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            Abstract

            
               
Eclipta alba Linn. (Asteraceae) is traditionally claimed and reported to possess antarthritic and anti-inflammatory activity. Wedelolactone,
                  an active constituent of Eclipta alba Linn responsible for its therapeutic effectiveness, is poorly water soluble and less bioavailable. Hence in the present study,
                  we proposed a SNEDDS formulation of wedelolactone rich extracts of Eclipta alba Linn. (EAF) and evaluated its effect in Freund's complete adjuvant (FCA) induced arthritis in rats.EAF reduced increase in
                  paw volume and hyperalgesia in 50, 100 and 200 mg/kg doses significantly. It restored all cytokines (Tumor Necrosis Factor-α,
                  Interleukin-1β and Interleukin-6); hematological and biochemical parameters altered due to FCA induction. The histopathology
                  further supported the potential of EAF in arresting the progress of the disease. It protected cartilage destruction and exudation
                  of inflammatory cells dose dependently. In conclusion, the EAF exhibited potent antarthritic potential due to the increased
                  bioavailability of wedelolactone and other constituents. The mechanism of action is mainly mediated through inhibition of
                  cytokines, anti-inflammatory and antioxidant potential of wedelolactone.
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               Introduction

            Rheumatoid arthritis is an autoimmune chronic inflammatory condition manifested as pain and stiffness joints due to cartilage
               destruction. The age group of 35 to 50 years is at higher risk but can occur at any age and affects 1% of the population globally
               (Mahdi, Khan, Asmawi, Mahmud, & Murugaiyah, 2018). The current treatment goals are pain management, prevention of joint inflammation, and suppression of cartilage destruction
               (Jiang et al., 2014). Research over the years and the discovery of newer agents have optimized the therapeutic approach for rheumatoid arthritis.
               
            

            Currently, available therapy includes analgesics, anti-inflammatory, glucocorticoids and disease-modifying anti-rheumatic
               drugs. Recently, the practice of biological agents has transformed the therapeutic outline of RA and improved the efficacy
               (Yang, Feng, Ding, F, & X, 2017). Still, the various side effects associated with biologicals and high cost drive many researchers to discover cost effective
               newer agents with more efficacy and fewer side effects. 
            

            Eclipta alba Linn. (Asteraceae) is one of the potential medicinal plants reported to have anti-inflammatory activity. The chemical composition
               of E. alba, includes alkenynes, alkaloids, flavonoids, steroids, saponins, coumestans, lipids, polyacetylene, phytosterol and triterpenes
               (Chung, Rajakumar, Lee, Kim, & Thiruvengadam, 2017). One of the constituents, wedelolactone found to possess a variety of activities like antiarthritic  (Atre, Arulmozhi, Sathiynarayanan, Dhapte, & Mahadik, 2020; Rao et al., 2020), anti-inflammatory  (Kobori, Yang, Gong, Heissmeyer, & Zhu, 2004; Tewtrakul, Subhadhirasakul, Tansakul, Cheenpracha, & Karalai, 2011)and antioxidant  (Unnikrishn, Fathima, Hashim, & Balachandr, 2007). However, wedelolactone is a poorly water soluble compound and it's reported to have poor absorption through the intestine
               with poor bioavailability  (Upadhyay, Gupta, & Dixit, 2012), which may influence the pharmacological activity of the extract. Hence it is worthwhile to design a formulation to increase
               the bioavailability of wedelolactone in the extract and, ultimately, the pharmacological activities.  
            

            Self nano emulsifying drug delivery system (SNEDDS) is a novel formulation comprising of an isotropic mixture of oil surfactant
               and co surfactant. It is specially designed to enhance the aqueous solubility and eventually absorption of poorly water soluble
               lipophilic drugs through the oral route. It is a preconcentrate when added in aqueous media, readily disperses with simple
               agitation to form a thermostable nanoemulsion  (Zhao et al., 2010). Prompted by the above fact, this study was aimed to prepare a SNEDDS of Eclipta alba Linn enriched with wedelolactone and evaluate preclinically in Freund's complete adjuvant (FCA) induced experimental arthritis.
               
