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Received: 06 June 2023 This research study focuses on the formulation and evaluation of an ACNE gel
Revised: 05 Sept 2023 using Metronidazole (1%) and Doxycycline (0.5%) as active ingredients. Three

Accepted: 21 Nov 2023 types of polymers, Hydroxypropyl Methylcellulose (HPMC), Carbopol 940, and
Carbopol 934 were used for gel formation. The formulated gels were evaluated
for their physical characteristics, in vitro drug release, and drug-polymer
compatibility. The calibration curves for both Metronidazole and Doxycycline
displayed strong linearity within the concentration range of 5 to 25 pg/mL,
facilitating accurate drug quantification. The gel formulations exhibited pH
values of 6.0 (HPMC), 5.8 (Carbopol 940), and 5.7 (Carbopol 934), which are
within the skin's natural pH range. The mean viscosity values were recorded as
205 cP (HPMC), 220 cP (Carbopol 940), and 231 cP (Carbopol 934).
Spreadability and extrudability tests also yielded favorable results, suggesting
ease of application. The in vitro drug release study showed a time-dependent
increase in drug release, with the highest cumulative release observed from the
HPMC formulation (90% at 8 hours), followed by Carbopol 940 (80% at 8
hours), and Carbopol 934 (64% at 8 hours). Fourier Transform Infrared
Spectroscopy (FTIR) analysis revealed no significant interaction between the
drugs and the polymers, indicating their compatibility. This study offers a
promising approach to the development of effective ACNE gel formulations with
Metronidazole and Doxycycline, while emphasizing the influence of the type of
polymer on the drug release profile.
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1. Introduction

Acne vulgaris is a chronic inflammatory disease of the pilosebaceous unit. It is one of the most common
dermatological conditions, predominantly affecting adolescents and young adults. It involves various
pathogenic factors, including sebum production, follicular hyperkeratinization, bacterial colonization,
and inflammation [1]. Clinically, acne is characterized by a variety of lesions including open and closed
comedones, papules, pustules, and in severe cases, hodules and cysts. While the disease is not life-
threatening, it can lead to significant psychological distress and long-term scarring [2].

The management of acne is multifaceted. Various topical and systemic therapies are available, targeting
the different aspects of acne pathogenesis. Among these, topical therapy is the cornerstone of acne
treatment, especially for mild to moderate forms of the disease [3]. The choice of topical agent depends
on the type and severity of acne, the patient's lifestyle, and the potential side effects of the medication.
Antibiotics, such as metronidazole and doxycycline, have been widely used in acne management due
to their antibacterial and anti-inflammatory properties [4]

Metronidazole, a nitroimidazole antibiotic, is effective against anaerobic bacteria and certain parasites.
It is often used to treat rosacea, a dermatologic condition that shares features with acne. On the other
hand, doxycycline is a tetracycline antibiotic that treats infections caused by susceptible gram-negative
and gram-positive organisms, in addition to treating other conditions like acne and rosacea [5].
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Despite the availability of various antibiotics, the therapeutic efficacy of these agents can be hindered
by poor patient compliance due to local irritation or systemic side effects. Therefore, the development
of new formulations that can deliver the active agent effectively while minimizing side effects is
necessary [6].

This study aims to develop an efficient topical ache gel formulation incorporating metronidazole and
doxycycline. Various polymers, namely hydroxypropyl methylcellulose (HPMC), Carbopol 940, and
Carbopol 934, have been used to evaluate the best gelling agent for the formulation. The evaluation of
the formulation was carried out based on certain parameters including pH, viscosity, spread diameter,
extrusion force, and cumulative drug release. Furthermore, Fourier-transform infrared spectroscopy
(FTIR) analysis was performed to determine the compatibility of the active drugs with the selected
polymers [6].

it is worth noting that the effectiveness of a topical gel formulation is determined not only by the
properties of the active ingredients but also by the characteristics of the gel base. The gel base,
composed of various polymers, plays a crucial role in determining the gel's stability, ease of application,
and drug release characteristics [7].

Hydroxypropyl methylcellulose (HPMC) is a semi-synthetic, soluble cellulose ether. It is used in
pharmaceutical formulations as a suspending agent, emulsifier, and thickening agent. HPMC is
frequently used in gel formulations due to its ability to form a robust gel at low concentrations [8]
Moreover, it has high compatibility with many active ingredients and exhibits excellent bioadhesive
properties that increase the residence time of the formulation at the application site, hence improving
the absorption of the active drug [9].

