
Vol.64: e21200783, 2021 
https://doi.org/10.1590/1678-4324-2021200783 

ISSN 1678-4324 Online Edition 
 

 

 
Brazilian Archives of Biology and Technology. Vol.64: e21200783, 2021 www.scielo.br/babt 

 
Article – Human and Animal Health  

In vitro Antioxidant Activity and In vivo Anti-
inflammatory Effect of Ricinus communis (L.) and 
Withania somnifera (L.) Hydroalcoholic Extracts in Rats 

Asif Hussain1 

https://orcid.org/0000-0002-8026-6110 

Bilal Aslam*1 
https://orcid.org/0000-0003-3383-8961 

Faqir Muhammad1 
https://orcid.org/0000-0001-9930-4204 

Muhammad Naeem Faisal1 
https://orcid.org/0000-0001-6448-9325 

University of Agriculture, Faisalabad, Institute of Physiology and Pharmacology, Faisalabad, Punjab, Pakistan  

Editor-in-Chief: Alexandre Rasi Aoki 
Associate Editor: Acácio Antonio Ferreira Zielinski 

Received: 2020.12.14; Accepted: 2021.10.18. 

*Correspondence: cba933@gmail.com; Tel.: +92-41-9200161-71; Mob.: +92-300-5013800 (B.A.). 

 

Abstract: Ricinus communis L. and Withania somnifera L. have traditionally been used as analgesic and 

anti-inflammatory remedies. The current study was aimed to evaluate the in vitro antioxidant potential and 

anti-inflammatory activity of hydroalcoholic extract of R. communis leaves (RCE) and W. somnifera roots 

(WSE) in Wistar rats. Total phenolic and flavonoid contents were quantified and in vitro antioxidant activity of 

extracts was determined through DPPH* scavenging, superoxide anion scavenging and reducing power 

activities, while anti-inflammatory activity was observed by xylene-induced ear edema and paw edema 

induced by egg albumin and carrageenan. RCE and WSE demonstrated considerable antioxidant activity in 

DPPH* scavenging (IC50: 250.10 and 309.42 µg/mL), superoxide anion scavenging (IC50: 193.42 and 206.81 

ug/mL), and reducing power (maximum absorbance: 1.47±0.01 O.D and 1.28±0.01 O.D at 500 ug/mL) 

activities, respectively, with high phenolic and flavonoid contents. Both extracts showed dose-dependent 

edema inhibition in inflammation models. A maximum ear edema inhibitions by RCE (51.49±2.54%) and WSE 

(49.28±1.90%) at 500 mg/kg were observed when compared to indomethacin (56.42±13.17%) in xylene-

HIGHLIGHTS 
 

 Ricinus communis and Withania somnifera extracts contain considerable polyphenol compounds. 

 R. communis and W. somnifera extracts showed significant in vitro antioxidant activities. 

 R. communis and W. somnifera extracts markedly inhibited xylene-induced ear edema in rats. 

 Both herbal extracts significantly reduced paw edema induced by egg albumin and carrageenan. 
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induced ear edema. RCE and WSE showed a maximum percentage of paw edema inhibitions of 

46.62±8.98% and 43.00±12.44%, respectively as compared to chlorpheniramine (62.02±12.21%) after 4 h in 

the egg albumin model. In carrageenan-induced paw edema, RCE (72.88±13.79%) significantly inhibited paw 

edema in comparison to WSE (57.81±17.43%) against diclofenac (89.93±18.53%). Conclusively, both plants 

have shown plausible antioxidant and anti-inflammatory activities that might be due to high phenolic and 

flavonoid contents. Moreover, RCE demonstrated more promising effects than WSE. 

Keywords: Ricinus communis; Withania somnifera; Antioxidants; Inflammation; Carrageenan. 

INTRODUCTION 

Inflammation can be described as a complex body response to injurious stimuli like pathogens, irritants, 
or damaged cells [1]. Inflammatory responses are generated and maintained through the interactions of 
inflammatory mediators, such as histamine, kinins, cytokines, eicosanoids, calcitonin gene-related peptide, 
substance-P, and platelet-activating factor, derived from leukocytes and damaged tissues. The primary 
manifestations of inflammation are the infiltration of leukocytes and the formation of edema. Edema formation 
is a consequence of an inflammatory mediator’s interaction that promotes vascular permeability and blood 
flow [1,2]. Various synthetic drugs such as NSAIDs have good efficacy in inflammatory conditions but also 
exert some deleterious effects including gastrointestinal problems [3]. Hence, herbal remedies have always 
been important in Asian countries.  