            

         

         
               Materials and Methods

            
               Materials
               
            

            Labrasol (Caprylcaproyl Macrogol 8-Glycerides), labrafil M2125CS (Linoleoyl Polyoxyl-6 glycerides) and Labrafac WL 1349 were
               obtained as gift samples from Gattefosse Inc., Canada, tween 60 (Polyoxyethylene sorbitan monostearate), tween 80 (Polyoxyethylene
               sorbitan monooleate), tween 20 (Polyoxyethylene sorbitan monolaurate), span 80 (Sorbitan monooleate), span 20 (Sorbitan monolaurate)
               and propylene glycol were purchased from S.D. Fine Chem. Ltd., Mumbai, India. FCA (Sigma Aldrich, USA), etoricoxib (Zydus
               Cadila, Gujarat), Wedelolactone (Natural Remedies, India), biochemical diagnostic kits (Accurex Biomedical Pvt. Ltd.), ELISA
               kits (Ray Biotech Lexington, KY). 

            Animals  
            

            Animals were maintained with free access to feed and water at 12: 12 light: dark cycle. The approval of protocol was obtained
               (Approval No CPCSEA/28/2014) from Institutional Animal Ethics Committee (Registration Number: 1703/PO/c/13/CPCSEA).
            

            
               Methods
                
               
            

            
               Extraction and Enrichment of extract with active constituents
               
            

            The ethanolic extract (EEA) and wedelolactone rich extract of Eclipta alba Linn (WEA) was prepared as per previously reported methods  (Atre et al., 2020). 
            

            
               Quantification of Wedelolactone by High Performance Liquid Chromatography (HPLC)
               
            

            The solutions of wedelolactone (50µg/ml) and WEA (1000µg/ml) were prepared in methanol and quantification of wedelolactone
               in EEA and WEA were determined using a validated HPLC system (Jasco Corporation, Japan)  (Atre et al., 2020).  
            

            
               Formulation 
               
            

            Selection of lipid 
            

            200 mg WEA was added to 1 ml of lipid viz labrafac, labrafil and labrasol followed vertexing (Remi Mumbai, India) for 20 min
               to aid proper mixing and extraction in the lipids. The mixtures were kept stable at room temperature for 2 days. Subsequently
               centrifuged at 12000 rpm for 20 min and the supernatant was collected. The supernatant solution collected, which was then
               filtered through a Millipore membrane filter (0.45 µm) followed by dilution with methanol. The solubility was checked visually
               to get a clear solution. 
            

            Selection of surfactant 
            

            The surfactants Tween 20 (HLB=16.7), tween 60 (HLB=14.9) and tween 80 (HLB=15) were selected based on their efficiency to
               emulsify the specific lipid. To 1 ml of the selected lipid, surfactant at various volumes viz. 0.2,0.4,0.6 ml was added and
               mixed thoroughly. To study the ease of emulsification, 25 ml of distilled water was added to 25 µl of the mixture and the
               number of inversions of the volumetric flask needed to produce a uniform emulsion was recorded. The emulsions were kept for
               2 h and checked for stability.
            

            
               Selection of co-surfactant
               
            

            Various co-surfactants such as span 20 (HLB=8.6), span 80 (HLB=4.3), and propylene glycol (HLB=3.4) were selected in accordance
               with emulsification ability. To 1 ml of selected lipid, 0.6 ml surfactant was added and co-surfactants were mixed at various
               volumes viz. 0.2ml 0.4 ml and 0.6 ml. Distilled water was added to 25 µl of this mixture to make the final volume 25 ml. The
               ease of emulsion formation and stability were studied. 
            

