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ABSTRACT

Curcumin, a natural polyphenolic compound derived from Curcuma longa, possesses well-documented
anti-inflammatory, antioxidant, antimicrobial, and wound healing properties. However, its clinical
utility 1s significantly limited by poor water solubility, low chemical stability, and minimal
bioavailability. To address these challenges, this study explores the formulation of a curcumin-loaded
hydrogel for effective topical delivery. The aim of this research was to develop and evaluate a
hydrogel-based delivery system capable of enhancing the solubility, stability, and localized skin
delivery of curcumin for potential therapeutic use in inflammatory and infectious skin conditions. A
hydrogel formulation containing 0.75, 1.0 and 1.25% carbopol 940 was prepared using Carbopol 940,
incorporating curcumin. The formulation was characterized for its physicochemical properties,
including pH, viscosity, spreadability, extrudability and drug content. In vitro drug release and skin
permeation studies were conducted using Franz diffusion cells. The optimized curcumin hydrogel
demonstrated favorable physicochemical properties, sustained drug release over 8 h, and enhanced skin
permeation compared to curcumin suspension. The developed curcumin-loaded hydrogel offers a
promising platform for topical delivery, overcoming the inherent limitations of curcumin and providing
controlled release and targeted action. This formulation may serve as an effective therapeutic strategy
for treating skin disorders.
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INTRODUCTION

Curcumin, the principal bioactive compound derived from the rhizome of Curcuma longa, has been
extensively studied for its diverse pharmacological properties, including anti-inflammatory,
antioxidant, antimicrobial, and anticancer effects. Despite its broad therapeutic potential, the clinical
application of curcumin remains limited due to its poor aqueous solubility, low chemical stability, and

rapid metabolic degradation, resulting in minimal systemic bioavailability!-.
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Topical drug delivery offers a promising alternative to oral administration, particularly for the
management of localized skin disorders. However, delivering lipophilic compounds like curcumin
through the skin barrier presents significant formulation challenges. To overcome these limitations,
hydrogels have emerged as a versatile platform for topical drug delivery. Hydrogels are three-
dimensional, hydrophilic polymeric networks capable of absorbing substantial amounts of water or
biological fluids without dissolving. Their high biocompatibility, non-greasy texture, ease of
application, and ability to provide a moist wound environment make them particularly suitable for

dermatological use*>.

Incorporating curcumin into a hydrogel matrix not only enhances its solubility and stability but also
facilitates controlled and sustained drug release at the site of action. This can significantly improve
therapeutic efficacy while minimizing systemic exposure and side effects. Recent advances in hydrogel
technology—such as bioadhesive, stimuli-responsive, and nanostructured hydrogels—further enhance

their potential for effective dermal delivery of curcumin®.

This research aims to develop and characterize a curcumin-loaded hydrogel formulation intended for
topical application in the treatment of inflammatory and infectious skin conditions. The study focuses
on evaluating the physicochemical properties, in vitro drug release profile, skin permeation, and
biological efficacy of the formulation, offering a potential strategy to maximize the therapeutic benefits

of curcumin through a novel delivery system.

MATERIALS AND METHODS

Materials

Curcumin (>94% pure) was purchased from Sigma-Aldrich, USA, while Carbopol 940 and
Triethanolamine (TEA) were obtained from Himedia; ethanol (analytical grade), from [Supplier
Name]. Glycerin, distilled water, and phosphate-buffered saline (PBS, pH 7.4) as well as the dialysis
membrane (MWCO 12-14 kDa), were all sourced from SD Fine.

Methods

Preformulation studies

Organoleptic properties

Organoleptic features of drug Curcumin were differentiated according to their odor, color, and

description®.
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Determination of melting point

Melting point equipment was used to measure the melting point of Curcumin. A little quantity of
medication was inserted in a capillary tube, sealed on one end, and then placed in a melting point

device, and the melting point temperature was recorded’.

