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Introduction: 
Acute inflammation of the dermis and subcutaneous tissue, cellulitis is most frequently found 
a wound, ulcer or dermatosis. Localized discomfort, erythema, and swelling and heat characterise this pyogenic, spreading condition. The involved region lacks a clear distinction from the unaffected area, usually on the leg skin.
[bookmark: _GoBack]A superficial infection with noticeable lymphatic involvement known as erysipelas does have a border that is raised and indurated, distinguishing it from normal epidermis. These unique qualities to give off a "peaud'orange"look. Cellulitis was recovered as the main diagnosis for 75,838 inpatient admissions with a median stay of 3 days and 114,190 completed consultant episodes in secondary care during the 2014 period. 63 is the average patient age. More cases are handled in basic care. (1)
Etiology

Cellulitis may result from native flora colonizing the epidermis and appendages, such as Staphylococcus aureus and Streptococcus pyogenes, or it may result from other factors. Many different exogenous microorganisms. Bacteria enter the body in a variety of ways. The epidermis, burns, bites from insects, surgical incisions, intravenous (IV). All catheters could be routes. Cellulitis caused by S. aureus develops from a centrally located infection starts there and expands.(2)
TREATMENT:

The preferred treatment for cellulitis is a beta-lactam antibiotic with action against S. aureus that produces penicillinase because staphylococcal and streptococcal species account for the majority of cases, nafcillin, an antibiotic of the first generation, and cefazolin, third- generation ceftriaxone and synthesized penicillin against staphylococci.All of the initial treatment choices include cephalosporin. If S. aureus is immune to methicillin, Vancomycin should be used if (MRSA) is detected or if the patient has a severe penicillin allergy, linezolid are the preferred medications, and both have comparable cure rates. Traditionally, cellulitis has been treated with antibiotics targeting β-hemolytic streptococci and methicillin-sensitive Staphylococcus aureus(MSSA). However, the rise of community-associated methicillin-resistant Staphylococcus aureus (CA-MRSA) over the past decade has led many clinicians to opt for MRSA-specific therapies. For instance, a recent study in Denver found that 85% of hospitalized cellulitis patients received vancomycin or other anti-MRSA treatments, while only 20% were given cefazolin and 8% nafcillin. Upon discharge, 48% were prescribed trimethoprim- sulfamethoxazole, whereas just 6% received cephalexin and 3% were given dicloxacillin.(8)



Antibiotic treatment:

The primary pathogens in cellulitis are Streptococci and Staphylococcus aureus, with over 70% of cases attributed to streptococci according to prospective convalescent serology studies. For patients with beta-lactam allergies, clindamycin is recommended because it inhibits toxin production from streptococci and staphylococci and may offer better tissue penetration compared to beta-lactams. However, clindamycin concentrations measured in studies often include intracellular levels, potentially overestimating its effective extracellular concentration. In contrast, beta-lactam concentrations may be underestimated due to dilution by intracellular fluid.
Hydrogels are three-dimensional, cross linked networks of water-soluble polymers. Hydrogels can be made from virtually any water-soluble polymer, encompassing a wide range of chemical compositions and bulk physical properties.
Further- more, hydrogels can be formulated in a variety of physical forms, including slabs, microparticles, nanoparticles, coatings, and films. As a result, hydrogels are commonly used in clinical practice and experimental medicine for a wide range of applications, including tissue engineering and regenerative medicine, diagnostics, cellular immobilization, separation of biomolecules or cells, and barrier materials to regulate biological adhesions.
Advantage of hydrogel (37, 38)

· Environmentally sensitive hydrogels. These hydrogels have the ability to sense changes of pH, temperature, or the concentration of metabolite and release their load as result of such a change.
· Hydrogels can retain significant amounts of water, making them ideal for applications that require moisture maintenance, such as wound dressings and contact lenses.
· Hydration: Their high-water content makes them similar to natural tissues, which is beneficial in biomedical applications.
· Their gentle and non-irritating nature reduces the risk of inflammation and rejection in medical applications.
· Their ability to change properties in response to environmental changes allows for controlled drug release and targeted therapy.

· The porous structure of hydrogels facilitates the exchange of nutrients and waste products, which is crucial in tissue engineering and wound healing.
· 	Porosity allows for the encapsulation and sustained release of cells, growth factors, and other bioactive molecules.



