


Formulation and Evaluation of a Weed-Derived Hydrogel from Solanum nigrum for Anti-Psoriatic Efficacy in Wistar Albino Rats


ABSTRACT:
Psoriasis imposes a significant burden on both individuals and society. It is linked to several critical health issues, such as depression, psoriatic arthritis, and cardiometabolic syndrome. Solanum nigrum, also known as Black Nightshade, is used in Indian traditional medicine. The objective of the present study was to evaluate the antipsoriatic activity of S. nigrum hydrogel against Imiquimod-induced psoriasis in Wistar albino rats. In this study, 20 Wistar albino rats were randomly selected and divided into 4 groups, each group consisting of 5 animals. Groups I-control, Group II- Disease control (Imiquimod 5%w/w), Group III- Standard (Tazarotene 0.05% w/w), Group IV- Treatment 1 (Solanum nigrum hydrogel/SNHG). Psoriasis was induced with Imiquimod 5%w/w cream in all the groups except the control group. On the 24th day, estimation of body weight, redness, scaling, erythema and thickness were evaluated. SNHG was found to control the psoriasis by lowering the psoriatic diameter, TNFα, IL-10 and serum albumin levels to normal, which might be due to the lowered skin inflammation, plaque formation and plaque-type psoriasis caused by imiquimod, and this was further supported by the PASI score. The IR spectrum of Solanum nigrum showed strong stretching vibrations at 3265.70 for the O-H group, at 2926.85 for aromatic C=H, and the structure also contains an aliphatic C-N stretch at 1030.13, for an S-S weak disulphide band at 521.13. In the estimation of TNF-α, the Control group maintains low TNF-α levels at day 12 and day 24, showing it does not show any inflammatory response. The Standard group and, SNHG group show comparatively similar levels of TNF-α. The study concluded that SNHG might offer a novel, natural, and effective treatment strategy for managing psoriasis, and it could be a potential source for the treatment of psoriasis.
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INTRODUCTION:
Psoriasis is a widespread, long-lasting papulosquamous skin condition that affects people globally, can manifest at any age, and imposes a significant burden on both individuals and society. It is linked to several critical health issues, such as depression, psoriatic arthritis, and cardiometabolic syndrome. The most prevalent type, known as chronic plaque psoriasis or psoriasis vulgaris, arises from genetic predisposition, especially when the HLA-C*06:02 risk allele is present, along with environmental factors like streptococcal infections, stress, smoking, obesity, and alcohol use. Various phenotypes exist, and research has distinguished pustular forms from chronic plaque types. Immunological and genetic research has pinpointed IL-17 and IL-23 as central to the development of psoriasis.[1] The cause of the formation of the characteristic psoriasis symptoms is an excessive number of cell divisions in the basal layer of the epidermis, and an accelerated, abnormal cycle of maturation of keratinocytes. The process of proliferation and exfoliation of cells in psoriasis due to excessive and abnormal stimulation of the immune system is reduced from a period of about one month to about four days (Boubnane et al., 2023). This leads to forming lesions on the skin with various severity, i.e., forms with few small skin lesions or even severe forms of the disease characterised by inflammatory and exudative lesions, which can take a generalised form (psoriatic erythroderma) (Kulawik-Pióro, A., & Miastkowska, 2021). Biological therapies targeting these cytokines and TNFα have transformed the treatment of severe chronic plaque psoriasis. Although there is currently no cure for psoriasis, management should focus on reducing physical symptoms and improving quality of life and psychological damage by initiating treatment early in the disease's progression, recognising and preventing related multimorbidity, encouraging lifestyle changes, and adopting a personalised treatment strategy.[2]
In the following, an overview of psoriasis epidemiology is presented. Estimated global prevalence: 2-3% (about 125 million individuals). Highest prevalence in: North America (4.6%) and Europe (4.4%). Lowest prevalence in: Africa (1.3%) and Asia (1.4%). Unusual T-cell activation: When T-cells become hyperactive, inflammation ensues. Dysfunction of dendritic cells: Pro-inflammatory cytokines are overexpressed by dendritic cells. Anti-inflammatory cytokines are subordinated to pro-inflammatory cytokines such as TNFα and IL-17. Thickening of the skin by over-proliferation of keratinocytes. The integrity of the epidermal barrier is lost when keratinocytes fail to properly differentiate. Allergens and irritants can enter the body through the skin's increased permeability. Up to 30% of people with psoriatic arthritis experience joint inflammation and damage.[3]