Medicinal plants have a significant role in sustaining human health in developing countries due to lack 
of primary healthcare facilities, poverty, increased demand for inexpensive medicines, and drug-associated 
fewer side effects [4]. Plants provide a source of bioactive compounds that possess pharmacologically 
important properties [5]. Antioxidants neutralize free radical species that are generated as byproducts of 
normal biochemical processes in the body [6]. Excessive production of free radicals in cells causes oxidative 
stress, subsequently damages the essential macromolecules which lead to inflammatory and degenerative 
conditions [7]. Phytocompounds found in medicinal plants exert free radical scavenging and anti-
inflammatory activities. Secondary metabolites of plants that exhibit biological activities are alkaloids, 
carotenoids, phenols, flavonoids, coumarins, quinones, tannins, and stilbenes [8].   

Ricinus communis L., also known as Castor oil plant, is a part of spurge Euphorbiaceae family that can 
be found throughout Asian countries and is widely cultivated for castor oil in warm and tropical regions of the 
world. The perennial shrub can grow up to 6 m in height. The plant has been a therapeutic agent since ancient 
times due to its effectiveness in treating various diseases and disorders [9]. Various parts of R. communis 
(flower, fruit, seeds, leaves, roots, and stem) have versatile uses in different aspects of life. Seed oil is being 
used in the preparation of lubricants, greases, varnishes, enamels, paints, oiled fabrics, and printing inks. Oil 
derived from leaves effectively relieves flatulence in infants. Also, powdered leaves are externally applied in 
the form of poultice on boils, sores, and swellings. A decoction or infusion of leaves is used for relieving 
stomach ache, improve lactation, and has anti-bacterial and antifungal activities. A variety of phytochemicals 
such as gallic acid, quercetin, triterpenoids, ingenol, kaempferol, catechin, epicatechin, gentisic acid, 
ricinoleic acid, linoleic acid, camphor, athujone, and β-thujone have been reported in different parts of R. 
communis [10]. Various parts of R. communis have been used to treat liver disorders and inflammation. It is 
also employed to treat cold, constipation, and several types of tumors, and is used as a contraceptive and 
hypoglycemic herbal medicine. Also, several studies reported anti-microbial, antifertility, anti-diabetic, anti-
arthritic, hepatoprotective, anti-carcinogenic, and laxative properties of R. communis leaves [11-13].  

Withania somnifera L., (Solanaceae family) is widely cultivated in Asia, Africa, and the Mediterranean 
regions for its medicinal purposes. It is commonly known as Ashwagandha in the Unani medicine system. 
The plant is an evergreen shrub that can reach the height of 30-150 cm. The roots of W. somnifera are 
collected from January to March. The use of freshly collected and dried roots is preferred because it loses its 
potential within two years of collection [14]. Leaves and roots of W. somnifera are mainly used in crude or 
purified form to treat bronchitis, asthma, skin infections, gastrointestinal disorders, and inflammatory 
diseases. In addition, anti-diabetic, anti-tumor, anti-depressant, cardio-protective, hepatoprotective, 
neuroprotective, and immune-modulatory activities are also reported [13,15,16]. The pharmacological 
activities of W. somnifera are due to the presence of phytochemicals include alkaloids, anthocyanins, 
glycosides, carotenoids, flavonoids, lignins, steroids, phytosterols, tannins, amino acids, reducing sugars, 
and starch. Withanolides such as withanolide-A, withaferin-A, sitoinoside (IX, X) are the main reported 
alkaloidal constituents of this plant [14].  

The scientific studies are mostly comprised of in vitro and/or in vivo experiments to investigate the 
potential therapeutic efficacy of medicinal plants based on their traditional uses [17]. The literature review 
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revealed the noteworthy traditional uses of R. communis and W. somnifera in several inflammatory conditions 
[9,10,13,14]. In this regard, this study was designed to evaluate their in vitro antioxidant activity using DPPH 
radical, superoxide anion scavenging and reducing power assays, and anti-inflammatory activity in xylene, 
egg albumin and carrageenan-induced inflammation in Wistar rats. 

MATERIAL AND METHODS  

Drugs and chemicals 

Diclofenac sodium (Defnac®, Searle Pharmaceutical (Pvt.) Ltd., Pakistan), chlorpheniramine (Hamzivil®, 

Elite Pharma (Pvt.), Ltd., Pakistan), and indomethacin (Shirocin®, Wilshire Laboratories (Pvt.) Ltd.) were 

purchased. Chemicals include gallic acid, catechin, and ascorbic acid, and carrageenan (Sigma-Aldrich) were 

procured. All other chemicals of the analytical grade used in this research were purchased from a local 

scientific store.  