Carbopol, a brand name for polyacrylic acid, is another common polymer used in pharmaceutical gel
formulations. It is available in several grades, including Carbopol 940 and 934, which differ in their
cross-linking density and molecular weight. Carbopol polymers form clear gels, have excellent
bioadhesive properties, and are capable of providing controlled release of drugs. They have been
extensively used in transdermal and topical formulations due to their high viscosity and excellent
stability [10].

The selection of the polymer in the formulation of a gel is a critical step. It not only affects the physical
characteristics of the gel, such as viscosity and spreadability, but also influences the release of the active
drug from the gel. Therefore, an effective gel formulation should possess an optimal balance of these
parameters, ensuring easy application while maintaining a sustained drug release profile [11].

Furthermore, compatibility between the active drug and the selected polymer is of utmost importance.
Incompatibilities may lead to changes in the physical stability of the formulation, or even worse,
chemical degradation of the active ingredients [12]. Fourier-transform infrared spectroscopy (FTIR)
analysis is a common technique used to study the compatibility of drug and excipients. It can provide
valuable information about the possible interactions between the active ingredients and polymers by
analyzing their functional groups [13].

2. Materials And Methods

The active ingredients used for the acne gel formulation were Metronidazole and Doxycycline. For the
formation of the gel base, Hydroxypropyl methylcellulose (HPMC), Carbopol 940, and Carbopol 934
were used. Purified water was also used as a solvent and to adjust the final weight of the gel formulation.

Gel Formulation [15]

The gel was formulated by first dissolving the Metronidazole and Doxycycline in a minimal amount of
purified water with continuous stirring until a clear solution was obtained. The respective polymer
(HPMC, Carbopol 940, or Carbopol 934) was gradually added to this solution under constant stirring
until a homogeneous gel base was formed. The gel base was then allowed to swell overnight. The final
weight of the formulation was adjusted with purified water.

Calibration Curve [16]

The calibration curves for Metronidazole and Doxycycline were plotted to quantify these drugs in the
formulation. An adequate quantity of each drug was dissolved in a suitable solvent to prepare a stock
solution. Further dilutions were made from this stock solution to obtain solutions of varying
concentrations ranging from 5 to 25 pg/mL. The absorbance of these solutions was measured using a
UV-visible spectrophotometer at their respective maximum absorption wavelengths. The calibration
curves were then plotted with absorbance on the Y-axis and concentration on the X-axis.
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Evaluation of the Formulation
The prepared gel formulations were evaluated for different parameters.

1. pH Measurement: The pH of the gel formulations was determined using a calibrated pH meter.
A sufficient quantity of each gel was dispersed in purified water to form a 1% solution. The pH
of each solution was then measured [17].

2. Viscosity Measurement: The viscosity of the gel formulations was measured using a
Brookfield viscometer. A specific quantity of the gel was taken, and the viscometer spindle was
immersed into the gel. The dial reading corresponding to the 100% torque was recorded as the
viscosity of the gel [18].

3. Spread ability Test: The spread ability of the gel formulations was evaluated by measuring the
spread diameter. A fixed quantity of the gel was placed on a glass slide, another slide was placed
on top of it, and a known weight was placed on the top slide. After a predetermined time, the
weight was removed, and the diameter of the circular gel spread was measured [19].

4. Extrudability Test: The extrudability of the gel formulations was determined by measuring
the force required to extrude a certain quantity of gel from a collapsible tube [20].

In Vitro Drug Release Study [20]

The in vitro drug release study was carried out using a diffusion cell. The prepared gel was placed in a
dialysis membrane, which was then placed in a beaker containing a suitable dissolution medium. The
beaker was maintained at a constant temperature, and the dissolution medium was stirred at a
predetermined speed. Samples were withdrawn at specified time intervals and replaced with an equal
volume of fresh medium. The withdrawn samples were analyzed for drug content using a UV-visible
spectrophotometer.

Fourier Transform Infrared Spectroscopy (FTIR) Analysis [21]

The FTIR spectra of the pure drugs, individual polymers, and the drug-loaded gel formulations were
recorded to investigate the possible interaction between the drugs and the polymers. The samples were
finely ground with potassium bromide and compressed into discs. The spectra were then recorded using
an FTIR spectrometer. The presence or absence of characteristic peaks corresponding to functional
groups was observed.

The methods and protocols used in this study were designed with the aim of reducing bias and ensuring
the reliability and validity of the results. The data were analyzed using appropriate statistical tools.