Drugs used for the treatment of psoriasis are corticosteroid creams, ointments, injectable medicines such as adalimumab, etanercept,  medicines you take by mouth, including apremilast, cyclosporine, or methotrexate, UV light therapy, Laser therapy, targeting the blood vessels under your nails, Vitamin D-based medicines, including calcipotriol and tazarotene.[4] Emerging trends and future directions in psoriasis treatment hold promise for improved outcomes. These include the development of novel biologic agents targeting novel pathways, the exploration of combination therapies to enhance efficacy and minimise side effects, the utilisation of biomarkers for treatment selection and monitoring, and the advancement of gene- and cell-based therapies (Lee & Kim, 2023; Bodnár et al., 2024).
But allopathic medicine with so many side effects like skin thinning, liver damage, allergic reactions and prolonged use of topical steroids can lead to dependence, so these drawbacks can be overcome by ayurvedic medicine. Solanum nigrum is rich with steroidal alkaloids, steroidal glycosides, flavonoids and is rich with antioxidant properties and acts as a hepatoprotective agent, anti-lipidemic action, antioxidative agent, and anti-inflammatory activity. Hydrogels can provide intense hydration, soothing and moisturising the skin. In the current study, herbal-based hydrogels are used for the treatment of psoriasis.[5]
METHODOLOGY:
Plant material: Fruits of Solanum Nigrum were brought from nearby plants in Guntur and were authenticated by Dr.P. Satyanarayana Raju Garu, M.Sc., M.Phil., Ph.D. Taxonomist from the department of botany and microbiology, Acharya Nagarjuna University, Nagarjuna Nagar, AP on 17th February, 2025. The material was dried and ground using a mechanical grinder and stored in an air-tight container.[8]
Process of the extraction: Powdered Solanum nigrum was soaked in ethanol in a 1:10 ratio for 7 days.  After that, the soaked drug was filtered using Whatman filter paper and the filtrate was collected. Then the collected filtrate was kept for evaporation, and finally the crude extract was obtained and further used.[7]
Phytochemical Screeening:
Phytochemical tests conducted for the powdered crude drug were tests for carbohydrates, tests for alkaloids, tests for proteins, tests for glycosides, the test for saponins and the test for flavonoids are performed.
Selection of Experimental Animals and Animal Care: Wistar albino rats, both male and female, weighing between 180–200 grams, were obtained from the animal house of Chalapathi Institute of Pharmaceutical Sciences for the present study. The animals were housed under standard laboratory conditions, including a controlled temperature of 23°C, 50% relative humidity, and a 12-hour light/dark cycle. They had free access to water and a standard laboratory diet consisting of approximately 70% carbohydrates, 25% protein, and 5% lipids. Prior to the experiment, the rats were randomised and allowed to acclimatise to the laboratory environment for a period of two weeks.
Animal ethics:
Animal housing and handling were in accordance with CCSEA guidelines. Our college was approved by CCSEA for conducting animal experiments with the registration number 05/IAEC/CLPT/2024-25. 
The prior permission for the study was obtained from our Institutional Animal Ethics Committee.
Preparation of Imiquimod: The imiquimod cream utilised in this study was obtained from a local licensed pharmacy to ensure the use of a clinically approved and standardised formulation, consistent with routine therapeutic applications.
Preparation of hydrogel: 1gm of carbopol was slowly added into the 15ml of water with the aid of magnetic stirrer. After dissolving the carbopol, propylene glycol was added slowly into it and followed by triethanolamine and API. Finally, a fragrancing agent was added along with alcohol. (Table 1, Figure 1)[9]
Grouping of animals: This experiment used male and female Albino Wistar rats to induce psoriasis in the skin of animals obtained from disease-free animal houses. The study used Albino Wistar rats measuring 150-200 grams. The IAEC Committee approved the experimental design, and the animals were monitored and cared for in accordance with CPCSEA guidelines.
Chart 1:  Experimental animal group design
Grouping of animals
↓
5groups and 6 in each
↓
Group I as control
Group II as Disease control
Group-III as standard (Tazarotene 0.05% w/w)
Group-IV as Treatment (Solanum nigrum hydrogel 12% w/w/SNHG) 