Many hydrogels are non-toxic, making them safe for various medical and consumer application cute infection of the skin involving the dermis and subcutaneous tissues. Gram-positive cocci such as Streptococcus and Staphylococcus aureus are thought to be the predominant cause of cellulitis. The classic presentation of rubor (redness), dolor (pain), tumor (swelling) and calor (heat) are the hallmarks of cellulitis and it is spreading and pyogenic in nature. Due to lack of permeation of most of the antibiotic agents from the topical formulations into sub dermal tissues and deeper skin layers therefore infections are mainly treated using high dose of oral or parental dosage form and because of this high dose of the antibiotic classes,
There are various disadvantages which are as follow:

1. Diarrhea-Most common in ẞ lactam.
2. Nausea, vomiting, Nephrotoxicity.
3. Myotoxicity- Seen in cyclic lipopeptide e.g., Daptomycin.
4. Acute pancreatitis.
5. Drug Resistant- Very common in antibiotic therapy e.g. Cephalexin, Linezolid etc.

Therefore, to overcome the side effect of antibiotic hydrogel containing herbal extract has become a significant step towards overcoming the problems associated with conventional drug delivery. Hydrogels, particularly those designed for medical and dermatological applications, can indeed penetrate the skin to reach the dermal layer. This capability is leveraged in various therapeutic applications to deliver active ingredients directly to the site of need within the skin. Hydrogels play a significant role in the management and treatment of cellulitis, a common and potentially serious bacterial skin infection. Hydrogels are valuable in the treatment of cellulitis due to their ability to create an optimal wound healing environment, provide pain relief, enhance local drug delivery, reduce infection, manage exudate, and ensure biocompatibility. These properties make hydrogels a crucial component in the effective management of cellulitis.
Hydrogel containing herbal extract [antibacterial] will provide benefits of-

· Pain Management
· Less toxic as reduce dose.
· Enhanced Drug Delivery
· Reduction of Infection
· Cooling effect
· Biocompatibility and Safety





MATERIALS AND METHODS
1.1 Materials:

The following materials were employed in the present research: analytical reagent/laboratory reagent grade, or the best pharmaceutical grade that was made and supplied by the manufacturer.:(45)

	Sr. no
	Ingredients
	Category / use

	1.
	Herbal extract

(Mangifera Indica)
	API

	2.
	Propylene glycol 400(5%)
	Penetration enhancer

	3.
	Carbopol 940
	Gelling agent

	
	Sodium CMC
	

	4.
	Methyl paraben (0.5%)ml
	Preservative

	5.
	Propyl paraben (0.2%)ml
	Preservative

	6.
	Triethanolamine
	Ph adjusting agent

	7.
	Distilled water (ml)
	Vehicles


Table 1: Materials used in formulation

1.1.1 DRUG PROFILE:

Mangifera indica (MI), also known as mango, aam, it has been an important herb in the Ayurvedic and indigenous medical systems for over 4000 years. Mangoes belong to genus Mangifera which consists of about 30 species of tropical fruiting trees in the flowering plant family Anacardiaceae. According to ayurveda, varied medicinal properties are attributed to different parts of mango tree.
Selection of plant material:

Selection of plant material based on extensive literature survey reveals that plant mangifera indica leaves have preferable antioxidant, antimicrobial and antiinflafatory activity as well as other potent activities for against diseases.




Collection of plant material:

Plant materials were collected from the local farm. After the selection of plant some steps are followed:

· Plucking the leaves from plant.
· Picking the clean leaves of plant.
· Leaves are rinse with the water to remove dust particles.
· Washed leaves kept for shed drying on a filter paper at room temperature. After drying powdered the leaves with the help of grinder.(54)
Authentication of herbal plant:

Authentication of herbal plant Mangifera indica leaves were done by Professor and head of Botany Dr.C.S. Swami Sir, Dayanand Science College Latur.

Standardization of selected plant material: (55)

The quality of the initial material is crucial for producing a final product of reproducible quality. As a result, the standardization of the plant samples used in the study was carried out in accordance with the detailed instructions of WHO monographs. The World Health Organization has emphasized the importance of employing various contemporary methodologies and appropriate criteria to ensure the quality of herbal medicines. The following specifications were used to standardize.
Extraction of plant:

Here, maceration method used for extraction.(61)

The extract of the Mangifera Indica leaves were prepared by maceration process. Firstly, the collected leaves were washed with tap water followed by deionized water. The dried Mangifera Indica leaves was blended into the grinder until fine chopped pieces formed and then sieved with a 120 sized mesh. 50 g of Mangifera indica leaves powder were extracted with 200 mL 98% ethanol in a maceration apparatus for 7 days. After 7 days the filtration of extract was done then evaporated under rotary vacuum evaporator. The extracts were collected into a sterilized bottle and stored in refrigerator until further use.



