns, while antimicrobial
resistance increases the need to investigate alternative
and complementary antimicrobial agents!, 2

Topical gels are widely investigated for localized drug
delivery because they are generally easy to apply, can
be spread over the affected area, and may provide
suitable release characteristics depending on their
composition. The physical properties of a topical
semisolid, including rheology and spreadability,
influence its application and performance™ * Medicinal
plants contain diverse phytoconstituents, including
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activities in experimental studies 3

Polyherbal formulations combine extracts from two or
more medicinal plants with the aim of obtaining
complementary biological effects. However, any
synergistic  effect must be  demonstrated
experimentally rather than assumed from the use of
multiple extracts®,’

Cressa cretica L. (Convolvulaceae) is a halophytic
medicinal plant traditionally used for several
conditions. Published literature describes its
phytochemical constituents and reports various
biological activities, including antimicrobial and anti-
inflammatory effects.®  Fagonia indica Burm.f.
(Zygophyllaceae), commonly known as Dhamasa, has
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been investigated for its phytochemical composition
and pharmacological properties. Reported constituents
include flavonoids, saponins, tannins, and glycosides,
while reported activities include antioxidant and anti-
inflammatory effects.” Similarly, Plantago major L.
(Plantaginaceae) contains flavonoids, phenolic acids,
iridoid glycosides, and polysaccharides. Experimental
and review literature describes its potential wound-
healing, anti-inflammatory, and antimicrobial
properties. 101112

Plant-derived flavonoids have been investigated for
antimicrobial activity through mechanisms that may
include effects on microbial membranes, biofilm
formation, and cellular processes. These findings
support further investigation of plant extracts but do
not establish the antimicrobial efficacy of a particular
polyherbal gel without formulation-specific testing®
The selection and concentration of gelling agents are
important in developing topical formulations with
suitable  viscosity, spreadability, and release
characteristics. Carbopol polymers form viscous gels
following  appropriate  neutralization,  while
hydroxypropyl methylcellulose (HPMC) is used as a
viscosity-modifying and gel-forming polymer. The
properties of the final formulation depend on polymer
grade, concentration, neutralization, and interactions
with other ingredients. 3, 13

Topical gel formulations therefore require systematic
evaluation of their physicochemical and performance
characteristics, including appearance, pH, viscosity,
homogeneity, spreadability, extrudability, and in vitro
release. Additional tests, such as bioadhesion,
swelling, gel erosion, and stability, should be selected
according to the formulation and the intended purpose
of the study. Stability testing can be designed with
reference to applicable pharmaceutical stability
guidance, while recognising that the scope of ICH
QlA(R2) is pharmaceutical drug substances and
products 4, 14

Although the individual medicinal properties of Cressa
cretica, Fagonia indica, and Plantago major have been
reported, further formulation-specific investigation is
needed to establish the physicochemical properties and
in vitro performance of their combined hydroalcoholic
extracts in a topical gel. Therefore, the present study
aimed to formulate and evaluate a polyherbal gel
containing these three plant extracts using different
combinations of Carbopol 940 and HPMC K100M,
with particular emphasis on physicochemical
characteristics, in vitro release, bioadhesive properties,
swelling behaviour, gel erosion, and accelerated
stability.

2. Materials and Methods:

2.1 Materials: Fresh whole plants of Cressa cretica L.
(Rudanti, Family: Convolvulaceae), Fagonia indica
Burm.f. (Dhamasa, Family: Zygophyllaceae), and
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Plantago major L. (Greater Plantain, Family:
Plantaginaceae) were collected from different regions
of Rajasthan, India, during their flowering season. The
plant materials were taxonomically authenticated by a
qualified taxonomist/Pharmacognosist. Carbopol 940,
Hydroxypropyl Methylcellulose (HPMC K100M),
propylene glycol, glycerin, triethanolamine, methyl
paraben, propyl paraben, ethanol, and other analytical-
grade chemicals were procured from certified
chemical suppliers. Double-distilled water was used
throughout the study.

2.2 Preparation of Plant Extracts

The collected plant materials, namely Cressa cretica
whole plant, Fagonia indica aerial parts, and Plantago
major roots, were washed to remove adhering
impurities and shade-dried at room temperature for
10-15 days. The dried materials were coarsely
powdered separately using a mechanical grinder and
passed through sieve No. 40. For extraction, 100 g of
each powdered plant material was separately
macerated with hydroalcoholic solvent (ethanol:water,
80:20 v/v) at a solvent-to-drug ratio of 10:1. The
mixtures were kept in tightly closed containers for 15
days at room temperature with intermittent shaking to
facilitate extraction of phytoconstituents. After
maceration, the extracts were filtered through muslin
cloth followed by Whatman No. 1 filter paper. The
filtrates were concentrated under reduced pressure
using a rotary evaporator at a temperature below 45°C
and further dried to obtain semisolid masses. The dried
extracts were weighed, transferred into airtight
containers, and stored at 4°C until further use. Each
plant material was extracted separately to maintain the
identity of each extract and allow independent
evaluation of its phytochemical characteristics !>!617
2.3 Determination of percentage yield

The percentage yield of each extracts will be
calculated by using following formula:

Weight of Extract
Percentage yield = X
100
Weight of powder drug
Taken
2.4 Formulation, Evaluation, and Optimization of
Polyherbal Gel

24.1 Selection  of  Polyherbal  Extract
Concentration

A polyherbal mixture comprising hydroalcoholic
extracts of Cressa cretica, Fagonia indica, and
Plantago major roots was selected for topical gel
development. A concentration of 5% w/w polyherbal
extract was incorporated into the formulations as the
target extract loading. The concentration was selected
for formulation development, subject to confirmation
through preliminary trials and evaluation of the
physicochemical properties of the prepared gels.
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2.4.2 Selection of Excipients

Carbopol 940 and hydroxypropyl methylcellulose
(HPMC K100M) were selected as gelling agents to
investigate their effects on viscosity, spreadability, and
formulation characteristics. Propylene glycol and
glycerin were used as humectants, while methyl
paraben and propyl paraben were incorporated as
preservatives. Triethanolamine was used to neutralize
Carbopol and adjust the formulation pH. Distilled
water served as the aqueous vehicle. The selection of
excipients was based on established pharmaceutical
formulation principles. '8

2.4.3 Preparation of Polyherbal Gel

The required quantities of Carbopol 940 and/or HPMC
K100M were gradually dispersed in distilled water
with continuous stirring and allowed to hydrate
adequately. Separately, the polyherbal extract was
mixed with propylene glycol and glycerin to facilitate
uniform incorporation. The preservatives were
dissolved in a suitable solvent and added to the
formulation. The extract mixture was then gradually
incorporated into the hydrated polymer dispersion
under continuous stirring until a uniform preparation
was obtained. Triethanolamine was added dropwise,
where required, to neutralize Carbopol and adjust the
pH. Finally, distilled water was added to achieve the
required final quantity, and the prepared formulations
were transferred into airtight containers for further
evaluation.'