Preparation of animals:
Animals: Obtain healthy adult rats (e.g., Wistar albino rats) and acclimate them to the laboratory environment. 
Imiquimod cream: Imiquimod 5%w/w cream was purchased from a licensed pharmacy. 
Application cream: Use a pipette or a small brush to apply the imiquimod cream. 
Induction Protocol:
Day 1-5: Apply 50-100 mg of imiquimod cream to the shaved skin of the rat's back, once daily. Day 6-10: Continue applying imiquimod cream, increasing the frequency to twice daily. Day 11-12: Maintain the twice-daily application schedule. Day 12 onwards: Observe the rats for signs of psoriasis-like skin lesions, such as erythema, scaling, and thickening. Day 12-24: Group -2 was induced with imiquimod cream, Group 3 was treated with tazarotene, and Group 4 was treated with SNHG. 
Measurement of PASI Score:
The psoriatic area and severity index [PASI] is the measurement index that gives scores for the severity observed on the skin of the psoriatic lesions.
Calculate Lesion Severity Score: Add the scores for erythema, scaling, and thickness to get the Lesion Severity Score (LSS): LSS = Erythema + Scaling + Thickness.
Biochemical parameters:
Estimation of TNFAlpha/Tumour necrosis factor ELISA Kit PicoKine: TNF-alpha ELISA kit
Estimation of IL-10: Sandwich ELISA method
Estimation of serum albumin: Bromocresol green (BCG) method


RESULTS AND DISCUSSION:

Preliminary phytochemical screening:
The result of phytochemical screening shows the presence of carbohydrates, alkaloids, proteins, saponins, glycosides, cardiac glycosides, tannins and flavonoids.

IR SPECTROSCOPY OF S. nigrum FRUIT EXTRACT:
Interpretation of Solanum nigrum:
The IR spectrum of Solanum nigrum showed strong stretching vibrations at 3265.70 for the O-H group, at 2926.85 for aromatic C=H, and the structure also contains an aliphatic C-N stretch at 1030.13, for an S-S weak disulphide band at 521.13 (Table 2, Figure 2)

EVALUATION OF HYDROGEL:
Physical appearance test: It includes the colour, odour, transparency of the hydrogel, and the colour of the SNHG is pale brown in colour with lavender fragrance and transparent in appearance.
Viscosity: When the viscosity of the hydrogels was evaluated using a Brookfield viscometer, the viscosities of SNHG were determined to be 103.4.
pH of the hydrogels: Using a pH meter, the pH of the hydrogel was determined to be 5.9 for SNHG, which is in line with the pH of the skin[12]
Microbial contamination test: For the microbial contamination test, we performed by using the total plate count method, and the total number of colony forming units was found to be within the limits for the hydrogel, i.e. SNHG 39cfu.
Spreadability test: The spreadability test was performed with the help of the glass slide method, where the hydrogel was placed between the slides, and the spread diameter was measured. The Spreadability of the SNHG was found to be 5.2cm (Table 3).[10]