Plant collection and extract preparation 

Fresh leaves of R. communis and roots of W. somnifera were collected in March 2019 from the botanical 

garden of University of Agriculture, Faisalabad (UAF). The specimens were deposited to the Department of 

Botany, UAF for future reference (Herbarium no.; Ricinus communis: 212-1-19, Withania somnifera: 212-2-

19). The extraneous parts of both plant materials were removed, rinsed thoroughly, shade dried for two weeks 

and pulverized to get uniform powder. Extracts were prepared by macerating 200 g of the powdered plant in 

5 L of solvent mixture (water: ethanol, 30:70 v/v) at room temperature for 5 days with vigorous shaking at 

regular intervals [13]. Then, extracts were filtered (Whatman filter paper no. 1) and concentrated at 40-60oC 

using a rotary evaporator (Heizbad Hei-VAP, Heidolph, Germany). The extraction yields of obtained R. 

communis (RCE) and W. somnifera (WSE) extracts were 19.3% and 13.8% (w/w), respectively. 

Estimation of total phenolic content (TPC)  

RCE and WSE were analyzed for the estimation of TPC using the Folin and Ciocalteu method [18]. About 

50 mg of each concentrated extract was added to 0.5 mL of Folin-Ciocalteu reagent, diluted with 7.5 mL of 

double-distilled water, and incubated for 10 min at room temperature. Then, 1.5 mL of Na2CO3 (20% w/v) 

was mixed with the reaction mixture, heated for 20 min at 40oC in a water bath, and immediately cooled in 

an ice bath. The appearance of a blue color complex in the reaction mixture was spectrophotometrically 

(Thermo Scientific Multiskan GO™) analyzed at 765 nm. The calibration curve (y=0.0055x+0.0987, 

R2=0.9986) of gallic acid as standard was used for the quantification of TPC of extracts. The experiments 

were performed in triplicates and results were averaged.   

Estimation of total flavonoid content (TFC) 

The quantification of TFC of extracts was done using the spectrophotometric method [18]. In short, 1 mL 

of each extract was diluted with 4 mL of double distilled water and mixed with 0.3 mL of NaNO2 solution (5%). 

About 0.3 mL of AlCl3 (10%) was added at 5 min and 2 mL of 1M NaOH was added to the mixture after 6 

min. Further, reaction mixtures were diluted with 2.4 mL of double-distilled water, and absorbencies were 

taken at 510 nm. The calibration curve (y=0.0038x+0.0285, R2=0.9835) of catechin as standard was used to 

calculate the TFC of each extract. Triplicate readings were taken and averaged results were obtained.    

In vitro antioxidant assays 

DPPH free radical scavenging assay  

A method previously described [19] was applied with some modification to estimate the free radical 

scavenging potential of RCE and WSE. Various concentrations (100, 200, 300, 400, and 500 µg/mL) of each 

plant extract and ascorbic acid as standard were prepared in methanol. About 0.5 mL of freshly prepared 

methanolic solution of DPPH (0.002%) was added to 2 mL of each test solution and incubated at room 

temperature for 15 min and subsequently, absorbencies were taken at 517 nm. Similarly, a blank solution 

was prepared by adding the same quantities of DPPH and methanol, except for plant extract. Experiments 

were performed in triplicates and free radical scavenging activity was determined by the given formula [20]:     

Scavenging activity (%) = [(Abs. Control - Abs. Sample)/ Abs. Control] x 100                               [1] 
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The IC50 values were calculated by plotting scavenging activities (%) of various concentrations of 

extracts.  

Superoxide anion scavenging activity  

The antioxidant capacity of RCE and WSE was determined by superoxide anion scavenging activity 

assay [21]. Briefly, different concentrations (100-500 µg/mL) of each plant extract were prepared and 1 mL 

of each sample was well mixed with PO4 buffer (500 µL, 50 mM, pH 7.6), nitroblue tetrazolium (100 µL, 0.5 

mM), phosphor-methazine sulfate (250 µL, 20 mM) and riboflavin (300 µL, 50 mM).  The reaction mixtures 

were kept under a fluorescent lamp for 20 min to initiate the reaction and absorbance was taken at 560 nm 

using a spectrophotometer. The absorbance of ascorbic acid as standard was measured. The percentages 

of scavenging activity were determined and used to calculate IC50 (inhibition concentration). 