Analytical method validation
Preparation of stock solution
A precise amount of 100 mg of curcumin was accurately weighed and transferred into a 100 mL
volumetric flask. Methanol was added up to the mark to prepare a stock solution with a concentration
of 1 pg/mL. From this stock, aliquots of 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, and 0.7 mL were withdrawn and
each was diluted to 10 mL with methanol to obtain standard solutions with final concentrations of 0.01,

0.02, 0.03, 0.04, 0.05, 0.06, and 0.07 pg/mL, respectively!®'2.
Preparation of standard dilutions

An accurately weighed 1 mg of curcumin was transferred into a 100 mL volumetric flask, and
methanol was added up to the calibration mark to prepare the solution. The resulting solution was then

used for further analysis'®-!2,

Determination of absorption maxima (X max)

For determination of A max 0.5 pg/ml solution of curcumin was scanned in the 800-200 nm
wavelength range using methanol as a blank in a UV spectrophotometer. The wavelength of 424 nm

was found to correlate to curcumin's maximum absorbance in methanol'%-'2,

Preparation of standard calibration curve of curcumin by UV visible Spectroscopy

The standard calibration curve of curcumin was obtained by measuring the absorbance of curcumin
solution in concentration range (0.01-0.07pug/mL) prepared from stock solutions in methanol at 424 nm
in triplicate. Calibration curve of curcumin was then plotted with absorbance on y-axis and curcumin
concentration on x-axis'*!2,

Solubility and partition coefficient analysis

A little amount of the sample was weighed out and put in a test tube, and then a known volume of the

solvent was added to the tube to determine the sample's solubility. After each addition, the system is

shaken violently and checked visually for any particles of undissolved solute'®.
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Drug excipients interaction study by FTIR

an accurately weighed 10 mg of KBr was added with the medication and excipients and mashed them
up in a mortar to see if the drug and polymer used to form the hydrogel would be compatible. An FTIR
Spectrophotometer was used to measure a small sample of the triturated material that was placed on the
sample holder and measured between 4000 and 400 cm-1. By comparing the spectra to the peaks found
in the FTIR analysis of the pure drug sample, interactions between the drug and the excipient was

examined"’.
Preparation of hydrogels

The hydrogel uses Carbopol 940 as cross-linker & gelling agent was prepared using chemical cross-
linking method. Dissolve 0.5 g of curcumin powder in 5 mL of ethanol to make a concentrated
solution. Dissolve 5 g of Carbopol 940 in 100 mL of distilled water while stirring. The curcumin
solution was mixed with Carbopol 940 solution thoroughly. 0.1 mL of triethanolamine was added drop
wise into the mixture with continuous stirring to crosslink the polymer chains and forms a hydrogel.
The hydrogel was washed several times with distilled water to remove any residual crosslinking agent.
Air drying of the hydrogel in a sterile environment was done. The different formulation was prepared

using different concentration of curcumin drug'>.

Evaluation parameters of test drug.
Physical appearance

The color of the formulations was checked against black and white background. The odor of the
hydrogels was checked by mixing a little amount of gel in water and by taking smell of it. Consistency
of the formulations was checked by applying the hydrogel on to the skin. All the formulations was
tested for occurrence of any aggregate by visual inspection after the gels have been set in the

container. Greasiness was checked by applying the formulations on to the skin'®.
pH determination-

pH of the formulations was determined by using digital pH meter. The formulation was taken into the
beaker, then pH meter is immersed into the formulation and reading were recorded. Same process was
repeated three times with the same formulations and average of three was taken as pH. Similar

procedure was used for the determination of pH of all formulations'”.
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Viscosity and rheological behavior

Brookfield viscometer was used to determine the viscosity of gel formulations at 50rpm for 3 minutes

with spindle 6 and results were noted in mPaS'®,

Spreadability

Spreadability was determined by apparatus suggested by Mutimer et al. 1956 with slight modification,
which is suitably modified in the laboratory and used for the study. It consists of a wooden block,
which is provided by a pulley at one end. By this method, spreadability is measured on the basis of
‘Slip” and ‘Drag’ characteristics of gels. A ground glass slide is fixed on this block. An excess of Gel
(about 2 gm) under study is placed on this ground slide. The Hydrogel was sandwiched between this
slide and another glass slide having the dimension of fixed ground slide and provided with the hook. A
1 Kg weight was placed on the top of the two slides for 5 minutes to expel air and to provide a uniform
film of the Gel between the slides. Excess of the Gel was scrapped off from the edges. The top plate
was subjected to pull of 80 gm. With the help of string attached to the hook and the time (in seconds)
required by the top slide to cover a distance of 7.5 cm be noted. A shorter interval indicates better
spreadability. Spreadability was calculated by using the formula'®.
S=M.L/T

Where, S = spreadability, M = Weight tied to upper slide, L = Length of glass slides, T = Time taken to

separate the slides completely from each other.