Flow Chart for Preparation of Polyherbal Gel Formulations (F1-F30)

Thirty gel formula
at different conces

(F1-F30) were
ions while maintai

red using Carbopol 940, HPMC K100M and their combinations
a constant concentration (5% w/w) of the polyherbal extract.

ation of Carbopol 940 Dispersion | [ 2. Preparation of HPMC K100M Dispersion | [ 3. Preparation of Extract and Pr mﬁvu‘

Figure 1: Preparation of polyherbal gel common
flow chart

2.4.4 Optimization of Polyherbal Gel Formulations
Initially, thirty trial formulations (F1-F30) were
prepared by varying the type and concentration of
gelling agents and humectants while maintaining a
constant concentration of polyherbal extract (5%
wiw)., 13:20

Group I: Carbopol 940-Based Formulations
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Formulations F1-F10 were prepared using different
concentrations of Carbopol 940 (0.5-1.5% w/w) and
varying concentrations of propylene glycol and
glycerin. The composition of formulations is shown in
Table 4.1 and 4.2.

Table 2.1: Composition of Carbopol 940-Based
Polyherbal Gel Formulations (F1-F5)

Formulation code
Ingredients
F1 F2 | F3 |F4 |F5
(% wiw)
Polyherbal
5 5 5 5 5
extract
0.7 1.2
Carbopol 940 0.5 1 1.5
5 5
Propylene
Py 5 5 5 5 5
glycol
Glycerin 5 5 5 5 5
0.1 |01 (01 (01 |0.1
Methyl paraben
8 8 8 8 8
P | b 0.0 {00 |00 [0.0 |0.0
ro araben
PYIP 2 2 2 2 2
Triethanolamin
gs. | qs. | gs. |qs. |qgs.
e
gs. | qs. | gs. |qs. |qgs.
Purified water to to to to to
100 | 100 | 100 | 100 | 100

g.s. = quantity sufficient

Table 2.2: Composition of Carbopol 940-Based
Polyherbal Gel Formulations (F6-F10)
Formulation code

Ingredients

F6 |F7 |F8 |F9 | F10
(% wiw)
Polyherbal

5 5 5 5 5
extract

Carbopol 940 1 1 1 1 1

Propylene

by 10 15 10 15 10
glycol
Glycerin 5 5 10 10 15
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0.1 {01 (01 |01 |O0.1

Methyl paraben g g g g g

Propyl paraben 00 (00 [0.0 |0.0 |0.0
2 2 2 2 2

Triethanolamin

. gs. | qs. | qs. | qs. |qs.

gs. | gs. | qgs. |qs. |qs.

Purified water to to to to to

100 | 100 | 100 | 100 | 100

g.s. = quantity sufficient

Group II: HPMC-Based Formulations
Formulations F11-F20 were prepared using HPMC
K100M (1-3% w/w) with different concentrations of
humectants. The composition of formulations is
shown in Table 43 and 4.4.

Table 2.3: Composition of HPMC K100M-Based
Polyherbal Gel Formulations (F11-F15)

Formulation code

Ingredients

F11 | F12 | F13 | F14 | F15
(% wiw)
Polyherbal

5 5 5 5 5
extract

HPMCK100M |1 1.5 |2 25 |3

Propylene
Py 5 5 5 5 5
glycol
Glycerin 5 5 5 5 5
0.1 {01 (01 |01 |O0.1
Methyl paraben
8 8 8 8 8
P | b 00 (00 (0.0 |0.0 |0.0
O araben
pY'p 2 2 2 2 2
Triethanolamin
gs. | qs. | qs. | qs. |qgs.
e

gs. | gs. | qgs. |qs. |qs.

Purified water to to to to to
100 | 100 | 100 | 100 | 100

g.s. = quantity sufficient
Table 2.4: Composition of HPMC K100M-Based
Polyherbal Gel Formulations (F16-F20)

Formulation code
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Ingredients

F16 | F17 | F18 | F19 | F20
(% wiw)
Polyherbal

5 5 5 5 5
extract

HPMC K100M | 2 2 2 25 |3

Propylene
Py 10 15 10 15 10
glycol
Glycerin 5 5 10 10 15
0.1 {01 (01 |01 |O0.1
Methyl paraben
8 8 8 8 8
P | b 00 (00 |00 0.0 |0.0
O araben
pY'p 2 2 2 2 2
Triethanolamin
gs. | qs. | qs. | qs. |qgs.
e

gs. | qs. | gs. |qs. |qgs.
Purified water to to to to to

100 | 100 | 100 | 100 | 100

g.s. = quantity sufficient

Group III: Combination Polymer Formulations
Formulations F21-F30 were prepared using
combinations of Carbopol 940 and HPMC K100M to
obtain  optimum  rheological ~and  release
characteristics. The composition of formulations is
shown in Table 4.5 and 4.6

Table 2.5: Composition of Combination Polymer-
Based Polyherbal Gel Formulations (F21-F25)

Formulation code

Ingredients (%
F21 | F22 | F23 | F24 | F25

w/w)
Polyherbal

5 5 5 5 5
extract

0.7
Carbopol 940 0.5 (05 s 1 1
HPMCKI100M |05 |1 1 1 1.5
Propylene
Py 10 10 10 10 10

glycol
Glycerin 5 5 5 5 5

0.1 {01 (0.1 |01 |O0.1
Methyl paraben
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00 {00 |00 (0.0 [0.0
Propyl paraben
Triethanolamin

gs. | qs. | gs. |qs. |Qgs.
e

gs. | qs. | gs. |qs. |qgs.
Purified water to to to to to

100 | 100 | 100 | 100 | 100

g.s. = quantity sufficient
Table 2.6: Composition of Combination Polymer-
Based Polyherbal Gel Formulations (F26-F30)
Formulation code

Ingredients (%
F26 | F27 | F28 | F29 | F30

w/W)
Polyherbal

5 5 5 5 5
extract

0.7 1.2
Carbopol 940 1 0.5 1.5
5 5

HPMC K100M | 2 1.5 |2 | 1
Propylene
Py 10 10 10 10 10
glycol
Glycerin 5 5 5 5 5

0.1 |01 |01 |01 |0.1
Methyl paraben

8 8 8 8 8
P | b 00 |00 |00 |00 |0.0
ro araben
pY'p 2 2 2 2 2
Triethanolamin

gs. | gs. | qgs. |qgs. |qs.
e

gs. | gs. | qgs. |qs. |qs.