            Preparation of SNEDDS 
            

            The finalized ratio 1:0.6:0.4 of labrafil: tween80: span 80 was selected for preparation of SNEDDS. To the tube containing
               200 mg WEA, 1 ml of labrafil, 0.6 ml of tween 80 and 0.4 ml of span 80 were added, the mixture was vortexed. The prepared
               EAF (SNEDDS formulation WEA) was stored in a tightly sealed glass bottle at 25°C. The stable formulation (EAF) was characterized
               in terms of dilution studies and self-emulsification time.
            

            
               Characterization of formulations
               
            

            
               Self emulsification time
               
            

             The 900 ml of distilled water was taken in the standard USP II dissolution apparatus (37.0 ± 0.5°C, 100rpm paddle speed).
               The formulation (1 ml) was added to this in a dropwise manner. The time taken for the complete disappearance of the formulation
               was noted. Further stability was assessed for the next 2h. 

            
               Robustness to dilution
               
            

            SNEDDS was diluted serially to 50, 100 and 1000 times with water in volumetric flask. These flasks were kept aside for 12h
               and observed for phase separation or precipitation. 
            

            
               Pharmacological Activity
               
            

            
               Acute toxicity studies
               
            

            The overnight fasted female rats (n=3) were administered 5mg/kg of EAF orally (OECD guidelines 425). Any behavioral change
               and autonomic profile of each animal was recorded after dosing with special care for the first 4 h and observed daily for
               14 days. The same test was performed for 50, 300and 2000 mg/kg of body weight.
            

            
               FCA induced arthritis 
               
            

            The female wistar rats were assigned into six groups (n=6). Group I was vehicle control (Blank formulation without extracts),
               Group II was arthritic control (treated with vehicle), Group III as standard was administered with 10 mg/kg etoricoxib (p.o.),
               Group IV, V and VI received 50, 100 and 200 mg/kg EAF (p.o.) respectively. On day 1, FCA (0.1 ml) was injected in the left
               hind paw (subplantar) of all animals of Group II to VI. The respective treatment (p. o) started from day 12 after the appearance
               of signs of arthritis.
            

            Body weight, paw volume and mechanical hyperalgesia were measured on days 0, 1, 4, 8, 12, 16, 20, 24 and 28th. Blood was withdrawn on day 28 under anesthesia by retro orbital puncture and hematology was determined. The serum was separated
               for estimation of various biochemical and cytokine levels  (Atre et al., 2020). For isolation of liver and ankle joints, animals were sacrificed by CO2 euthanasia. The liver homogenate was used for estimation of the antioxidant level, while ankle joints were sent for histopathology
               study  (Atre et al., 2020).
            

            

            
                  
                  Table 1

                  Effect of EAF on hematological, biochemical, cytokine and antioxidant parameters in FCA induced arthritis in rats

               

               
                     
                        
                           	
                              
                           
                           Groups

                           
                        
                        	
                              
                           
                           Vehicle control

                           
                        
                        	
                              
                           
                           Arthritic Control

                           
                        
                        	
                              
                           
                           Etoricoxib 10 mg/kg

                           
                        
                        	
                              
                           
                           EAF 50 mg/kg

                           
                        
                        	
                              
                           
                           EAF 100 mg/kg

                           
                        
                        	
                              
                           
                           EAF 200 mg/kg

                           
                        
                     

                  
                  
                        
                           	
                              
                           
                           Hematological parameters

                           
                        
                     

                     
                           	
                              
                           
                           ESR

                           
                        
                        	
                              
                           
                           8.33±

                           
                        
                        	
                              
                           
                           15.45±#

                           
                        
                        	
                              
                           
                           9.93±

                           
                        
                        	
                              
                           
                           14.00±

                           
                        
                        	
                              
                           
                           13.13±

                           
                        
                        	
                              
                           
                           11.25±

                           
                        
                     

                     
                           	
                              
                           
                           CRP

                           
                        
                        	
                              
                           
                           1.60±

                           
                        
                        	
                              
                           
                           7.18±#

                           
                        
                        	
                              