Extrudability

Accurately weighed quantity (20 g) of the hydrogel packed in a closed collapsible tube and pressed at
the crimped end firmly using a clamp in order to prevent roll back. The cap was opened and the release
of the hydrogel was allowed for extrudability. The extruded gel was collected and analyzed for its

weight. The extrudability in % was calculated?’.
Drug content

0.1 ml of formulation was dissolved in 10 ml of ethanol completely to obtain the stock solution. 1ml
from the stock solution is further diluted with ethanol up to 10ml and absorbance was measured

spectrophotometrically at 424 nm. Drug content was then calculated®'.
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In vitro Drug release study

In vitro release study of formulated hydrogel was carried out using Franz Diffusion cell with effective
diffusional surface area of 1.71 cm? and a receptor cell volume of 25 ml. The receptor compartment
was filled with dissolution medium consisting of phosphate buffer pH 5.5 and 1.5% polysorbate 80,
and temperature was maintained at 32 °C (in-simulation to skin pH and temperature). The cellulose
acetate membrane (Sigma Aldrich, Germany) with a pore size of 0.45 um will be fixed between the
donor and receptor compartment. The donor compartment was charged with Img of hydrogel. 2 mL
volume of sample was collected from the receptor compartment at predetermined time intervals, i.e., 0,
0.5,1,2,4,8, 12, 16, 20 and 24 h. The amount of Curcumin in the samples was analyzed using a UV—
Visible spectrophotometer UV 1800, Shimadzu at a wavelength of 424 nm. The experiment was

performed in duplets and the results were averaged®.

Stability study testing:

The International Conference on Harmonisation has established specific requirements and protocols for
conducting short-term studies. The accelerated stability testing study for the topical hydrogel
formulations was done for duration of 3 months as per ICH guidelines. Accurately weighed quantities
of 5.0 g of the 1% curcumin topical hydrogel formulations were packed in an amber colored bottle. The
bottles were charged in humidity cum stability chamber (3 in one units in one with individual humidity
and temperature controller, Technico, India) at 40+2 °C and 75+5% RH. Sampling was done at 0, 15,
30 and 90 days interval and tested for appearance, spreadability, drug assay?’.

RESULTS AND DISCUSSION
Preformulation studies
Analytical method validation

With the use of a UV-Visible Spectrophotometer, the wavelength of maximum absorbance, or Amax,
for drug curcumin in methanol was identified. A prepared solution that had a concentration of 10
pg/mL was scanned between 200 - 400 nm. The 424 nm maximum was noted (Figure 1). For
subsequent investigation of absorption for concentrations ranging from 0.01 to 0.07 pug/mL (Table 1),
observed absorption maxima, or max 424 nm, were employed. The concentration range for the linear
plot was 0.02 to 0.07 ug/mL, and the correlation coefficient (r2) value was shown to be 0.9978 (Figure
2).
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Figure 1: Absorbance of curcumin at 425 nm
Table 1: Absorbance of Curcumin at different concentrations
Sr.no Concentration (ng/ml) Absorbance

1. 0 0

2. 0.01 0.1

3. 0.02 0.214

4. 0.03 0.323

5. 0.04 0.428

6. 0.05 0.522

7. 0.06 0.61

8. 0.07 0.692

9. 0.08 0.785
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Figure 2: Calibration curve of Herbal drug Curcumin
Melting point, solubility and partition coefficient

The melting point of the sample was determined using the capillary method and found to be 177 °C
(Table 2), which is consistent with the reported melting point range of curcumin, indicating purity and
crystalline nature of the compound. Curcumin exhibited poor solubility in aqueous media, consistent
with its hydrophobic nature. The partition coefficient (log P) of curcumin was determined using the
shake-flask method between n-octanol and water and was found 2.95 (Table 2). This value indicates
that curcumin is lipophilic, favoring partitioning into lipophilic (oil-based) phases, which affects its

absorption and bioavailability.