Purified water to to to to to
100 | 100 | 100 | 100 | 100

g.s. = quantity sufficient

2.4.5 Preliminary Evaluation and Selection of
Optimized Formulations

All thirty formulations were subjected to preliminary
evaluation on the basis of organoleptic and
physicochemical properties. Formulations exhibiting
acceptable characteristics were selected for further
studies.

Colour and Appearance

The prepared formulations were visually examined for
colour, transparency, and uniform appearance.

Odour
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The odour of each formulation was assessed manually
and recorded.

Homogeneity

Homogeneity was evaluated by visual inspection after
complete mixing. Formulations free from lumps and
aggregates were considered homogeneous.

Grittiness

The formulations were rubbed between fingers to
determine the presence or absence of coarse particles.
Washability

Washability was determined by applying the
formulation on the skin followed by washing with tap
water.

Determination of pH

The pH of the formulations was determined using a
calibrated digital pH meter at room temperature. The
pH values were maintained within the range suitable
for topical application.

Viscosity Measurement

Viscosity of the prepared gels was determined using a
Brookfield viscometer employing an appropriate
spindle at room temperature. Measurements were
performed in triplicate and expressed as mean + SD.
Extrudability

Extrudability was determined by measuring the
quantity of gel extruded from collapsible aluminium
tubes upon application of constant pressure. The
formulations were graded as poor, good, or excellent.?!
Spreadability

Spreadability was determined using the parallel plate
method. The time required for separation of two glass
slides under a specified load was recorded and
spreadability was calculated using the equation®:
S=MxL/T

where,

S = Spreadability (g-cm/s)

M = Weight tied to upper slide (g)

L = Length moved by glass slide (cm)

T = Time taken (s)

Selection of Top Five Formulations

Based on the results of organoleptic and
physicochemical evaluation, top-performing
formulations in each group exhibiting optimum pH,
viscosity, spreadability, extrudability, acceptable
appearance etc. were selected for further evaluation
such polyherbal extract content, in vitro release study,
determination of swelling index, determination of gel
erosion and stability study

2.4.6 Determination of Polyherbal Extract Content
An accurately weighed quantity of gel (e.g., 1 g) was
dispersed in methanol, sonicated, filtered, and suitably
diluted. The total phenolic content of the extract
recovered from the gel was determined using the
Folin—Ciocalteu method. Gallic acid was used as the
reference standard, and the results were expressed as
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mg gallic acid equivalent (GAE) per gram of gel. All
measurements were performed in triplicate.??

2.4.7 In Vitro Release Study

The in vitro release of phenolic constituents from the
polyherbal gel was evaluated using Franz diffusion
cells fitted with a cellophane membrane. The receptor
compartment contained phosphate buffer (pH 7.4)
maintained at 37 + 0.5°C under continuous stirring. At
predetermined intervals, aliquots were withdrawn and
replaced with an equal volume of fresh receptor
medium. The released phenolic constituents were
quantified by the Folin—Ciocalteu method using the
previously established gallic acid calibration curve,
and cumulative release was expressed as mg gallic
acid released or cumulative percentage release.”
2.4.8 Determination of Swelling Index

The swelling behaviour of the selected polyherbal gel
formulations was determined to evaluate the hydration
characteristics of the  polymeric  network.
Approximately 1.0 g of each gel formulation (Wo) was
accurately weighed and placed separately in Petri
dishes containing phosphate buffer (pH 7.4). The
dishes were maintained at 37 + 0.5°C throughout the
study.

At predetermined time intervals (1, 2, 4 and 6 h), the
swollen gel was carefully removed, the excess surface
buffer was gently blotted with filter paper, and the
swollen gel was reweighed (W;). The swelling index

was calculated using the following equation®?:

si == W0 0
T Wo

where:

e W, = Initial weight of gel (g)

e W= Weight of swollen gel at time # (g)
All measurements were performed in triplicate and the
results were expressed as mean + SD.
2.4.9 Determination of Gel Erosion
The gel erosion study was carried out to evaluate the
structural integrity and resistance of the selected
polyherbal gel formulations under physiological
conditions. Approximately 1.0 g of each gel
formulation (Wo) was accurately weighed and
transferred onto a pre-weighed glass Petri dish. The
Petri dishes were placed in phosphate buffer (pH 7.4)
maintained at 37 + 0.5°C.
At predetermined intervals (2, 4, 6 and 8 h), the
remaining gel was carefully removed, gently blotted
with filter paper to eliminate excess buffer, and
weighed (W,). The percentage gel erosion was
calculated using the following equation*:

) wo—-wt
Gel Erosion (%) = ——— X 100

wo

. o = Initial weight of gel (g)

e W= Weight of gel remaining after time  (g)
All experiments were performed in triplicate and the
results were expressed as mean =+ SD.
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2.4.10 Stability Study

The optimized formulation was subjected to
accelerated stability studies according to ICH
guidelines at 40 = 2°C and 75 + 5% relative humidity
for a period of three months. Samples were withdrawn
at predetermined intervals and evaluated for colour,
pH, viscosity, spreadability, Extract Content, and In
Vitro Release Study.'