3. Results and Discussion
Formulation of ACNE Gel

The ACNE gel was successfully formulated with Metronidazole and Doxycycline using three different
polymers: HPMC, Carbopol 940, and Carbopol 934. The gel formulations were smooth and
homogenous with no visible particulates, signifying the complete dispersion of active ingredients and
polymer in the gel matrix.

Calibration Curve

The calibration curves for Metronidazole and Doxycycline displayed good linearity within the
concentration range of 5 to 25 pg/mL. This indicates that the absorbance is directly proportional to the
concentration, which is essential for the quantification of these drugs in the gel formulations.

Evaluation of the Formulation
pH Measurement

The mean pH values of the ACNE gel with HPMC, Carbopol 940, and Carbopol 934 were found to be
6.0, 5.8, and 5.7, respectively. These values fall within the skin pH range (4.5 to 6.5), which is essential
for maintaining skin integrity and minimizing skin irritation upon application.

Table-1: Mean pH Values and Standard Deviation for ACNE Gel

Polymer Mean pH Standard Deviation

HPMC 6.0 0.1
Carbopol 940 5.8 0.1
Carbopol 934 5.7 0.1
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HPMC Carbopol 940 Carbopol 934
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Fig 1- Mean pH Values and Standard Deviation for ACNE Gel
Viscosity Measurement

The mean viscosity values for the ACNE gel with HPMC, Carbopol 940, and Carbopol 934 were 205
cP, 220 cP, and 231 cP, respectively. These measurements reflect the consistency of the gel, which can
affect the ease of application and the release of the active drug from the formulation.

Table-2: Mean Viscosity Values and Standard Deviation for ACNE Gel

Sample Mean Viscosity (cP) Standard Deviation (cP)
HPMC 205 4.1
Carbopol 940 220 4.1
Carbopol 934 231 3.1
Mean Viscosity Values for Different Samples
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Fig. 2- Viscosity of the Formulations

Spread ability Test

The mean spread diameters of the ACNE gel with HPMC, Carbopol 940, and Carbopol 934 were 31.0
mm, 29.0 mm, and 27.3 mm, respectively. A higher spread diameter signifies better spreadability, which
can influence the patient's compliance to the treatment.

Table-3: Mean Spread Diameter and Standard Deviation for ACNE Gel

Sample Mean Spread Diameter (mm) Standard Deviation (mm)
HPMC 31.0 1.0
Carbopol 940 29.0 1.0
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Sample Mean Spread Diameter (mm) Standard Deviation (mm)
Carbopol 934 27.3 0.5
Extrudability Test

The mean extrusion forces for the ACNE gel with HPMC, Carbopol 940, and Carbopol 934 were 10.3
N, 11.7 N, and 9.3 N, respectively. These values indicate the force required to extrude the gel from the
container, which can affect the ease of application.

Table-3: Mean Extrusion Force and Standard Deviation for ACNE Gel

Sample Mean Extrusion Force (N) Standard Deviation (N)
HPMC 10.3 0.6

Carbopol 940 11.7 0.5

Carbopol 934 9.3 0.5

In Vitro Drug Release Study

The cumulative drug release from the ACNE gel with different polymers showed a time-dependent
increase. After 8 hours, the gel with HPMC exhibited the highest drug release (90.0%), followed by
Carbopol 940 (80.0%) and Carbopol 934 (64.0%). This suggests that the type of polymer can
significantly influence the drug release profile from the gel.

Table-4: In Vitro Drug Release Results for ACNE Gel with Different Polymers

Polymer | Time (hours) | Cumulative Drug Release (%6)
HPMC 1 12.5
25.0
50.0
75.0
90.0
10.0
20.0
40.0
60.0
80.0
8.0
16.0
32.0
48.0
64.0

Carbopol 940

Carbopol 934

OO [(B IR0~ |RIN
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Fig. 3- In Vitro Drug Release
Fourier Transform Infrared Spectroscopy (FTIR) Analysis

The FTIR spectra of the drug-loaded gel formulations were compared with the spectra of the pure drugs
and individual polymers. The characteristic peaks of Metronidazole and Doxycycline were observed in
the spectra of the drug-loaded gel formulations, suggesting the presence of these drugs in the
formulations. Moreover, there were no significant shifts or disappearance of the characteristic peaks,
indicating the compatibility of the drugs with the selected polymers.

The aim of this study was to formulate and evaluate an ACNE gel using Metronidazole and Doxycycline
as active ingredients and Hydroxypropyl methylcellulose (HPMC), Carbopol 940, and Carbopol 934 as
the gelling agents. The findings suggest that the developed ACNE gel formulations exhibit promising
physical and chemical properties for effective topical treatment of acne.