Table 2: Observation table for melting point determination of phytochemicals

Melting Reported

1\%} Phytochemical Point 33?:3;;? lfvill;o(l;tg;l (pg‘IEL) value P avg. Ri};(l)zteed
) O (ng/mL)
1 Curcumin 177 +0.94 170-180%'  0.218+0.006 <0.6%? 2.95+0.15 3.25%

Drug-excipient interaction study

Key peaks expected for curcumin near ~3500-3200 cm™ for broad peak due to —OH stretching
(phenolic hydroxyl groups); ~1625-1600 cm™': C=C and C=0 stretching from the conjugated diketone
and aromatic system; ~1500-1420 cm™: Aromatic C—C stretching; ~1275-1200 cm™: C-O stretching
(phenolic and methoxy groups); ~1020—1000 cm™': =C—H bending and C—O—C symmetric stretching.
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Whereas, for Carbopol (a crosslinked polyacrylic acid) shows peak near ~3400-3200 cm™': Broad O—-H
stretching (from carboxylic acid groups); ~1700—1725 cm™: Sharp peak due to C=O stretching of —
COOH; ~1450-1400 cm™: C—H bending; ~1250-1150 cm™: C-O stretching (Figure 3a & 3b).

When curcumin is mixed with Carbopol it shift in O—H stretching region (~3200-3500 cm™): A shift to
lower wavenumbers or broadening may indicate hydrogen bonding between the hydroxyl groups of
curcumin and the carboxylic groups of Carbopol. Reduction or broadening of C=0 peak (~1700 cm™):
Suggests interaction between curcumin’s keto groups and Carbopol’s carboxyl groups. Decrease in the
intensity of curcumin’s aromatic C=C or C=0 peaks may indicate molecular dispersion or
complexation within the polymer matrix (Figure 3c). No new peaks appear and only shifts or intensity
changes were observed, it suggested physical interaction (e.g., hydrogen bonding or dispersion), not
covalent bond formation. The FTIR spectrum of the curcumin-Carbopol mixture likely indicates
hydrogen bonding interactions between the hydroxyl/keto groups of curcumin and the carboxylic acid
groups of Carbopol. This can improve curcumin’s stability and dispersibility within the polymer

matrix, which is important for drug delivery applications.
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Figure 3: FTIR spectrum of a. curcumin, b. carbopol 940 and c. physical mixture of curcumin

and carbopol 940
Preparation and optimization of topical hydrogel

Table 3 shows the results of various physicochemical properties of the blank polymeric hydrogels made
with different concentrations (0.25%-2.0%) of polymers. Among all tested polymer proportions, 0.75,
1.0, and 1.25% w/w of Carbopol 940, were determined as the optimized amounts for preparing blank

polymeric hydrogel, as it demonstrated improved physicochemical properties.

Formulation of hydrogels loaded with curcumin was executed with the optimized concentrations of
polymers as found during the formulation optimization. Methanol was used to dissolve the
phytochemicals before adding to final formulation. Triethanolamine was used as a neutralizing agent
for the hydrogel made with carbopol 940, while methyl and propyl paraben were utilized as
preservatives. Propylene glycol was used to enhance solvent property for hydrogels prepared with

carbopol 940 (Table 4)

Table 3: Optimization of polymeric concentration for blank hydrogel.

S Con Viscosi Spreada
* cent e . Homoge Gritti Appearanc pH ty p- .
No . Sensitivity . o bility

ratio neity ness e +SD  (%torq +SD
n ue)
Less
. opaque, 8.3 7.2+
1 025 nonirritant present absent translucent, 0,12 61.6 0.5
viscous gel
Less
2 0.5  nonirritant Present absent opaque, 6.04+ 30.3 12.3+
0.03 0.1
translucent,
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viscous gel