Scavenging activity (%) = [(1 - Abs. Sample)/ Abs. Control] x 100                                    [2] 

Reducing power assay  

Reducing power capacity of RCE and WSE was estimated [22]. Antioxidants reduce potassium 

ferricyanide (Fe3+) to potassium ferricyanide (Fe2+), which forms a ferric-ferrous complex by reacting with 

ferric chloride. The increased reducing capacity of the sample can be indicated by increase conversion of 

Fe3+ to Fe2+ ion and an increase in the corresponding absorbance. In short, 2 mL of different concentrations 

(100-500 µg/mL) of RCE and WSE were added to 2 mL of potassium ferricyanide (1%), 2 mL of phosphate 

buffer (0.2 M, pH 6.6), and incubated at 45oC for 30 min. Further, 2 mL of TCA was mixed and reaction 

mixtures were centrifuged at 3000 xg for 10 min. About 2 mL of supernatant from each tube was further mixed 

with 0.4 mL of ferric chloride (0.1% w/v) and 2 mL of distilled water. The absorbance of samples and ascorbic 

acid as standard were taken at 700 nm using a spectrophotometer. 

In vivo anti-inflammatory studies 

Animals 

Female Wistar rats (body weight ranging from 160 to 200 g) were purchased and kept at an animal house 

facility located at the Institute of Microbiology, University of Agriculture, Faisalabad-Pakistan. Before conduct 

in vivo study, all animals were acclimatized for one week giving a standard feed, freshwater ad-libitum, and 

maintaining 25±2oC room temperature, 40-60% humidity and 12 h light/dark cycle. Approval was granted by 

the Institutional Biosafety Committee (IBC) of University of Agriculture, Faisalabad-Pakistan (D. No. 

3498/ORIC) to conduct this study. All animals were cared for according to the National Institute of Health 

guidelines (NIH publication no. 85-23, revised 1996). 

Xylene-induced ear edema  

A method devised by Hosseinzadeh [23] was applied with some modifications to observe the anti-

inflammatory activity of RCE and WSE in xylene-induced ear edema. All rats were allocated to eight groups 

(n=6) and treated orally as control (3 mL/kg of normal saline), indomethacin (10 mg/kg), and extracts 

administered at 150, 250, and 500 mg/kg, respectively. After 30 min, the left ear of each animal was set as 

control while 30 µL of xylene was injected into the inner surface of the right ear. All rats were decapitated 

after 2 h and spherical sections of 7 mm diameter of both ears were collected using a cork borer. The effect 

of treatments was determined by finding the difference between both ears and percentages of inhibition were 

calculated by the given formula: 

Edema inhibition (%) = [(Wt. difference Control - Wt. difference Treated)/Wt. difference Control] x 100        [3] 

Egg albumin-induced paw edema  

The anti-inflammatory effect of RCE and WSE was observed in egg albumin-induced paw edema in 

Wistar rats [24]. Briefly, experimental rats were randomly divided into eight groups (n=6) and treated as 

control (3 mL of normal saline), chlorpheniramine (60 mg/kg), and with three doses (150, 250, and 500 

mg/kg) of each extract. After 1 h of oral administration of treatments, 0.1 mL of 20% egg albumin solution 

prepared in normal saline was injected into the sub-plantar surface of the hind paw of all experimental 
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rats. Pre- and post-injection (0.5, 1, 2, 3, 4 h) paw thickness was measured using a digital vernier 

caliper, and percentages of inhibition were calculated as:   

Change in paw edema (E) = Paw thicknessAfter – Paw thicknessInitial                                               [4] 

  Edema inhibition (%) = [(EControl - ETreated)/ EControl] x 100                                                  [5] 

Where EControl is a change in paw edema of the control group and ETreated is a change in paw edema of 

the treated group. 

Carrageenan-induced paw edema  

Anti-inflammatory activity of different doses of RCE and WSE was further assessed in carrageenan-

induced paw edema in Wistar rats [25]. Experimental rats were allocated to eight groups (n=6) and pre-

treated as control (normal saline; 3 mL/kg), diclofenac (50 mg/kg), and RCE and WSE given at 150, 250 and, 

500 mg/kg. All treatments were given orally 30 min before subplantar injection of 100 µL of carrageenan (1% 

w/v) in the hind paw of all groups. Post-injection increase in paw thickness was measured at 1, 2, 3, 4, and 

6 h using a digital vernier caliper, and percentages of edema inhibition were calculated as previously 

described [26]. 

Statistical analysis  

The obtained data were statistically analyzed by GraphPad Prism® 6 software and expressed as 

mean±SD values. In vitro assays were performed in triplicates (n=3) while in vivo studies were conducted on 

six animals per group. One-way and two-way ANOVA and post-hoc Tukey’s tests were applied to determine 

the statistical difference (p<0.05). 