Pre-formulation Studies:
Physiochemical properties :(62)
Physiochemical properties color, physical state, odour and nature of herbal extract were studied.
Estimation of extract by U.V Spectrophotometer :(63)

Dissolve 2.38g of disodium hydrogen phosphate and 0.19g of potassium dihydrogen phosphate and 8.0g sodium chloride in sufficient water to produce 1000ml of 0.2M pH 7.4 phosphate buffer. PH check by digital pH meter before use.
Preparation of standard calibration curve: (64)

In-vitro Drug Diffusion studies of all developed hydrogel formulations were determined by using Franz-diffusion cell. The diffusion cell apparatus was fabricated locally as open-ended cylindrical tube with 3.14 cm2 area and 100 mm height having a diffusion area of 3.8 cm2 The Phosphate buffer pH
7.4 was used as receptor media. The egg membrane was prepared by dipping the egg into the IM con. HCI for 30 min. After half hr, egg was removed from con. HCI and membrane was withdrawn from the egg. The egg membrane was used as dialysis membrane in drug diffusion study and mounted in between the receptor and donor compartment of the Franz-diffusion cell such that the egg membrane side was in intimate contact with the release surface of the formulation in the donor cell. The donor compartment contained 10.0 ml of isotonic phosphate buffer pH 7.4 mounted on the diffusion cell and maintained the temperature at 37 ± 1°C. The assembly was fixed on a magnetic stirrer. 1.0 g quantity of hydrogel sample was placed over the egg membrane and solution of phosphate buffer pH 7.4 in the receptor compartment was stirred constantly using magnetic bead at 50.0 rpm. Then withdrawn the 1.0 ml of sample at 30, 60, 90, 120, 150, 180, 210, 240, 270, 300, 330, 360 min and diluted with 10.0 ml of blank solution and analysed the withdrawn sample by spectrophotometer at 266 nm. After each withdrawal, the diffusion medium was replaced with an equal volume of fresh diffusion medium to maintain the sink condition.
The FTIR of drug extract: (65)

The main source of information on the functional group(s) linked to phytochemical substances is FTIR spectroscopy. Functional groups presence in extracts of medicinally useful plant parts.


Determination of λ max of drug: (66)

	Sr.No.
	Ingredients
	F1
	F2
	F3
	F4
	F5
	F6
	F7
	F8
	F9

	1
	Carbopol 940
	1.5
	0.5
	1
	1
	1.5
	1.5
	0.5
	0.5
	1

	2
	Sodium CMC
	0.5
	1.5
	1
	0.5
	1
	1.5
	0.5
	1
	1.5

	3
	Extract (%W/W)
	1
	1
	1
	1
	1
	1
	1
	1
	1

	4
	Propylene glycol
(0.5%) (ml)
	
5
	
5
	
5
	
5
	
5
	
5
	
5
	
5
	
5

	5
	Methyl paraben (0.5%)(ml)
	
0.2
	
0.2
	
0.2
	
0.2
	
0.2
	
0.2
	
0.2
	
0.2
	
0.2

	6
	Propyl paraben (0.2) (ml)
	
5
	
5
	
5
	
5
	
5
	
5
	
5
	
5
	
5

	7
	Triethanolamine
(ml)
	q.s
	q.s
	q.s
	q.s
	q.s
	q.s
	q.s
	q.s
	q.s

	8
	Distilled Water
(ml) q.s.
	q.s. to
100
	q.s.to
100
	q.s. to
100
	q.s. to
100
	q.s. to
100
	q.s. to
100
	q.s. to
100
	q.s. to
100
	q.s. to
100


Prepare a solution of mangifera indica containing a precise quantity of 10mg dissolved in a suitable solvent. Proceed to create a series of dilutions to establish the optimal concentration for absorbance measurement. Utilize a UV-Vis spectrophotometer to record the absorbance of each diluted solution across various wavelengths, ensuring proper calibration by zeroing the spectrophotometer with a blank solution. Generate a graph plotting absorbance values against wavelength for each solution, and identify the peak where absorbance is at its highest. This peak wavelength represents the lambda max (266nm) of the drug.

Table 6: Formulation Table

Antibacterial activity of formulated Hydrogel.