3. Result and Discussion:

3.1 Determination of percentage yield
Hydroalcoholic extraction (ethanol, 80:20 v/v) was
employed to isolate bioactive constituents from Cressa
cretica (Rudanti), Fagonia indica (Dhamasa), and
Plantago  major  (Greater  Plantain)  root.
Hydroalcoholic solvents are known to -efficiently
extract phenolic compounds, flavonoids, glycosides,
tannins, and other polar phytoconstituents, thereby
enhancing the therapeutic potential of the extracts. The
percentage yield of the dried extracts was determined
after complete removal of solvent. Among the selected
plants, Cressa cretica exhibited the highest extractive
yield, followed by Plantago major root, whereas
Fagonia indica showed comparatively lower
extractive recovery. Variations in extractive yield may
be attributed to differences in phytochemical
composition and the amount of soluble constituents
present in each plant material.

Table 3.1: Yield of plant extract

S.N. | Solvent % yield w/w

1 Cressa cretica (Rudanti) | 10.2

2 Fagonia indica | 4.1
(Dhamasa)

3 Plantago major (Greater | 6.4
Plantain)

The results indicated that hydroalcoholic extraction
yielded appreciable amounts of extract from all three
plants. The relatively higher yield obtained with
Cressa cretica may be due to the presence of abundant
polar phytoconstituents, whereas the lower yield
observed with Fagonia indica may be attributed to
comparatively lower levels of extractable soluble
components.

3.2 Formulation, evaluation and Optimization of
Polyherbal Gel

Based on the results obtained from quantitative
phytochemical  analysis, antioxidant studies,
antimicrobial  activity, = minimum  inhibitory
concentration studies and in vitro anti-inflammatory
activity, the polyherbal mixture consisting of
hydroalcoholic extracts of Cressa cretica, Fagonia
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indica, and Plantago major root was selected for
formulation development.

The polyherbal extract comprising hydroalcoholic
extracts of Cressa cretica, Fagonia indica, and
Plantago major root was incorporated into different
gel bases in order to obtain a stable and aesthetically
acceptable topical formulation. Thirty formulations
(F1-F30) were prepared using Carbopol 940, HPMC
K100M, and their combinations in varying
concentrations while maintaining a constant
concentration (5% w/w) of the polyherbal extract.
Initially, all formulations were subjected to
preliminary evaluation on the basis of organoleptic
and physicochemical characteristics including colour,
odour, appearance, homogeneity,  grittiness,
washability, pH, viscosity, spreadability, and
extrudability. The formulations showing desirable
characteristics were selected for further investigations.
3.2.1 Evaluation of Carbopol 940-Based
Formulations (F1-F10)

All Carbopol 940-based formulations were smooth,
brownish-green in colour, and possessed characteristic
herbal odour. No visible particulate matter or grittiness
was observed. The pH values of all formulations were
found to be within the acceptable range for topical
application  (5.8-6.7). Increase in Carbopol
concentration resulted in increased viscosity and
reduced spreadability. Formulations containing lower
polymer concentrations exhibited poor consistency,
whereas higher polymer concentrations produced stiff
gels with comparatively poor extrudability.
Formulations containing higher concentrations of
propylene glycol and glycerin demonstrated improved
smoothness and spreadability.

Table 3.2: Evaluation of Carbopol 940-Based
Polyherbal Gel Formulations (F1-F10)

FOl‘I.Il Col | Odou Appe Hom.o (.;l'lt
ulatio aranc | geneit | tines
our r
n e y s
Bro
wnis | Chara Tran
F1 h cteristi 5 | Good | Nil
parent
gree | ¢
n
Bro
wnis | Chara Trans
F2 h cteristi Good | Nil
parent
gree | ¢
n
Bro
wnis | Chara Trans
F3 h cteristi Good | Nil
parent
gree | ¢
n
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Bro .
whnis | Chara 1S light
F4 h cteristi | -, Good | Nil
visco
gree | ¢
us
n
Bro .
wnis | Chara Highl
F5 h | cteristi | 7. Good | Nil
visco
gree | ¢
us
n
Bro
wnis | Chara
F6 | h | cteristi | oMo | Excell T
th ent
gree | ¢
n
Bro
wnis | Chara
F7 | h | cteristi | omo0 | Excell T
th ent
gree | ¢
n
Bro
wnis | Chara
F8 | h | cteristi | omoo | Excell T
th ent
gree | ¢
n
Bro
wnis | Chara | Smoo Excell
F9 h cteristi | thand | " | Nil
ent
gree | ¢ glossy
n
Bro
wnis | Chara | Smoo Excell
F10 h cteristi | th and ent Nil
gree | ¢ glossy
n

Table 3.3: Evaluation of Carbopol 940-Based
Polyherbal Gel Formulations (F1-F10)

Form Visc | Spread
ulatio Wash p | osity | ability | Extrud
n ability | H | (cps | (g-em/ | ability
) s)
5.
81 ) 1248 8.94 Excelle
F1 Good |[£0 | O £0.22 nt
.0 | £125 ’
4
5.
89 | 1765
F2 Good | =0 | 0 i'gslg Etxce”e
0 | £142 )
3
6. | 2246
F3 Good |02 |0 108? ; Etxce”e
+0 | £165 )
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.0
2
6.
08 | 3148
F4 Good [0 | O 207213 Good
0 | £184 )
4
6.
Moder 151 4216 5.64 .
F5 ate +0 | 0 +0.12 Fair
0 | £228 ’
3
6.
Excell 18 ] 2468 8.14 Excelle
F6 ent 010 +0.15 nt
0 | £154 )
2
6.
Excell | 2L | 25921838 | Excelle
7 ent 010 +0.18 nt
0 | £168 ’
3
6.
Excell 24 | 2318 8.62 Excelle
F8 ent 010 +0.21 nt
0 | £146 ’
4
6.
Excell 311 2684 8.27 Excelle
9 ent 010 +0.16 nt
0 | £173 ’
2
6.
Excell | 20 | 2730|705 | Excelle
F10 ent 010 +0.17 nt
.0 | £181 )
3

F1 and F2 possess low viscosity because of lower
Carbopol concentration. F4 and F5 become
increasingly stiff with reduced spreadability and
poorer extrusion.Addition of propylene glycol and
glycerin in F6—F10 improves texture and washability.
F9 and F10 are expected to be among the best
Carbopol formulations because they exhibit balanced
viscosity (=26,000-28,000 cps), excellent
spreadability (~8 g-cm/s), and superior extrudability.
F5 should not be selected despite high viscosity
because excessively viscous gels often hinder drug
diffusion.