RESULTS AND DISCUSSION 

Total phenolic and flavonoid contents 

Polyphenols are natural phytocompounds that can be categorized into phenolic acids, flavonoids, lignins, 

and stilbenes [27]. Chronic inflammation is considered to be an underlying cause of obesity, diabetes type-

2, arthritis, cancer, and cardiovascular and neurodegenerative diseases. In this regard, the anti-inflammatory 

property of polyphenols could be attributed to their antioxidant activity, in addition to their potential to 

modulate the expression of pro-inflammatory factors such as cyclooxygenase, lipoxygenase, and nitric oxide 

synthases, multiple cytokines, and immune cell population [28]. Previous studies reported that polyphenol-

rich medicinal plants and isolated phytochemicals have shown antioxidant, anti-inflammatory, 

immunomodulatory, hepatoprotective, and anti-diabetic activities possibly through reducing oxidative stress 

[29-32]. Therefore, the determination of total phenolic and flavonoid contents of extracts is worthwhile in this 

study. A considerably high phenolic and flavonoid contents were quantified in RCE in contrast to WSE. Total 

phenolic content found in RCE was 197.43±2.86 mg GAE/g and 183.37±1.86 mg GAE/g in WSE. The RCE 

and WSE showed the presence of 68.82±1.59 mg CE/g and 44.02±1.23 mg CE/g, respectively of total 

flavonoid content.  

In vitro antioxidant activity  

DPPH* radical scavenging potential of extracts 

DPPH* is among various free radicals that are commonly used to test the free radical scavenging activity 

of plant extracts as well as pure compounds [33]. The ability to scavenge DPPH radical is an estimation of 

lipid peroxidation inhibition. Antioxidants neutralize the free radical character of DPPH* by either transferring 

an electron or a hydrogen atom [34]. The reducing potential of compounds could indicate the possible 

antioxidant property [35]. Results of the present study indicated a gradual increase in scavenging activity with 

the increase of extract concentration. The RCE and WSE demonstrated concentration-dependent DPPH* 

radical scavenging activity from 100 to 500 µg/mL in DPPH assay with significantly (p<0.001) higher 

scavenging activity of RCE than WSE as shown in Figure 1. The inhibitory percentages were 26.64±0.71 at 

100 µg/mL to 77.12±0.70 at 500 µg/mL for RCE, and for WSE these were 21.22±0.73 at 100 µg/mL to 

70.09±0.68 at 500 µg/mL. The respective IC50 values of RCE and WSE were 250.10 µg/mL and 309.42 µg/mL 

in comparison to 25.60 µg/mL of ascorbic acid. 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4


6 Hussain, A.; et al.  
 

 
Brazilian Archives of Biology and Technology. Vol.64: e21200783, 2021 www.scielo.br/babt 

 
Figure 1. Antioxidant activity of RCE and WSE evaluated by DPPH* radical scavenging assay. Values are presented 
as mean±SD (n=3). ***p<0.001 significant difference of RCE and WSE from AA; ###p<0.001 significant difference 
between RCE and WSE. AA: ascorbic acid, RCE: R. communis extract, WSE: W. somnifera extract.  

Superoxide anion scavenging activity of extracts 

Superoxide anions are well known to damage biomolecules either directly or indirectly by producing –

OH, H2O2, singlet oxygen, or peroxynitrite during aging and pathological conditions like ischemic reperfusion 

injury. It has also been observed that superoxides directly involve lipid peroxidation [36,37]. The antioxidant 

potential of RCE and WSE was assessed. A marked increase in superoxide anion scavenging activity of both 

extracts was seen with the increase in concentrations of extracts. The increased scavenging activity observed 

as concentration-dependent inhibition from 17.46±0.23 at 100 µg/mL to 59.76±0.24 at 500 µg/mL for RCE 

and 13.97±0.18 at 100 µg/mL to 54.23±0.57 at 500 µg/mL for WSE (Figure 2). RCE demonstrated 

significantly (p<0.001) high scavenging activity as compared to WSE. The IC50 value of RCE (193.42 µg/mL) 

and WSE (206.81 µg/mL) were found in comparison to ascorbic acid (40.36 µg/mL). The higher inhibitory 

activity of both extracts on superoxide anion production observed in the present study could render them 

potent antioxidants. 

 

 
Figure 2. Antioxidant activity of RCE and WSE determined by superoxide anion scavenging assay. Values are 
presented as mean±SD (n=3). ***p<0.001 significant difference of RCE and WSE from AA; ###p<0.001 significant 
difference between RCE and WSE. AA: ascorbic acid, RCE: R. communis extract, WSE: W. somnifera extract.  