BIOCHEMICAL PARAMETERS:
ESTIMATION PASI SCORES:
The Psoriasis Area and Severity Index (PASI) score is a measurement of the discolouration, thickness, scaling, and coverage of these plaques. One can use it to measure the severity and extent of psoriasis and observe the effectiveness of psoriasis treatments.  The Negative control group has a significantly higher PASI score compared to the control group at both day 12 and day 24. SNHG (table 4) treatment showed a significant equivalent effect with Standard treatment with PASI scores dropping from Day-12 (table 4, graph-1), indicating near-complete recovery, and it was evidenced by Bukky Aremu et al. (2021). [6]
The diameter of the psoriatic lesions in rats was measured using the vernier callipers to assess the extent of skin inflammation and plaque formation. Vernier callipers offer precise and reliable measurements, making them ideal for evaluating. The progression or regression of skin lesions in preclinical studies. Prior to measurement, rats were gently restrained to minimise movement and ensure accuracy. The largest transverse diameter of the lesion was identified and measured in millimetres. Measurements were taken consistently at the same anatomical location. To reduce variability and improve reproducibility. This method allowed for quantitative assessment of lesion size, which serves as an important parameter for evaluating the efficacy of therapeutic interventions in psoriasis models.[11]


ESTIMATION OF TNFα:
In psoriasis, TNF-alpha key pro-inflammatory cytokine that amplifies inflammation, promoting immune cell activation, keratinocyte hyperproliferation, and the recruitment of inflammatory cells to the skin, contributing to the disease's pathogenesis. Negative Control has much higher TNF-α levels than the Control group on both Day 12 and Day 24, indicating significant inflammation. The Control group maintains low TNF-α levels at day-12 (Table 5, graph 2) and day-24, showing it does not show any inflammatory response. The Standard group and, SNHG group show comparatively similar levels of TNF-α. This may be the presence of steroidal alkaloids in SNHG, which reduces the oxidative stress it as evidenced by John Yost et al. 2009.[14]

ESTIMATION OF SERUM ALBUMIN LEVELS:
Serum albumin is a major plasma protein synthesised by the liver, and it plays crucial roles in maintaining oncotic pressure, transporting substances, and modulating inflammation and oxidative stress. In the context of psoriasis, which is a chronic, immuno-mediated inflammatory skin disorder, serum albumin has both diagnostic and pathogenic significance. Here, the Negative control group has significantly lower serum albumin levels than the control at day 24 (Table 6, graph 3). The SNHG treatment group showed similar serum albumin levels when compared to the standard group at day 24 due to the presence of steroidal alkaloids in the SNHG. This was evidenced by Nair, P. A et al. (2014)

ESTIMATION OF IL-10:
Interleukin (IL)-10 is a pluripotent cytokine with effects on numerous cell populations, in particular circulating and resident immune cells as well as epithelial cells. With its potent immunoregulatory capacities, its main biological function seems to be the limitation and termination of inflammatory responses. Hence, its low-level expression found in psoriasis may have pathophysiological relevance to this immune disease. Negative Control has a significantly higher IL-10 level compared to Control on day 24 (Table 7, graph 4). The difference suggests that the negative control condition induces higher IL-10 production. SNHG show significantly similar IL-10 levels to the Standard group at day-24 might be due to the presence of steroidal alkaloids in SNHG, suggesting they may have a stronger effect it as evidenced by Ahmad A Al-Shobili et al. (2008). [13]

EFFECT OF SNHG ON IMIQUIMOD-INDUCED PSORIASIS: On day 12(the period of psoriasis induction using imiquimod), the animals were found to have developed psoriasis-like symptoms, including redness, thickness, and scaling among all the group of animals except the control (Figure 3). On the 24th day, the disease control groups showed more redness and scaling compared to the control group and standard (Figure 3). Whereas SNHG showed slight scaling and redness recovery in animals from psoriasis. Standard group and SNHG have shown similar activity.