Antibacterial-impregnated disc with a known concentration on an agar plate that has been uniformly infected with a culture of the bacterium under investigation, discs are positioned. The plate is incubated at 37°C for 18-24 hours. The antibacterial ingredient diffuses into the agar during this time and may stop the growth of organisms. The diameter of the inhibitory zone around the discs has a direct relationship with the effectiveness of susceptibility. Those organisms that reach the disc’s edge are resistant
Procurement of microbial strain: The microorganism strain was obtained from NCIM. Herbal hydrogel formulations containing ethanolic extracts of Mangifera indica leaves were tested against Staphylococcus aureus.
Making distinct Concentrations of Formulation: Using 10% DMSO, three distinct conc. of the plant aqueous and ethanol extracts 25 mg/ml, 50 mg/ml, and 100 mg/ml were made.
Culture media preparation: Media and common anti-bacterial medications (discs) were acquired from Hi-Media Laboratories Ltd. in India. According to the instructions, all the media were made on sterile glass Petri plates with a 4 mm thickness.
Procedure:

By using the agar well diffusion and agar disc diffusion methods, the anti-bacterial activity of ethanolic
extracts of Mangifera indica herbal hydrogel formulations was evaluated against bacteria. To determine the anti-bacterial activity of the formulation, the zone of inhibition was assessed using the agar well and agar disc diffusion methods.
To prevent contamination during the investigation, all processes involved in this preparation were carried out in a strictly aseptic environment. Prior to use, all glassware- including beakers, volumetric flasks, droppers, measuring cylinders, pipettes, and laboratory glass bottles was autoclaved at 121 °C for 20 minutes. By using the agar well diffusion and agar disc diffusion methods, herbal hydrogel formulations including ethanolic extracts of mangifera indica leaves of microbial strain: microorganism strain were obtained from NCIM. Herbal hydrogel formulations containing ethanolic extracts of Mangifera indica leaves were tested against Staphylococcus aureus.
A 10% DMSO solvent was used to create the extract solutions. The culture was made on nutrient agar medium slants and incubated for 24 hours in an aerobic environment at 37 °C. Using a sterile 8 mm cork borer, an agar plate was punctured, and 25 L of herbal hydrogel formulations ethanolic extract of different concentrations (25 mg/mL, 50 mg/mL, and 100 mg/mL) were pipetted into each well. 30 minutes were given for the plate to stand. After that, plate underwent an aerobic incubation period of 24 hours at 37 °C. Additionally, the positive control Oxacillin discs (100 g/mL) were utilised. The diameter of the zone of inhibition in mm was used to calculate the antibacterial activity of topical herbal hydrogel formulations.

Result and Discussion: Physical appearance:
	Sr.No.
	Evaluation parameter
	Name of plants
(Mangifera indica)

	1
	Colour
	Green

	2
	Odour
	Pleasant Aroma

	3
	Taste
	Mild, vegetal flavour

	4
	Size
	30cm long and 7cm wide

	5
	Shape
	Oblong-elliptic to lanceolate


Table 7: Physical appearance


	Standardization of selected plant:

	Sr.no
	Evaluation parameters
	Mangifera indica

	1
	Ash value
	8.5 %

	2
	Acid insoluble ash
	0.96

	3
	Water soluble ash
	20

	4
	Total ash value
	9.2

	5
	Loss of drying
	5.33

	6
	Foreign matter determination
	0.3


Table 9: standardization of mangifera indica leaves

Preparation of ethanolic extract:

	Sr.no.
	Solvent
	Colour
	Odour
	Consistency
	% yield w/w

	1
	Mangifera indica
	Green
	Pleasant Aroma
	Semisolid
sticky mass
	86.2%



Table 10: percentage yield of plant extract 






Preliminary phytochemical screening of extract: Result of phytochemical screening depends upon chemical constituents in extract. Either result is positive or negative. Results are given below:

	Sr.No
	Test
	Procedure
	Result Approved

	1
	Test for carbohydrate
	2ml of extract + 1ml of naphthol
or molish reagent + few drop of conc.H2SO4
	Purple colour formation

	2
	Test for flavonoids
	1 ml extract + zinc dust +
conc.Hcl
	Red colour ppt from

	3
	Test for alkaloids
	1 ml extract + few dragons drop
reagent
	Orange colour formed

	4
	Test for glycoside
	2 ml extract + 3 ml of chloroform
10% Ammonia solution
	Pink colour/ Brick red ppt formed

	5
	Test for saponin
	5 ml extract + few drop sodium bicarbonate + shake 3 min
	Formation of 1 cm layers
of foam indicated presence of saponin

	6
	Test for terpenoid
	0.5 ml extract + 2 ml chloroform
+ conc, h2
	Red brown colour
formation

	7
	Test for phenol
	2ml extract + few drop of
alcoholic Fecl3
	Green colour /bluish black
colour

	8
	Test for steroids
	2 ml extract + 5 ml chloroform +
2 ml acetic anhydride + 2 ml H2SO4
	The colour changes from
violet to green / upper layer appeared, accept

	9
	Test for tannin
	1 ml extract + 2 ml of 5% fecl3
	Greenish colour /blue
green colour/ yellow ppt

	10
	Test for protein
xanthoproteic test Ninhydrin test
	3 ml extract + concentric acid + 3
ml of ninhydrin reagent boil for few minutes.
	Yellow colour Blue colour

	11
	Detection of anthocyanin
	3ml extract + 3 ml 2N HCL+NH3
	Appearance of pink red
colour which turns into blue violet.

	12
	Test for reducing sugar
	3 ml of Fehling solution A and B
+ heat + 1 ml of extract + boil for 5 to 10 minutes.
	Brown red ppt.