                           
                           3.68±

                           
                        
                        	
                              
                           
                           6.55±

                           
                        
                        	
                              
                           
                           5.72±

                           
                        
                        	
                              
                           
                           4.35±

                           
                        
                     

                     
                           	
                              
                           
                           Biochemical parameters

                           
                        
                     

                     
                           	
                              
                           
                           TP (gm/dL)

                           
                        
                        	
                              
                           
                           7.45±

                           
                        
                        	
                              
                           
                           5.625±#

                           
                        
                        	
                              
                           
                           6.525±

                           
                        
                        	
                              
                           
                           6.25±

                           
                        
                        	
                              
                           
                           6.625±

                           
                        
                        	
                              
                           
                           6.60±

                           
                        
                     

                     
                           	
                              
                           
                           AST (U/L)

                           
                        
                        	
                              
                           
                           41.17±

                           
                        
                        	
                              
                           
                           126.9±#

                           
                        
                        	
                              
                           
                           106.1±

                           
                        
                        	
                              
                           
                           118.5±

                           
                        
                        	
                              
                           
                           116.8±

                           
                        
                        	
                              
                           
                           113.0±

                           
                        
                     

                     
                           	
                              
                           
                           ALT (U/L)

                           
                        
                        	
                              
                           
                           52.34±

                           
                        
                        	
                              
                           
                           188.6±#

                           
                        
                        	
                              
                           
                           172.2±

                           
                        
                        	
                              
                           
                           180.6±

                           
                        
                        	
                              
                           
                           164.1±

                           
                        
                        	
                              
                           
                           155.9±

                           
                        
                     

                     
                           	
                              
                           
                           ALP (U/L)

                           
                        
                        	
                              
                           
                           74.94±

                           
                        
                        	
                              
                           
                           451.6±#

                           
                        
                        	
                              
                           
                           438.8±

                           
                        
                        	
                              
                           
                           441.0±

                           
                        
                        	
                              
                           
                           422.2±

                           
                        
                        	
                              
                           
                           400.3±

                           
                        
                     

                     
                           	
                              
                           
                           Cytokine levels

                           
                        
                     

                     
                           	
                              
                           
                           TNF- α(pg/ml)

                           
                        
                        	
                              
                           
                           38.33 ± 

                           
                        
                        	
                              
                           
                           121.2 ±#

                           
                        
                        	
                              
                           
                           115.8±

                           
                        
                        	
                              
                           
                           112.5 ±

                           
                        
                        	
                              
                           
                           100.2 ±

                           
                        
                        	
                              
                           
                           89.67 ± 

                           
                        
                     

                     
                           	
                              
                           
                           IL - 1β(pg/ml)

                           
                        
                        	
                              
                           
                           120.5±

                           
                        
                        	
                              
                           
                           428.9± #

                           
                        
                        	
                              
                           
                           410.5±

                           
                        
                        	
                              
                           
                           392.1± 3.19***

                           
                        
                        	
                              
                           
                           314.1± 

                           
                        
                        	
                              
                           
                           240.1± 

                           
                        
                     

                     
                           	
                              
                           
                           IL – 6(pg/ml)

                           
                        
                        	
                              
                           
                           142.2± 

                           
                        
                        	
                              
                           
                           407.3± #

                           
                        
                        	
                              
                           
                           397.2 ± 

                           
                        
                        	
                              
                           
                           397.3 ± 

                           
                        
                        	
                              
                           
                           380.8 ±

                           
                        
                        	
                              
                           
                           354.6±

                           
                        
                     

                     
                           	
                              
                           
                           Antioxidant parameters

                           
                        
                     

                     
                           	
                              
                           
                           SOD (mU/mg protein)

                           
                        
                        	
                              
                           
                           4.508±

                           
                        
                        	
                              
                           
                           2.392±#

                           
                        
                        	
                              
                           
                           2.532±

                           
                        
                        	
                              
                           
                           2.543±

                           
                        