Reducing power capacity of extracts 

The ability of natural antioxidants to donate electrons is usually determined by reducing power activity 
[38]. It is previously established that the reducing power of plants and their antioxidant activities is directly 
correlated [39]. In this study, the reducing power activity of RCE and WSE consistently increased with the 
increase in the concentration of extracts from 100 µg/mL to 500 µg/mL as shown in Figure 3. As compared 
to WSE (1.28±0.01 O.D), RCE (1.47±0.01 O.D) exhibited higher absorbance at 500 µg/mL. Meanwhile RCE 
showed significantly (p<0.001) increased reducing potential than WSE.   
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Figure 3. Antioxidant activity of RCE and WSE evaluated by reducing power assay. Values are presented as mean±SD 
(n=3). ***p<0.001 significant difference of RCE and WSE from AA; #p<0.05, ###p<0.001 significant difference between 
RCE and WSE. AA: ascorbic acid, RCE: R. communis extract, WSE: W. somnifera extract. 

In vivo anti-inflammatory activity of extracts 

Animal models are commonly employed strategies to understand the pathophysiological features of any 

disease in an attempt to develop new drugs for their treatment [40]. In the present study, the anti-inflammatory 

activities of RCE and WSE were evaluated using xylene-induced ear edema and paw edema induced by egg 

albumin and carrageenan models in Wistar rats. 

Effect of extracts on xylene-induced ear edema 

Ear edema induced by xylene is commonly used as an acute inflammation model. The release of 

inflammatory mediators promotes vasodilation and increases vascular permeability, consequently produces 

ear edema [23]. Results of the present study showed the anti-inflammatory activity of RCE and WSE in 

xylene-induced ear edema (Table 1). It was noticed that treatment with graded doses of both extracts 

markedly inhibited ear edema in a dose-dependent manner. Both plants demonstrated significant (p<0.001) 

edema inhibition at 500 mg/kg comparable to indomethacin. Xylene-induced edema partially involves the 

release of substance-P, increase in capillary permeability, and infiltration of leukocytes, suggesting the 

possible inhibitory effect of plant extracts on the release of bradykinins and substance-P during the initial 

neurogenic phase. Therefore, anti-inflammatory activity of RCE and WSE might be referring to neurogenic 

inflammation [41]. 

Table 1. Anti-inflammatory effect of RCE and WSE on xylene-induced ear edema. 

Treatment Dose Difference (mg) Inhibition (%) 

Control (vehicle) 3 mL/kg 7.71±0.28 --- 
Indomethacin 10 mg/kg 3.36±0.15*** 56.42±1.79 
RCE 150 mg/kg 6.12±0.21***### 20.62±2.62### 
RCE 250 mg/kg 4.41±0.11***### 42.80±2.60### 
RCE 500 mg/kg 3.74±0.19***# 51.49±2.54 
WSE 150 mg/kg 6.30±0.10***### 18.29±2.43### 
WSE 250 mg/kg 5.18±0.33***### 32.81±4.94### 
WSE 500 mg/kg 3.91±0.13***## 49.28±1.90## 

Values are presented as mean±SD (n=6). Significant difference (***p<0.001) of treatments from Control group; 
Significant difference (#p<0.05, ##p<0.01, ###p<0.001) of RCE and WSE treated groups from Indomethacin. RCE: R. 
communis extract, WSE: W. somnifera extract.  

Effect of extracts on egg albumin-induced paw edema 

Egg albumin-induced paw edema model is commonly adopted to evaluate the anti-edematogenic and 

anti-inflammatory activities of medicinal plants [42]. This inflammation model comprises the initial phase of 

the upsurge of histamine, serotonin, and bradykinins, and the release of prostaglandins in the later phase [1]. 

The anti-inflammatory potential of RCE and WSE was observed using egg albumin as phlogistic agent-

induced paw edema to further establish the anti-inflammatory activity of extracts in comparison to 

chlorpheniramine as a standard drug. The present study showed that treated rats with RCE and WSE 
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demonstrated significant (p<0.001) inhibition of paw edema from 0.5 h to 4 h. Extracts of both plants exhibited 

dose-dependent as well as time-dependent edema inhibitory effects and they demonstrated maximum 

inhibition after 4 h of study. In contrast to edema inhibition of chlorpheniramine (62.02±12.21%), maximum 

inhibitory effects of RCE (34.73±9.41%, 45.66±12.82%, and 46.62±8.98%) and WSE (32.25±12.48%, 

39.73±14.19%, and 43.00±12.44%) were noticed at 150, 250, and 500 mg/kg dose after 4 h as mentioned in 

Table 2. Results are in concordance with the previous study [43] that showed the polyphenol-rich extract of 

Piper guineense extract markedly reduced paw edema by inhibiting the inflammatory agent-induced 

formation of prostaglandins and kinins at the level of phospholipase A2 and cyclooxygenase which occurs 

during the second phase of inflammation. Edema inhibition in the first phase of inflammation after extracts 

administration also indicated an inhibitory effect on serotonin and histamine secretion. 