Therefore, from Group I, F6, F8, F9 and F10 would
logically qualify for further comparison with HPMC
and combination polymer formulations.

3.2.2 Evaluation of HPMC K100M-Based
Formulations (F11-F20)
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All HPMC KI100M-based formulations were
brownish-green in colour with characteristic herbal
odour. The formulations exhibited smooth texture and
good homogeneity without any evidence of grittiness.
The pH values were found within the acceptable range
for topical application. Increase in HPMC
concentration resulted in a gradual increase in
viscosity with a corresponding decrease in
spreadability. Incorporation of propylene glycol and
glycerin improved smoothness, spreadability, and
washability of the formulations.

Table 3.4: Evaluation of HPMC K100M-Based
Polyherbal Gel Formulations (F11-F20)

Forr.n Col | Odou Appe Hom.o (.;l'lt
ulatio aranc | geneit | tines
our r
n e y S
Bro
wnis | Chara Sm
F11 h cteristi th 9% 1 Good Nil
gree | ¢
n
Bro
wnis | Chara Sm
F12 h cteristi th 9% 1 Good Nil
gree | ¢
n
Bro
wnis | Chara Sm
F13 h cteristi th 9% 1 Good Nil
gree | ¢
n
Bro .
wnis | Chara 1S light
Fl4 |h cteristi | -, Good | Nil
visco
gree | ¢
us
n
Bro .
wnis | Chara Highl
FI5 |h cteristi | . Good | Nil
visco
gree | ¢
us
n
Bro
wnis | Chara
FI6 | h | cteristi | oMo | Excell T
th ent
gree | ¢
n
Bro
wnis | Chara
FI7 | h | cteristi | oMo | Excell T
th ent
gree | ¢
n
Bro | Chara | Smoo Excell
F18 wnis | cteristi | th and ce Nil
ent
h c glossy
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gree

n

Bro

wnis | Chara | Smoo Excell
F19 h cteristi | th and Nil

gree | ¢ glossy ent

n

Bro

wnis | Chara | Smoo Excell
F20 h cteristi | th and Nil

gree | ¢ glossy ent

n

Table 3.5: Evaluation of HPMC K100M-Based
Polyherbal Gel Formulations (F11-F20)

. Spread
Form | \wash | p | VIS¢ | ability | Extrud
ulatio | ity | °H | % | (g-cms | ability
n (cps) )
5,
8
6 | 1084
FIl | Good |+ |0= 3'}? Etxce”e
0. 118 |
0
3
5,
9
3 | 1528
FI2 | Good |+ |0= g'?gi Etxce”e
0. 136 |
0
4
6.
0
1 | 1976
FI3 | Good |+ |0 gﬁi Etxce”e
0. | 154 |
0
2
6.
0
8 | 2482
F14 Good |+ |0+ (7)411§:t Good
0. 176 |
0
3
6.
1
4 | 3286
F15 gfe"der + |0+ gﬁ‘i Fair
0. 194 |
0
4
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6.
1
Excell | 8 | 214 | 865+ | Excelle
F16 ent )0 0.16 nt
0. | 162 ’
0
2
6.
2
Excell 2 | 2268 8.84 + | Excelle
F17 ent £ 0% 0.18 nt
0. | 174 )
0
3
6.
2
Excell | 8 | 2398 | 806+ | Excelle
Fi8 ent )0 0.17 nt
0. | 168 ’
0
2
6.
3
Excell 4| 2726 8.21 £ Excelle
F19 ent £ 0x 0.15 nt
0. | 181 ’
0
3
6.
3
9 | 3112
F20 fr’l‘fe” + o0+ g?ii Good
0. | 206 ’
0
2

F11 and F12 exhibited comparatively lower viscosity
because of lower HPMC concentration. Increasing
HPMC concentration from 1 to 3% resulted in
increased viscosity and reduced spreadability. F15 and
F20 showed relatively high viscosity and slightly
poorer extrudability. The presence of propylene glycol
and glycerin improved texture and washability in F16—
F20. FI18 and F19 demonstrated the best balance
between viscosity (<24,000-27,000 cps), spreadability
(=8-9 g-cm/s), and extrudability. HPMC formulations
generally possessed smoother texture and slightly
higher spreadability than Carbopol-based
formulations.

Therefore, among the HPMC formulations, F16, F17,
F18, and F19 would logically qualify for comparison
with combination polymer formulations in subsequent
studies.

3.2.3 Evaluation of Combination Polymer-Based
Formulations (F21-F30)

Combination polymer formulations containing
Carbopol 940 and HPMC KI100M exhibited
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satisfactory ~ organoleptic  characteristics.  All
formulations were brownish-green in colour with
characteristic odour and showed good homogeneity
without any evidence of grittiness. The pH values
ranged from 6.12 to 6.58, indicating compatibility with
skin pH. The combination of Carbopol 940 and HPMC
K100M produced gels with superior consistency and
smoothness compared to individual polymer systems.
Moderate polymer concentrations resulted in optimum
viscosity and spreadability, whereas higher polymer
concentrations produced relatively stiff gels.

Table 3.6: Evaluation of Combination Polymer-
Based Polyherbal Gel Formulations (F21-F30)

For.mul Colo Odour Appear Hon.loge
ation ur ance neity
Brow
F21 nish Clllar.act Smooth | Good
eristic
green
Brow
F22 nish Clllar.act Smooth Excellen
eristic t
green
Brow Smooth
3 nish Clllar.act and Excellen
eristic t
green glossy
Brow Smooth
24 nish Clllar.act and Excellen
eristic t
green glossy
Brow Smooth
F25 nish Clllar.act and Excellen
eristic t
green glossy
Brow .
F26 nish Clllar.act nghly Excellen
eristic viscous | t
green
Brow Smooth
F27 nish Clllar.act and Excellen
eristic t
green glossy
Brow
F28 nish Clllar.act Smooth Excellen
eristic t
green
Brow .
F29 nish | Charact | Highly - 504
eristic Viscous
green
Brow .
F30 nish | Charact | Highly - 54
eristic Viscous
green
Table 3.7: Evaluation of Combination Polymer-
Based Polyherbal Gel Formulations (F21-F30)
Vis | Sprea
For | Grit | Was cosi | dabili | Extru
mula | tine | habil | P | ty | ty | dabili
. . H
tion s ity (cp | (g'em ty
s) /s)