                        	
                              
                           
                           3.038±

                           
                        
                        	
                              
                           
                           3.188±

                           
                        
                     

                     
                           	
                              
                           
                           MDA (nmole MDA/mg protein)

                           
                        
                        	
                              
                           
                           1.998±

                           
                        
                        	
                              
                           
                           3.447±#

                           
                        
                        	
                              
                           
                           2.922±

                           
                        
                        	
                              
                           
                           3.327±

                           
                        
                        	
                              
                           
                           3.29±

                           
                        
                        	
                              
                           
                           2.793±

                           
                        
                     

                     
                           	
                              
                           
                           GSH (µmol/mg protein)

                           
                        
                        	
                              
                           
                           71.01±

                           
                        
                        	
                              
                           
                           45.16±#

                           
                        
                        	
                              
                           
                           50.23±

                           
                        
                        	
                              
                           
                           48.81±

                           
                        
                        	
                              
                           
                           51.81±

                           
                        
                        	
                              
                           
                           61.96±

                           
                        
                     

                  
               

               

            

            

            
               Statistical Analysis
               
            

            One way ANOVA followed by Dunnett’s test was used to analyze single day parameter while two way ANOVA followed by Bonferroni’s
               post hoc test to analyze in-vivo  parameters in Graph Pad Prism software (San Diego, CA). The significance was set at P<0.05.
            

            

            
                  
                  Figure 1

                  Effect of EAF on body weight in FCA induced arthritis in rats

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/679c832e-2730-409d-a204-b20477ddcd73/image/995cbfa6-30a3-48fe-89b9-ff90b024f85e-upicture1.png]

            

            
                  
                  Figure 2

                  Effect of EAF on paw volume in FCA induced arthritis in rats

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/679c832e-2730-409d-a204-b20477ddcd73/image/e5238ebb-6cc8-4e39-859c-098c3be59690-upicture2.png]

            

            
                  
                  Figure 3

                  Effect of EAF on Mechanical hyperalgesia (Paw withdrawal threshold) in FCA induced arthritis in rats  

               
[image: https://typeset-prod-media-server.s3.amazonaws.com/article_uploads/679c832e-2730-409d-a204-b20477ddcd73/image/3b098b23-2b74-4619-b5cc-01dda5e687c0-upicture3.png]

            

            
                  
                  Figure 4

                  Histopathology of ankle joint
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               Results 

            
               Standardization of extracts 
               
            

            The concentration of wedelolactone was found to be 6.62% w/w in ethanolic extract and 25.3 % w/w in WEA by HPLC analysis.
               This confirmed there was a remarkable enrichment achieved  (Atre et al., 2020). 
            

            
               Formulation Studies
               
            

            Based on the solubility profile of extract and emulsifying property, labrafil, tween-80 and span 80 were selected as lipid,
               surfactant and cosurfactant, respectively for the development of optimal SNEDDS using extract. The final composition of the
               formulation consisted of 200 mg WEA, which was added to a mixture of 1ml labrafil: 0.6 ml of tween 80:0.4 ml of span 80. 
            

            
               Characterization of formulations
               
            

            
               Self emulsification time
               
            

            Emulsification ability is a crucial parameter for the evaluation of SNEDDS and can be assessed by the time taken to disperse
               completely when subjected to dilution under slight agitation using standard USP II dissolution apparatus. The time taken to
               form a uniform emulsion was 45 sec. The formulation showed uniform and stable emulsion even after 2 h when observed visually.
               
            

            
               Robustness to dilution
                
               
            

            Even after 24 h, there was no precipitation, cloudiness and phase separation which confirm the stability of emulsion upon
               reconstitution. 
            

            
               Preclinical evaluation in FCA induced arthritis in rats.
               
            

            
               Acute toxicity study
               
            

            The autonomic profile and behavior of test animal remained unchanged during the test period. No mortality was observed with
               2000 mg/kg of EAF. Hence, EAF was found to be safe till the dose of 2000 mg/kg.
            