 

 

Table 2. Anti-inflammatory effect of RCE and WSE on egg albumin-induced paw edema. 

Treatment Paw edema (mm)/(% Inhibition) 

Pre-
treated 

Post-treated 

0.5 h 1 h 2 h 3 h 4 h 

Control 5.30±0.21 8.19±0.10 9.21±0.23 9.01±0.17 8.79±0.26 8.36±0.29 
CPM (60 
mg/kg) 

5.40±0.16 6.84±0.29*** 
(50.13±11.32) 

7.24±0.27*** 
(52.78±8.21) 

7.11±0.30*** 
(53.59±10.14) 

6.92±0.35*** 
(56.42±13.17) 

6.56±0.28*** 
(62.02±12.21) 

RCE (150 
mg/kg) 

5.38±0.11 7.84±0.37### 
(15.57±12.86###) 

8.21±0.27***### 
(27.62±7.20##) 

8.04±0.29***### 
(28.41±6.46##) 

7.72±0.26***### 
(32.95±10.73##) 

7.37±0.20***### 
(34.73±9.41###) 

RCE (250 
mg/kg) 

5.35±0.19 7.36±0.20***# 
(30.52±7.47#) 

7.91±0.24***## 
(34.07±11.23) 

7.67±0.23***# 
(36.93±10.25) 

7.34±0.29*** 
(42.85±11.60) 

7.00±0.26*** 
(45.66±12.82) 

RCE (500 
mg/kg) 

5.30±0.21 7.16±0.21*** 
(35.98±3.98) 

7.69±0.46*** 
(38.87±10.31) 

7.50±0.44*** 
(41.09±8.79) 

7.28±0.44*** 
(43.70±10.66) 

6.95±0.43*** 
(46.62±8.98) 

WSE (150 
mg/kg) 

5.33±0.19 7.94±0.42### 
(10.32±13.72###) 

8.17±0.43***### 
(27.81±7.96##) 

8.02±0.42***### 
(27.99±7.79##) 

7.75±0.40***### 
(30.73±12.49##) 

7.41±0.40***### 
(32.25±12.48###) 

WSE (250 
mg/kg) 

5.40±0.16 7.53±0.23**## 
(26.19±7.01##) 

8.04±0.42***### 
(31.89±11.76#) 

7.81±0.44***## 
(34.33±13.94#) 

7.42±0.44*** 
(41.64±14.60) 

7.23±0.23***## 
(39.73±14.19##) 

WSE (500 
mg/kg) 

5.37±0.23 7.32±0.19*** 
(31.51±9.51) 

7.82±0.26***# 
(36.01±12.78) 

7.60±0.25*** 
(38.79±10.41) 

7.39±0.22*** 
(41.07±11.56) 

7.08±0.25*** 
(43.00±12.44#) 

Values are presented as mean±SD (n=6). Significant difference (**p<0.01, ***p<0.001) of treatments from Control group; 
Significant difference (#p<0.05, ##p<0.01, ###p<0.001) of RCE and WSE treated groups from Chlorpheniramine-treated 
group. CPM: Chlorpheniramine, RCE: R. communis extract, WSE: W. somnifera extract. 

 
 

Effect of extracts on carrageenan-induced paw edema 

The carrageenan-mediated biphasic inflammatory response is arbitrated by an upsurge of histamine, 

kinins, and serotonin in the initial phase and release of acute inflammation associating prostaglandins [44]. 

RCE and WSE were assessed for their anti-inflammatory activities using carrageenan-induced paw edema. 