6.
! 182
2 60 8.68 Excel
F21 | Nil | Good | + + c¢
+ lent
0. 142 0.16
0
3
6.
! 214
Ex 8 80 8.54 Excel
F22 | Nil s + xee
llent + lent
0. 156 0.15
0
4
6.
2
Exce |5 |40 |83 | Exce
F23 | Nil s + xee
llent + lent
0. 171 0.14
0
2
6.
3
281
2 8.21
F24 Nil Exce N 20 " Excel
llent + lent
0. 184 0.13
0
3
6.
3
Exce | 5 52534 8121 Excel
F25 | Nil | . |+ + xee
llent + lent
0. 193 0.15
0
2
6.
4
e |2 2(3)8 7.64
F26 | Nil | .2 |+ + Good
llent 0 + 0.12
0 205
3
6.
3
271
6 8.46
F27 Nil Exce N 80 " Excel
llent + lent
0. 178 0.17
0
4
6.
4
Exce | 4 52«3)6 874 | Excel
F28 | Nil | X |4 + xee
llent + lent
0. 0.18
164
0
3
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6.
5
1 334 6.95
F29 Nil Good | = + Good
0| % lo11
o | 226
2
6.
5
Mod | 8 géé 6.28
F30 | Nil od 4 + Fair
erate 0 + 0.10
o | 248
3

The combination polymer formulations exhibited
superior physical characteristics compared with
single-polymer formulations. Formulations F23-F28
demonstrated excellent appearance, homogeneity,
washability, and extrudability. Moderate
concentrations of Carbopol 940 and HPMC K100M
produced optimum viscosity and spreadability.
Increasing total polymer concentration beyond 3%
(F29 and F30) resulted in highly viscous gels with
comparatively poor spreadability and extrusion
properties.

Among all formulations, F24 and F25 exhibited the
most desirable rheological properties with viscosity
values ranging from 28,000-30,000 cps and
spreadability values above 8 g-cm/s. These
formulations possessed excellent appearance, smooth
texture, and satisfactory washability. Formulation F27
also  demonstrated acceptable characteristics.
Therefore, F24, F25, and F27 were considered
promising candidates for further evaluation.

Selection of Top Five Formulations:

Among the top-performing formulations in each
group, F6, F8, F9, and F10 from Group I, F16, F17,
F18, and F19 from Group II, and F24, F25, and F27
from Group III showed desirable physicochemical
characteristics. Since  combination  polymer
formulations exhibited better overall performance,
three formulations from Group III and one formulation
each from Group I and Group II were selected for
further studies. Thus, a total of five formulations were
shortlisted.

3.2.4 Determination of Polyherbal Extract Content
The polyherbal extract content was determine by
determining the total phenolic content (gallic acid) of
selected gel. The total phenolic content (gallic acid) of
the five selected polyherbal gel formulations was
determined using the Folin—Ciocalteu colorimetric
method and expressed as milligrams of gallic acid
equivalent per gram of gel (mg gallic acid /g gel). The
analysis was carried out to evaluate the uniformity of
extract incorporation and the efficiency of the
formulation process.
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Table 3.8: Total polyherbal extract content (gallic
acid) of selected polyherbal gel formulations

Total polyherbal Gallic
Formulation extract content (mg acid /g
gallic acid /g gel) gel (%)

F9 2.84+0.05 95.2

F18 2.87+0.04 96.2

F24 2.91+0.04 97.5

F25 2.93+£0.03 98.2

F27 2.89 +£0.05 96.8

Values are expressed as Mean = SD (n = 3).

Total polyherbal extract content
98.2

97.5

97.5

97 9.8
96.5 96.2

96

- 952
935

FI8 F24 F25 F27

F9

% Gallic acid
v
O

o
& o
o G

o
£

Selected formulations

Figure 2: Comparative Total polyherbal extract
content (gallic acid) of selected polyherbal gel
formulations

The total phenolic content of the selected formulations
ranged from 2.84 + 0.05 to 2.93 + 0.03 mg Gallic
acid/g gel, indicating efficient incorporation of the
polyherbal extract into the gel matrix. The minor
variation observed among formulations may be
attributed to differences in polymer composition,
which could influence the uniform distribution and
extraction efficiency of phenolic constituents during
analysis.

Among the investigated formulations, F25 exhibited
the highest total phenolic content (2.93 + 0.03 mg
Gallic acid /g gel), followed closely by F24 (2.91 +
0.04 mg Gallic acid /g gel). Formulation F9 showed
the lowest phenolic content (2.84 + 0.05 mg Gallic
acid /g gel), although the difference among
formulations was relatively small.

Considering that the polyherbal extract contained
59.67 mg Gallic acid /g extract and was incorporated
at 5% w/w, the theoretical phenolic content of the gel
was approximately 2.98 mg Gallic acid /g gel. The
experimentally determined values corresponded to
recovery values ranging from 95.2% to 98.2%,
indicating minimal loss of phenolic constituents
during formulation. The high recovery observed in
formulations F24 and F25 suggests better
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compatibility of the combined Carbopol-HPMC
polymer system with the incorporated polyherbal
extract, resulting in more uniform distribution of
phenolic constituents within the gel matrix.

Based on these findings, formulations F24 and F25
demonstrated superior extract incorporation efficiency
and were considered suitable candidates for
subsequent antimicrobial activity, in vitro drug
release, and stability studies.

3.2.5 In Vitro Release Study

The in vitro release of Gallic acid (phenolic
constituents) from the selected polyherbal gel
formulations was evaluated using Franz diffusion cells
containing phosphate buffer (pH 7.4) as the receptor
medium. The released phenolic constituents were
quantified  spectrophotometrically  using  the
previously established gallic acid calibration curve and
expressed as cumulative percentage release.