CONCLUSION: 
The study concluded that SNHG was found to control psoriasis by lowering the psoriatic diameter, TNFα, IL-10 and serum albumin levels to normal, which might be due to the lowered skin inflammation and plaque type psoriasis caused by imiquimod, and this was further supported by the PASI score. The SNHG could effectively normalise the psoriatic diameter, TNFα, IL-10 and serum albumin levels. The hydrogel formulation, rich in bioactive compounds, has shown promising results in reducing inflammation, scaling, and erythema in imiquimod-induced psoriatic lesions in rats. The topical application of this hydrogel has been found to modulate the immune response, suppress pro-inflammatory cytokines, and promote skin regeneration. These findings suggest that hydrogels SNHG might offer a novel, natural, and effective treatment strategy for managing psoriasis, and it could be a potential source for the treatment of psoriasis.
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Table 1: SNHG Formulation:
	INGREDIENTS
	QUANTITY TAKEN (50gms)
	PURPOSE

	Solanum nigrum
	12% w/w
	API

	Carbopol
	1gms
	Gelling agent

	Triethanolamine
	1.798gms
	Emulsifying agent

	Propylene glycol
	10.36gms
	Plasticizer

	Alcohol
	3.15gms
	Solvent

	Lavender oil
	0.2gms
	Fragrancing agent

	Distilled water
	q.s
	vehicle




Table 2: IR Spectroscopy Interpretation of Solanum nigrum Fruit Extract
	Sl.no
	Characteristic bond
	Wave number (cm⁻¹)
	Reference wave number (cm⁻¹)

	1.
	O-H
	3265.70
	3200-3550

	2.
	C=H
	2926.85
	2850-3000

	3.
	C-N
	1030.13
	1000-1250

	4.
	S-S
	521.13
	500-540



Table 3: Evaluation Of Hydrogel SNHG

	EVALUATION PARAMETER
	SNHG

	Physical appearance
	Clear and transparent

	Colour
	Light brown

	Odour
	Pleasant

	Viscosity
	103.4cps

	Ph
	5.9

	Microbial contamination 
	39cfu

	Spreadability test
	5.2cm




Table 4: Effect of SNHG on PASI score:

	GROUPS
	PASI SCORE

	
	DAY-12
	DAY-24

	CONTROL
	0.0±0.0
	0.0±0.0

	NEGATIVE CONTROL
	2.46±0.08
	3.33±0.08

	STANDARD
	2.83±0.20**
	0.16±0.08**

	SNHG(6 gms)
	2.63±0.31
	0.60±0.10**











 



Table 5: Effect of SNHG and GPHG on TNFα levels:

	GROUPS
	TNF α (pg/mL)

	
	DAY-12
	DAY-24

	CONTROL
	53.4±3.55
	57.8±5.41

	NEGATIVE CONTROL
	433±41.05
	380.4±23.62

	STANDARD
	425.4±32.9**
	61±3.66**

	SNHG(6 gms)
	364.4±53.62**
	73.8±5.94**
















Table-6 Effect of SNHG on serum albumin levels
      
	GROUPS
	SERUM ALBUMIN (mg/mL) MEAN±SEM

	CONTROL
	35.34±2.34

	NEGATIVE CONTROL
	24.70±1.27

	STANDARD
	30.90±0.60**

	SNHG(6gm)
	28.54±0.73**



                                           



 Table 7 Effect of SNHG on IL-10(pg/ml)
	GROUPS
	IL-10(pg/ml)
MEAN±SEM

	            CONTROL
	4.744±0.23

	NEGATIVE   CONTROL
	8.562±0.33

	STANDARD
	5.098±0.37**

	SNHG(6 gms)
	5.26±0.26**
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                                Figure 1- Hydrogel of SNHG
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                                      Figure-2 IR SPECTROSCOPY OF S. nigrum FRUIT

               
                            GRAPH-1 Effect of SNHG on PASI SCORE

                          
                                     GRAPH-2 Effect of SNHG  on TNF ALPHA LEVELS
             
                             

                                    
                               GRAPH-3 Effect of SNHG on SERUM ALBUMIN

           

                     
                                                    GRAPH-4 Effect of SNHG on IL-10
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                            Figure 3- Effect of SNHG on imiquimod-induced psoriasis
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