Fig 9: Phytochemical Screening Study.

[image: ]Fig 12: Mangifera indica leaves ethanolic extract FTIR Spectra.


[image: ]FTIR of extract + polymers

Result and Discussion: Optimization analysis 

	RUN
	Factor 1 A
Carbopol 940
	Factor 2 A
Sodium CMC
	Response 1 in vitro
drug release %

	1
	1.5
	0.5
	81.09

	2
	0.5
	1.5
	77.08

	3
	1
	1
	80.9

	4
	1
	0.5
	82.4

	5
	1.5
	1
	92.4

	6
	1.5
	1.5
	87.3

	7
	0.5
	0.5
	70.1

	8
	0.5
	1
	81.7

	9
	1
	1.5
	88.1


Physical appearance

	Batch code
	Colour
	Homogeneity
	pH
	Viscosity (cps)
	Spreadability (g.cm/sec)
	% drug content

	F1
	Green
	Homogenous
	5.70
	24500
	12.25
	78.30

	F2
	Green
	Homogenous
	5.73
	25425
	13.36
	86.05

	F3
	Green
	Homogenous
	6.18
	25952
	14.65
	73.2

	F4
	Green
	Homogenous
	5.53
	28430
	13.23
	65.60

	F5
	Green
	Homogenous
	6.42
	26800
	14.56
	92.30

	F6
	Green
	Homogenous
	6.3
	27200
	13.80
	76.03

	F7
	Green
	Homogenous
	6.2
	28652
	15.13
	81.2

	F8
	Green
	Homogenous
	6.1
	29660
	14.66
	88.22

	F9
	Green
	Homogenous
	5.54
	29725
	12.95
	80.50


Table no 18: physicochemical evaluation results.

Stability study of hydrogel:
To evaluate the stability of the drug formulation, stability experiments were conducted in accordance with ICH. A packaging made of aluminium and polyethylene was laminated and used to seal the optimized F5 formulation. For one month, samples were stored at 40°C and 76% RH. At the conclusion of the trial period, the formulation’s physical features, colour, drug content and characteristics of drug release observed only little change.
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% Drug release

% drug release











[image: ]Fig 24: % drug release of all prepared hydrogel formulation.


Fig 25: Counter plot.



[image: ]
Fig 26: 3D surface graph of DOE


Antibacterial test:
After 24 hours, the plates were examined. By measuring the smallest dimension of the area around the patch where no fungal growth occurred, the zone of inhibition is estimated.
[image: ]
Fig 27: Antibacterial activity against staphylococcus aureus

	Name of bacterial strain
	Formulation Hydrogel
	Marketed
	Standard
	Standard  used

	Stephylococcus aureas
	12.5
	11.5
	9.5
	Oxacillin


Table 25: Antibacterial study

The antimicrobial topical hydrogel of mangifera indica leaves formulation showed better antibacterial activity. As the concentration of Carbopol 940 and sodium cmc was increased from F5 respectively in the hydrogel, antibacterial activity was synergistically improved against staphylococcus aureas. The prepared hydrogel formulation was found stable and useful for topical application due to its negligible diffusion, good spreadability, neutral pH, and low viscosity.



CONCLUSION

Plant extracts were used to prepare a topical herbal hydrogel formulation. Total nine herbal hydrogel formulations prepared using solvent dispersion method. from ethanolic extracts. The physicochemical characteristics of the herbal hydrogel including appearance, pH, homogeneity and spreadability, viscosity, drug content, diffusion study, etc., were evaluated and results found within allowable limits. 
The maximum drug release was produced by the Nanogel formulation-F2. Additionally, optimized F5 formulation tested for antibacterial efficacy by agar well diffusion method against S,aureus microorganisms. The results demonstrate that herbal hydrogel formulations show good results against Staphylococcus aureus. Hence the overall study concludes that the prepared and optimized F5 batch of hydrogel possesses significant antibacterial activity and effective against cellulitis treatment.
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