Table 3.9: Cumulative percentage release of
phenolic constituents from selected polyherbal gel
formulations

Time | 1o FI18 | F24 | F25 | F27
(h)
05 | 1048 [ 0826 |17.42 | 18.84 | 1696
: +0.42 | 036 | £0.28 | +0.31 | £0.35
| 31.64 | 39.83 | 35.76 | 43.92 | 40.34
+0.55 | £0.48 | £0.44 | £0.39 | +£0.47
5 44.82 | 52.54 | 59.96 | 63.84 | 58.42
+0.71 | £0.66 | £0.58 | +0.56 | £0.63
; 61.75 | 68.38 | 75.12 | 81.21 | 74.78
+0.84 | £0.78 | £0.69 | +0.65 | £0.74
A 75.84 | 7826 | 88.74 | 88.28 | 84.92
+0.92 | £0.86 | £0.83 | +0.79 | £0.81
‘ 80.46 | 83.38 | 89.26 | 91.64 | 86.54
+1.08 | £1.02 | £0.95 | £0.91 | +0.98
g 81.28 | 84.42 | 90.86 | 93.72 | 87.64
+1.16 | £1.08 | £1.14 | £1.06 | £1.10

Values are expressed as Mean = SD (n = 3).

Comperative in-vitro cumulative release profile of selected

100 polyherbal gel formulations

90
80
70
60
50

40

% cumalative release

30

20
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Figure 3: In vitro cumulative release profile of
selected polyherbal gel formulations
The selected formulations exhibited a gradual and
sustained release of phenolic constituents throughout
the study period. All formulations demonstrated an
initial release during the first hour, followed by a
comparatively slower release pattern, indicating
diffusion of phenolic constituents through the hydrated
polymeric network.
Among the investigated formulations, F25 exhibited
the highest cumulative release (93.72 + 1.06%) after 8
h, followed by F24 (90.86 + 1.14%). Formulations
F27, F18, and F9 demonstrated cumulative releases of
87.64 £ 1.10%, 84.42 + 1.08%, and 81.28 + 1.16%,
respectively.
The comparatively higher release observed from
formulations F24 and F25 may be attributed to the
balanced combination of Carbopol 940 and HPMC
K100M, which produced an optimum gel network that
facilitated controlled  diffusion of phenolic
constituents without compromising gel integrity. In
contrast, single-polymer formulations showed
comparatively slower release due to either lower
hydration capacity or increased diffusional resistance.
Considering that the incorporated polyherbal extract
contained 59.67 mg gallic acid /g extract and was
incorporated at 5% w/w, the theoretical phenolic
content of the gel was approximately 2.98 mg gallic
acid /g gel. The cumulative release profiles indicate
that approximately 2.43,2.52,2.71, 2.79, and 2.61 mg
gallic acid /g gel were released from formulations F9,
F18, F24, F25, and F27, respectively, after 8 h,
corresponding to the cumulative percentage release
values reported above.
The release profiles suggested that formulation F25
provided the most efficient and sustained release of
phenolic constituents while maintaining satisfactory
physicochemical characteristics. Therefore,
formulation F25 was selected as the optimized
polyherbal gel formulation for subsequent stability
studies.
3.2.5 Swelling Index
The swelling index of the selected polyherbal gel
formulations was determined to evaluate the water
uptake capacity of the polymeric network. Swelling
behaviour is an important parameter influencing
bioadhesion, drug  diffusion, and release
characteristics of topical gel formulations.
Table 3.10: Swelling index of selected polyherbal
el formulations

(Th‘)me F9 FI18 |F24 |F25 | F27
| 3048 | 24.86 i1'34 i9'92 22.58
£104 [ £0.92 | Jo [ g6 | £084
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b IR P
) ) 1.12 | 1.08 i

ClER D | |08
) ) 141 | 1.36 )

o, s
) i 1.68 | 1.62 i

Values are expressed as Mean = SD (n = 3).
The swelling index of the selected formulations
increased progressively with immersion time,
indicating gradual hydration of the polymeric network.
The swelling behaviour differed among the
formulations depending on the type and proportion of
polymers employed.
Among the evaluated formulations, F9 exhibited the
highest swelling index (112.48 + 2.26%) after 6 h,
followed by F18 (95.34 + 1.92%). The greater swelling
observed in these single-polymer formulations may be
attributed to the higher water uptake capacity of
Carbopol 940 and HPMC K100M individually. In
contrast, the combination polymer formulations (F24,
F25, and F27) demonstrated comparatively lower but
more controlled swelling behaviour. Formulation F25
exhibited the lowest swelling index (81.74 + 1.62%),
whereas F24 and F27 showed swelling indices of
84.62 + 1.68% and 87.28 + 1.75%, respectively.
Controlled swelling is advantageous for topical gel
formulations because excessive hydration may
weaken the polymeric matrix, accelerate gel erosion,
and produce rapid drug release. The balanced swelling
behaviour observed in formulations F24 and F25
indicates the formation of a stable interpenetrating
polymer network between Carbopol 940 and HPMC
K100M, which effectively regulated water uptake
while maintaining gel integrity.
The swelling study correlated well with the previous
physicochemical and performance evaluations.
Formulations F24 and F25 demonstrated superior
bioadhesive strength, higher phenolic content, and
sustained in vitro release despite exhibiting lower
swelling indices than the single-polymer formulations.
This finding suggests that moderate and controlled
swelling rather than maximum swelling is desirable
for achieving prolonged residence time and controlled
release of the incorporated polyherbal extract.
Considering the overall results, formulation F25
exhibited the most favourable swelling characteristics,
supporting its selection as the optimized polyherbal
gel formulation.
3.2.7 Gel Erosion Study
The erosion behaviour of the selected polyherbal gel
formulations was evaluated to assess the stability of
the polymeric matrix under simulated physiological
conditions. Gel erosion influences the residence time
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of topical formulations and plays an important role in

regulating the release of  incorporated

phytoconstituents.

Table 3.11: Gel erosion profile of selected
olyherbal gel formulations

(Thi)me F9 FI8 |F24 |F25 |F27

I oo R H o e e
) 0.38 ) ) )

AR R
) 0.66 ) ) )

o s, | |5
) 0.84 ) ’ ’

] 41.86 i5'48 28.92 | 26.74 31.24

+1.14 102 +0.88 | £0.82 | £0.95

Values are expressed as Mean + SD (n = 3).

The gel erosion study demonstrated a gradual increase
in erosion with increasing immersion time for all
formulations. The extent of erosion depended on the
composition and concentration of the polymers
employed in the gel matrix.