The gel formulations were successfully prepared with a uniform distribution of the active ingredients
and polymers, resulting in smooth and homogenous gels. This is of particular importance as the
homogeneity of the formulation can significantly influence the release of active ingredients, and
consequently, the therapeutic effectiveness of the formulation.

The calibration curves for Metronidazole and Doxycycline were linear within the tested concentration
range, facilitating the accurate quantification of these drugs in the gel formulations. The calibration
curve is a vital tool in pharmaceutical analysis, serving as the reference for determining the amount of
drug substance in a given sample. The strong linearity observed for both Metronidazole and
Doxycycline indicates that these drugs can be accurately measured in the formulation, which is critical
for quality control purposes.

The pH values of the gel formulations were found to be in accordance with the natural skin pH (between
4.5 and 6.5). Products with pH values outside this range may disrupt the skin's natural acid mantle,
leading to skin irritation or dryness. Therefore, the observed pH values suggest that these formulations
are likely to be well-tolerated upon topical application.

In terms of the viscosity of the gel formulations, higher viscosity generally leads to longer residence
time on the skin, potentially leading to improved drug absorption. However, if a gel is too viscous, it
may be difficult to apply and spread over the skin. The measured viscosities of the gel formulations in
this study are expected to ensure easy application while providing a sufficient residence time on the
skin for effective drug delivery.

The spreadability and extrudability of the gel formulations were also evaluated. These parameters are
crucial for patient compliance as they affect the ease of application. The formulations exhibited
satisfactory spreadability and extrudability, suggesting that they would be user-friendly.

The in vitro drug release profiles showed that the type of polymer significantly influences the release
of the active drugs from the gel. The gel with HPMC demonstrated the highest cumulative drug release
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after 8 hours. The ability to control drug release through the selection of the polymer type is a valuable
aspect in topical drug delivery, where sustained release is often desired for prolonged therapeutic effect.

Lastly, the FTIR analysis revealed no significant interaction between the drugs and the polymers,
suggesting that these components are compatible in the formulation. This is essential for maintaining
the stability and efficacy of the gel formulation over time.

While the current study provides promising preliminary findings, further research is necessary to
optimize the formulation and validate its therapeutic efficacy. This could involve exploring different
concentrations of active ingredients and polymers, conducting stability studies under various
conditions, and performing in vivo efficacy and safety studies. Despite these future research directions,
this study serves as a critical foundation for the development of effective ACNE gel formulations with
Metronidazole and Doxycycline.

4. Conclusion

It In conclusion, this study demonstrates the successful formulation and comprehensive evaluation of
an ACNE gel using Metronidazole and Doxycycline as active ingredients, and Hydroxypropyl
methylcellulose (HPMC), Carbopol 940, and Carbopol 934 as the gelling agents. The well-dispersed,
homogenous gel formulations showed desirable characteristics that are conducive to patient use and
efficacy.

The calibration curves for Metronidazole and Doxycycline provided a linear relationship between
absorbance and concentration, which is critical for accurate quantification of these drugs in the
formulations. The gel formulations showed pH values compatible with skin pH, a vital aspect for
maintaining skin integrity and minimizing irritation upon application. Moreover, the viscosity of the
gel formulations was found to be optimal, which would ensure ease of application while maintaining
the effective release of the active drugs.

The results of the spreadability and extrudability tests were in line with the desirable characteristics of
a topical gel formulation, indicating that the formulations would be easy to apply and would provide an
acceptable sensory feeling to the patient. Importantly, the in vitro drug release study showed a steady,
time-dependent increase in drug release, demonstrating the potential of these formulations for sustained
drug delivery, enhancing treatment effectiveness.

The FTIR analysis revealed compatibility between the active drugs and the selected polymers, an
essential consideration to ensure the stability and efficacy of the formulation. The characteristic peaks
corresponding to the functional groups of the drugs and polymers were evident in the FTIR spectra of
the drug-loaded gel formulations, signifying the preservation of chemical integrity and compatibility.

Taken together, the results from this study suggest that the developed ACNE gel formulations with
Metronidazole and Doxycycline, using HPMC and Carbopol polymers, exhibit promising physical and
chemical characteristics for effective topical treatment of acne. However, further studies, including
stability testing under different conditions and in vivo efficacy studies, would be necessary to confirm
the therapeutic potential of these formulations.

This study contributes to the current understanding of ACNE gel formulation and provides a framework
for the further development and optimization of such formulations. It underlines the importance of
careful selection of active ingredients and polymers, and rigorous evaluation of the formulations, in the
pursuit of effective topical treatments for acne.
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