Colorless,
3 0.75 nonirritant Present absent translucent, gﬁ 42.8 lggi
viscous gel ' '
Colorless,
4 1.0 nonirritant Present absent translucent, 6.31+ 47.0 9. 1%
. 0.58 0.6
viscous gel
Colorless,
5 1.25 nonirritant Present absent translucent, 315+ 51.0 6.0+
. 0.04 0.05
viscous gel
Colorless,
. clear 6.19+ 6.8+
6 150 nonirritant Present absent translucent,  0.04 70.8 0.8
viscous gel
Colorless,
. clear 452+ 7.6+
7 1.75 nonirritant Present absent translucent,  0.03 58.8 0.25
viscous gel
Colorless,
.. clear 5.02+ 8.3+
8 2.0 nonirritant present absent translucent,  0.02 64.10 0.236
viscous gel
Table 4: Formula for preparation of topical hydrogel.
S.No Ingredient THGL1 THGL2 THGL3
1 Curcumin 10mg 10mg 10mg
2 Carbopol 940 750mg 1000mg 1250mg
3 Triethanolamine q.s q.s q.s
4 Methyl paraben 0.1 0.1 0.1
5 Propyl paraben 0.02 0.02 0.02
6 Ethanol S5ml S5ml S5ml
7 Purified water 100gm 100gm 100gm
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Table 5: pH determination

Formulati Appearan Sensitivi

Homogenei Grittine pH

Viscosi Spreadability(c Extrudabil

on code ce ty ty s ty m) ity
(mPaS)
THGL1 colorless, non present Absent  6.21+0 34240  8.8+0.4 72.25+1.5
less irritating 5
translucent
THGL2 colorless  non present absent 6.67£0 37600  6.2+0.6 65.45+0.75
irritating .5
THGL3 colorless  non present absent 5.19+0 40800  6.8+0.5 62.214+0.52
irritating .5

Rheological study

The hydrogel exhibited non-Newtonian, pseudoplastic (shear-thinning) behavior, as evidenced by a

decrease in viscosity with increasing shear rate (Figure 4). This behavior is typical of Carbopol-based

hydrogels and is desirable for topical formulations, as it allows easy spreading under applied force

while maintaining structure at rest.
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Figure 4: Rheological curves for the topical hydrogel formulation a. THGL1, b. THGL2 and c.
THGL3

In—vitro drug release study:

The cumulative amount of curcumin permeated through the dialysis membrane over 8 hours was
measured and plotted as a function of time (Figure 5). The curcumin-loaded hydrogel demonstrated a
sustained and efficient permeation profile across the membrane, with release governed primarily by

diffusion-controlled mechanisms. These results support its potential for topical therapeutic applications.
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Figure 5: In-vitro drug release profile for the formulations THGL1 (0.75% carbopol), THGL2 (1.0%

carbopol) and THGL3 (1.25% carbopol)
Stability study

The topical hydrogel formulation remained physically and chemically stable over 3 months at
refrigerated and room temperature conditions, with minor changes in pH, viscosity, and drug content
(Table 6). However, accelerated conditions (40 °C) led to noticeable degradation, suggesting that cool

storage is optimal for maintaining formulation stability.

Table 6: Study of accelerated stability testing of THGL 2

Time . s pH Viscosity Spreadability Assay
(Days) Appearance Homogeneity Grittiness (£SD) (mPaS) (2SD) (+SD) (+SD)
0 Translucent Present Absent  6.82+0.05  31423+114.90 17512030  99.13+0.33
viscous gel
10  Iranslucent Present Absent  6.84+0.07 31696+383.14 17.36£0.49  97.29+0.34
viscous gel
15  Iranslucent Present Absent  6.75+0.03 31667.67+222.82  16.88£0.57  95.33+0.74
viscous gel
39  Iranslucent Present Absent  6.89+0.03  31803+168.25 16.20£0.57  93.32+0.63
viscous gel
g9  Lranslucent Present Absent  6.94+0.05 31670+111.86  15.83+0.58  91.32+0.49

viscous gel
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CONCLUSION

The present study successfully formulated and evaluated a topical hydrogel containing curcumin using
Carbopol 940 as the gelling agent. The hydrogel exhibited desirable physicochemical properties,
including suitable pH, homogeneity, spreadability, and viscosity, making it appropriate for topical
application. In vitro drug release and permeation studies demonstrated a sustained release profile and
efficient skin permeation, indicating potential for prolonged therapeutic action. The rheological
analysis confirmed non-Newtonian, pseudoplastic behavior, which is favorable for ease of application
and retention on the skin. Furthermore, the stability study over a period of three months confirmed that
the formulation remained physically and chemically stable under refrigerated and room temperature
conditions, with only minor changes observed under accelerated conditions. The formulated hydrogel
shows promise as a stable, effective, and patient-friendly delivery system for curcumin in topical
therapeutic applications, warranting further in vivo and clinical evaluations.
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