Among the sclected formulations, F9 exhibited the
highest erosion (41.86 + 1.14%) after 8 h, followed by
F18 (35.48 + 1.02%). The higher erosion observed in
these single-polymer formulations may be attributed to
greater water uptake and progressive weakening of the
hydrated polymer network during prolonged
immersion.

In contrast, the combination polymer formulations
exhibited comparatively lower erosion throughout the
study period. Formulation F25 demonstrated the
lowest erosion (26.74 + 0.82%), followed by F24
(28.92 + 0.88%) and F27 (31.24 + 0.95%). The
reduced erosion may be attributed to the formation of
a more compact and stable polymeric network through
the combined action of Carbopol 940 and HPMC
K100M, which enhanced structural integrity and
reduced polymer dissolution.

The erosion profile correlated well with the swelling
index, bioadhesive strength, and in vitro release
studies. Formulations F24 and F25 exhibited
controlled swelling, higher bioadhesive strength, and
lower erosion while maintaining sustained release of
phenolic constituents. Conversely, formulation F9
showed the highest swelling and erosion, indicating
comparatively rapid hydration and gradual loss of
matrix integrity.

The controlled erosion observed in formulation F25
contributed to prolonged retention of the gel matrix
and sustained diffusion of the incorporated polyherbal
extract. These findings further support the suitability
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of the Carbopol-HPMC combination system for
topical delivery of the polyherbal extract.

Based on the overall evaluation, formulation F25
demonstrated  the most  desirable  erosion
characteristics and was therefore considered the
optimized formulation for subsequent stability studies.
3.2.8 Stability Study

The optimized formulation (F25) was subjected to
accelerated stability testing to evaluate its
physicochemical stability and performance during
storage. The formulation was periodically examined
over a period of three months under accelerated
storage conditions.

Table 3.12: Physical appearance of optimized
formulation (F25) during accelerated stability

study
Stor Phase
age Colou Homoge
. Odour . separa
perio | r neity .
tion
d
.\ Brown
Initia ish Character Homogen Absent
1 istic eous
green
! Brown Character | Homogen
mont | ish aracte OMOEEN | Absent
1stic eous
h green
2 Brown
mont | ish Character Homogen Absent
1stic eous
hs green
Slightl
3 y dark
mont | brown Character Homogen Absent
. 1stic eous
hs ish
green

Table 3.13: Physicochemical evaluation of
optimized formulation (F25) during accelerated
stability study

Initia 1 2 3
Parameter ! Mont | Month | Month
h S S
H 638+ | 636|634 £ 631 =
P 003 |004 [003 005
Viscosity 29,48 1 29,21 28,960 | 28,640
0 +10 +
(cps) 193 201 +214 | £226

Spreadabilit | 8.12+ | 8.08 | 8.02 + | 7.96 +
y(grem/s) | 0.15 |014 |0.16 |0.18

Extract

content (mg | 2.93+ [ 291 £ | 2.89 +| 2.86 +
Gallic 0.03 0.04 0.04 0.05
acid/g gel)

Values are expressed as Mean = SD (n = 3).
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Table 3.14: In vitro release of phenolic constituents
(Gallic acid) from optimized formulation (F25)
during stability study

Time (h) Initial 3 Months

0.5 18.84 +0.31 1541 +0.34
1 43.92 +0.39 48.18 £0.43
2 63.84 +£0.56 69.76 + 0.62
3 81.21 £0.65 75.08 +£0.74
4 88.28 +0.79 83.92 +0.89
6 91.64 +0.91 89.84 +1.02
8 93.72 £1.06 90.86 = 1.18

Values are expressed as Mean = SD (n = 3).

Stability study (In-vitro release of phenolic content) after 3

months
100

90
80
70
60
50
40 —A—Initial —e—3 Months
30
20
10

% Cumulative release

0 2 4 6 8 10
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Figure 4. Comparative in vitro release profile of
F25 formulation before and after accelerated
stability study.

Overall, the optimized polyherbal gel formulation
(F25) exhibited satisfactory physicochemical stability,
maintained its extract content and functional
performance, and showed only minor changes during
accelerated storage. These findings indicate that the
formulation possesses acceptable stability under
accelerated conditions and is suitable for further
development as a topical polyherbal antimicrobial gel.
4. Conclusion: The present investigation successfully
developed and optimized a topical polyherbal gel
containing hydroalcoholic extracts of Cressa cretica
L., Fagonia indica Burm.f., and Plantago major L.
using Carbopol 940 and HPMC K100M as gelling
agents. Thirty formulations were prepared and
systematically evaluated to identify an optimized
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formulation possessing desirable physicochemical
characteristics and pharmaceutical performance.

The results demonstrated that polymer composition
exerted a significant influence on viscosity,
spreadability, bioadhesion, swelling behaviour, gel
erosion, extract incorporation, and release
characteristics. Although formulations prepared with
individual polymers exhibited acceptable
pharmaceutical properties, combination polymer
formulations consistently showed superior rheological
behaviour and better overall performance. The
synergistic interaction between Carbopol 940 and
HPMC K100M produced a stable polymeric network
that effectively balanced viscosity, spreadability,
hydration, and controlled diffusion of the incorporated
phytoconstituents.

Among the thirty formulations investigated,
formulation F25 demonstrated the most favourable
characteristics. It exhibited excellent homogeneity,
acceptable skin-compatible pH, optimum viscosity,
satisfactory spreadability and extrudability, high
phenolic recovery, superior bioadhesive strength,
controlled swelling behaviour, minimal gel erosion,
sustained in vitro release of phenolic constituents, and
satisfactory stability under accelerated storage
conditions. These findings indicate that the optimized
formulation maintained both its physicochemical
integrity and functional performance throughout the
study period.

The formulation strategy adopted in this study
provides a reproducible approach for the development
of stable topical polyherbal dosage forms. The
optimized Carbopol-HPMC gel system appears
suitable for the efficient incorporation and controlled
delivery of phytoconstituents from Cressa cretica,
Fagonia indica, and Plantago major. The formulation
therefore represents a promising platform for the
development of topical herbal products intended for
localized skin applications.

Future investigations should focus on long-term
stability studies, pharmacokinetic evaluation, skin
permeation studies, dermatological safety assessment,
and controlled clinical investigations to further
establish the therapeutic potential and commercial
applicability of the optimized polyherbal gel.
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