Rats treated with different doses of extracts significantly (p<0.001) inhibited paw edema from 1 h to 6 h of 

the study showing maximum percentages of inhibition after 4 h. The highest dose of each plant extract 

showed maximum edema inhibition that was comparative to the diclofenac. RCE and WSE may produce an 

anti-inflammatory effect by blocking the synthesis of prostaglandins as well as inhibit the cyclooxygenase 

pathway similar to the action of diclofenac. Results mentioned in Table 3 indicating that pretreatment with 

different doses of extracts significantly prevented an increase in paw edema in comparison to the control 

group. Percentages of edema inhibition of RCE (36.43±21.09%, 61.27±23.88%, and 72.88±13.79%) and 

WSE (33.15±30.32%, 50.04±20.27%, and 57.81±17.43%) at the dose of 150, 250 and 500 mg/kg, p.o., were 

observed after 6 h of carrageenan injection, meanwhile, diclofenac showed 89.93±18.53% inhibition. The 

anti-inflammatory activity of both extracts corroborates the previous study [45] which reported the inhibitory 

effect on pro-inflammatory cytokines (TNF-α, IL-1β, and IL-6) and mast cell proliferation, as well as a 

reduction in oxidative stress-related biomarkers in carrageenan, injected localized tissue pretreated with 

antioxidants containing grape seeds extract.  
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Table 3. Anti-inflammatory effect of RCE and WSE on carrageenan-induced paw edema. 

Treatment Paw edema (mm)/(% Inhibition) 

Pre-
treated 

Post-treated 

1 h 2 h 3 h 4 h 6 h 

Control 5.11±0.18 7.77±0.01 7.82±0.18 7.57±0.24 7.29±0.23 6.49±0.10 
Diclofenac 
(50 mg/kg) 

5.05±0.22 5.99±0.41*** 
(61.86±22.44) 

5.82±0.32*** 
(70.69±16.26) 

5.69±0.18*** 
(73.18±13.11) 

5.47±0.19*** 
(80.52±13.43) 

5.18±0.16*** 
(89.93±18.53) 

RCE (150 
mg/kg) 

5.20±0.35 6.76±0.19***### 
(38.37±20.52#) 

6.64±0.18***### 
(45.39±15.53#) 

6.62±0.23***### 
(40.50±15.77##) 

6.35±0.30***### 
(45.59±18.22##) 

6.09±0.32### 
(36.43±21.09###) 

RCE (250 
mg/kg) 

5.44±0.22 6.59±0.21***##  
(54.30±20.66) 

6.36±0.19***##  
(65.68±14.23) 

6.21±0.28***#  
(67.23±21.41) 

6.09±0.17***##  
(68.71±18.43#) 

5.96±0.21*###  
(61.27±23.88#) 

RCE (500 
mg/kg) 

5.37±0.11 6.32±0.35***  
(62.84±17.76) 

6.27±0.36***  
(67.22±8.61) 

6.15±0.35*** 
(68.51±10.42) 

6.01±0.32***#  
(71.13±11.47#) 

5.74±0.23***##  
(72.88±13.79#) 

WSE (150 
mg/kg) 

5.30±0.32 6.86±0.22***### 
(38.79±16.72#) 

6.70±0.19***### 
(46.83±13.30#) 

6.68±0.23***### 
(42.36±14.43##) 

6.42±0.18***### 
(46.78±17.13##) 

6.18±0.27###  
(33.15±30.32###) 

WSE (250 
mg/kg) 

5.24±0.32 6.48±0.19***#  
(51.14±18.51) 

6.39±0.21***##  
(55.89±19.34) 

6.35±0.28***### 
(52.72±23.90#) 

6.19±0.26***###  
(53.88±23.09#) 

6.04±0.23###  
(50.04±20.27##) 

WSE (500 
mg/kg) 

5.43±0.31 6.43±0.25***  
(62.26±7.03) 

6.29±0.27***#  
(68.23±9.57) 

6.20±0.32***# 
(69.35±10.22) 

6.18±0.33***###  
(66.28±9.31#) 

6.02±0.32*###  
(57.81±17.43#) 

Values are presented as mean±SD (n=6). Significance (*p<0.05, ***p<0.001) of treatments from Control group; 
Significant difference (#p<0.05, ##p<0.01, ###p<0.001) of RCE and WSE treated groups from Diclofenac-treated group. 
RCE: R. communis extract, WSE: W. somnifera extract. 

CONCLUSION 

The search for plant-based sources may help to bring new natural products into the food production, 

cosmetic and pharmaceutical industries. The present study findings suggest that R. communis leaves and 

W. somnifera roots contain considerable bioactive compounds responsible for significant free radicals 

scavenging activities in the in vitro assays and contribute to potent anti-inflammatory effects in chemical-

induced inflammation in experimental models. Conclusively, this study demonstrated that R. communis 

leaves and W. somnifera roots could be explored as a valuable source of new and potent phytocompounds 

with anti-inflammatory properties. In addition to conventional medicines, both plants may provide safe and 

effective therapeutic options for a variety of inflammatory disorders. 
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