            
               Effect of EAF on body weight in FCA induced arthritis in rats
               
            

            The body weight decreased gradually and significantly in arthritic animals since day 8. Treatment with etoricoxib significantly
               (P<0.05) prevented body weight loss only on day 28 compared to arthritic animals. Furthermore, treatment with EAF 200 mg/kg
               significantly (P<0.01, P<0.001) prevented body weight loss on day 24 and 28, respectively, when compared to arthritic animals
               (Figure  1). While EAF 100 mg/kg had a significant (P<0.001) effect in arresting the loss of body weight on day 28 compared to arthritic
               animals. 
            

            
               Effect of EAF on change in paw volume in FCA induced arthritis in rats
               
            

            Significant (P<0.001) increase in paw volume of all FCA injected rats was evident on day 1 and was found to be increased progressively
               till day 28 in arthritic animals. Treatment with etoricoxib (10 mg/kg) produced a significant (P<0.05) decrease in the paw
               volume on day 16, which continued till day 28. After receiving 200 mg/kg of EAF, the paw volume decreased significantly (P<0.01)
               on day 16. In contrast to arthritic control animals, treatment with EAF 100 and 50 mg/kg resulted in a significant (P<0.001)
               reduction in paw volume from day 20 (Figure  2).
            

            Effect of EAF on Mechanical hyperalgesia in FCA induced arthritis in rats  
            

            In the arthritic control group, the paw withdrawal threshold decreased significantly (P<0.001) till day 28. Administration
               of etoricoxib (10 mg/kg) significantly improved the paw withdrawal threshold (P<0.01) on day 16 and (P<0.001) from day 20
               onwards. Administration of EAF at dose 200 mg/kg showed significant (P<0.05, P<0.001, P<0.001, P<0.001 respectively) improvement
               in paw withdrawal threshold on 16, 20, 24 and 28 days, respectively, when compared to arthritic animals. Treatment with EAF
               100 mg/kg caused a significant paw withdrawal threshold on days 16, 20, 24 and 28. However, from day 20 onwards, EAF 50 mg/kg
               caused significant (P<0.001) improvement in the paw withdrawal threshold (Figure  3).
            

            
               Effect of EAF on hematology, biochemical, cytokine and antioxidant parameters in FCA induced arthritis in rats
               
            

            Treatment with EAF at various doses significantly decreased ESR in comparison to arthritic animals. FCA induction resulted
               in significant increase in CRP level, EAF significantly decreased the CRP level dose dependently when compared to arthritic
               control animals. 
            

            FCA induction produced significant increase in serum AST, ALT and ALP levels in arthritic group animals when compared to vehicle
               control animals. Etoricoxib and EAF treatment significantly attenuated AST, ALT and ALP levels in comparison with the arthritic
               control group. FCA induction significantly declined TP level. While animals who received etoricoxib, EAF 100 and 200 mg/kg
               exhibited a significant increase in TP level. However, EAF 50 mg/kg was found to be less significant in restoring the TP level.
            

            The challenge with FCA produced a significant rise in serum cytokine levels such as TNF-α, IL-1β and IL-6 when contrary to
               the vehicle control group. Treatment with EAF (100 and 200 mg/kg) caused a significant decline in the serum TNF-α, IL-1βand
               IL-6 levels in contrast to FCA challenged arthritic animals.
            

            In the arthritic control group, there was a significant decline in GSH and SOD levels and a significant rise in MDA was observed
               compared with vehicle control animals. A significant increase in GSH and SOD levels and decreased MDA level was observed on
               treatment with EAF dose dependently (Table  1).
            

            
               Effect of EAF on histopathological analysis of ankle joint in FCA induced arthritis in rats
               
            

            The intact synovium and no signs of inflammation were observed in the ankle joint of vehicle control rats. The ankle joint
               of the arthritic control animal had a large influx of inflammatory cells, extreme inflammation, and a disrupted synovial lining.
               EAF 200 mg/kg, as well as etoricoxib treatment, resulted in significant cartilage protection and a low influx of inflammatory
               cells. EAF (100 mg/kg) treatment caused a moderate disturbance in synovial lining, with very few inflammatory cells, while
               EAF (50 mg/kg) treated rats showed evidence of disturbed synovial lining and influx of inflammatory cells (Figure  4).
            

            
               Discussion
               
            

            RA is a chronic autoimmune inflammatory disease with systemic polyarthritis of unknown etiology. It leads to a progressive
               disability affecting daily activities and quality of life with increased mortality  (Ebel & Dell, 2021; Zago, Priyadharshini, & Vijayakumar, 2020). Induction of arthritis using FCA is a validated preclinical model for evaluating antiarthritic potency as it mimics clinical
               features and histopathology of human RA in rats  (Liu et al., 2017). Body weight is an important parameter that signify disease recovery and health status in many diseases. In RA, inflammation
               reduces the absorption of nutrients from the intestine  (Liu et al., 2017). 
            

            In the present study, EAF treated rats exhibited progressive inhibition in body weight loss compared to arthritic animals.
               Increased paw volume of FCA injected paw is one of the important signs of inflammation of RA in rats  (Jalalpure et al., 2011). The EAF treatment showed progressive inhibition of inflammation when evaluated at regular intervals. EAF was found to possess
               potent anti-inflammatory activity. 
            

            RA associated mechanical hyperalgesia is caused mainly due to the increase in various cytokines in the pathogenesis of RA
               (Nagakura et al., 2003). EAF exhibited significant analgesic activity.
            

            An increase in ESR is seen as a result of the presence of acute phase proteins, an important indicator of inflammation. CRP
               is also a vital biomarker of inflammatory disease with tissue degeneration like RA. On treatment with EAF, ESR and CRP were
               significantly restored  (Cai et al., 2006).
            

            Measurement of the enzymes like AST, ALT and ALP is a straightforward and effective tool to assess liver and kidney functions
               which are one of the prime features of RA. EAF significantly reduced these enzyme levels. FCA challenge resulted in decreased
               total protein level, which was restored on treatment with EAF  (Mythilypriya, Shanthi, & Sachdanandam, 2008). 
            

            Cytokines play a major role in RA progression. Cytokines are proinflammatory in action, causes chemotaxis and worsen the disease
               pathology by the destruction of articular cartilage  (Mbiantcha, Almas, Shabana, Nida, & Aisha, 2017). ELISA test results for TNF-α, IL-1β and IL-6 showed a marked increase in the levels while EAF treatment significantly reduced
               cytokine levels indicating its mechanism in arresting the disease progression.
            

            Injury in RA is due to oxidative damage by lipid peroxidation. The increased level of MDA was significantly decreased by treatment
               with EAF. While GSH and SOD levels were increased on treatment with EAF. EAF was found to possess significant and potent antioxidant
               activity  (Umar et al., 2014). 
            

            Furthermore, histopathology of ankle joint revealed that EAF dose dependently protected joint destruction and exudation of
               inflammatory cells. EAF showed good protection against cartilage destruction due to arthritis.
            

            In comparison to our previous study of wedelolactone enriched extracts of Eclipta alba, the antiarthritic potential has improved to the extent of 14.89% for anti-inflammatory activity and for cytokines inhibition
               TNF-α-16.81%, IL-1β- 24.87%, and IL-6-11.28% respectively. Thus, the present formulation has increased the antiarthritic potential
               of extract even at a submaximal dose of extract. 
            

         

         
               Conclusions

            The results obtained revealed the potent antiarthritic potential of EAF SNEDDS, which is attributed to, formulation strategy
               as well as Enrichment of wedelolactone active moiety. The antiarthritic potential of EAF is attributed to its strong anti-inflammatory
               activity as well as cytokine inhibitory activity of wedelolactone extracts.
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