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Abstract

:

Calotropis procera (commonly known as Swallow wort) is described in the Ayurvedic literature for the treatment of inflammation and arthritic disorders. Therefore, in the present work, the antiarthritic activity of potential fractions of Swallow wort leaf was evaluated and compared with standards (indomethacin and ibuprofen). This study was designed in Wistar rats for the investigation of antiarthritic activity and acute toxicity of Swallow wort. Arthritis was induced in Wistar rats by injecting 0.1 mL of Freund’s complete adjuvant (FCA) on the 1st and 7th days subcutaneously into the subplantar region of the left hind paw. Evaluation of our experimental findings suggested that antiarthritic activity of methanol fraction of Swallow wort (MFCP) was greater than ethyl acetate fraction of Swallow wort (EAFCP), equal to standard ibuprofen, and slightly lower than standard indomethacin. MFCP significantly reduced paw edema on the 17th, 21st, 24th, and 28th days. It also showed significant effect (p < 0.01) on arthritic score, paw withdrawal latency, and body weight. The inhibition of serum lysosomal enzymes and proinflammatory cytokines along with improvement of radiographic features of hind legs was also recorded with MFCP. Finally, it was concluded that MFCP can be a feasible therapeutic candidate for the treatment of inflammatory arthritis.
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1. Introduction


Rheumatoid arthritis (RA) is a chronic autoimmune disease which is characterized by nonspecific inflammation of peripheral joints, destruction of articular tissues, and deformities in the joints [1,2]. An epidemiology of RA in terms of males to females has been reported as 1:3, and the prevalence was found to be 1% around the globe [3]. The inflammatory cytokines such as “tumor necrosis factor-α (TNF-α), interleukin-1β (IL-1β), and interleukin-6 (IL-6)” are the major biomarkers responsible for the inflammation and joint damage during the development of RA [4,5,6].



Presently, the treatment strategies focus on the reduction in inflammation in the joints, as no proper treatments are available. Conventional medicines including analgesics, steroids, nonsteroidal anti-inflammatory drugs (NSAIDs), glucocorticoids, disease-modifying antirheumatic drugs (DMARDs), and anticytokines are reported to show very limited success rates in the treatment of RA, although these medicines are helpful in controlling the symptoms of acute RA [4,7]. Mild to moderate arthritis is relieved by the use of different analgesics. However, these analgesics did not offer anti-inflammatory efficacy and hence these are usually administered in combination with other drugs [8]. Most of the NSAIDs are reported to possess both analgesic and anti-inflammatory efficacy but are not capable of preventing the destruction of joints [9]. Ultimately, the treatments with NSAIDs fail to produce long-term benefits and produce serious adverse effects such as gastric toxicity and cardiotoxicity, which limit their application in the treatment of RA [10,11]. Therefore, the search for drugs with low or no adverse effects are of prime importance to treat RA. Herbal drugs constitute a major part of all the traditional systems of medicine. According to the WHO, 80% of the world’s population use herbal medicines for primary health care. Herbal medicine is a triumph of popular therapeutic diversity and is also used to derive a number of synthetic medicines such as aspirin, paclitaxel, digoxin, and morphine, etc. [12,13]. Several plant-based materials showed potent anti-inflammatory activity in animal models which could also be useful in the treatment of RA [14,15]. These plant-based medicines are supposed to have low incidence of serious adverse effects, low cost, and be easily accessible to the consumers [16,17].



Calotropis procera Linn. (commonly known as Swallow wort), which belongs to the Asclepiadaceae family, is an Ayurvedic plant with important medicinal properties [18,19]. It is represented in India by two different species—viz., C. procera and C. gigantean [19,20]. Traditionally, it is used in the treatment of ulcers, leprosy, cancers, piles, and liver diseases [21,22]. It has also been reported to have purgative, anthelmintic, analgesic, anti-inflammatory, protective, anticoagulant, antipyretic, and antimicrobial activities [18,19,22,23]. C. procera (Swallow wort) latex has been used as a hepatoprotective [21], anti-inflammatory [24], anthelmintic [25], anticonvulsant [26], and antimicrobial agent [27].



A traditional claim made about Swallow wort includes its beneficial effects in inflammation and arthritis. Anti-inflammatory activity of the latex of this plant has been demonstrated in various animal models [28]. The protective effects of different extracts of Swallow wort latex have also been evaluated against inflammation and oxidative stress in monoarthritis induced by different inflammatory mediators [29,30,31,32,33,34]. Although the leaves of this plant are reported to have traditional uses regarding its beneficial effects in inflammatory conditions, these claims are not experimentally verified. Previous studies have shown the significant anti-inflammatory activity of this plant both in in vitro and in vivo models [24]. Therefore, the current investigations were planned to explore the antiarthritic potential of different fractions of Swallow wort for the evaluation of antiarthritic potential using Freund’s complete adjuvant (FCA) model on Wistar rats, because no such study has been carried out in the past.




2. Materials and Methods


2.1. Procurement and Authentication of the Plant


The leaves of Swallow wort were procured from the herbal garden of Swami Ramanand Teerth Marathwada University, Nanded, in the month of January 2017. The Swallow wort plant specimens were identified and authenticated at Botanical Survey of India, Pune, India, where a voucher specimen is preserved (BSI/WC/100-1/Tech./2017/1). The fresh leaves were washed properly with tap water and shade dried for one week. The dried leaves were ground coarsely using an electrical mixer and stored in airtight plastic bags in a cool and dark place until further use.




2.2. Materials


FCA was procured from “Sigma Aldrich (Bangalore, India)”. Indomethacin and ibuprofen were received as gift samples kindly provided by “Wockhardt Research Center (Aurangabad, India)”. Petroleum ether, chloroform, ethyl acetate, acetone, ethanol, and methanol were procured from “S.D. Fine Chemicals (Mumbai, India)”. All the reagents used were of analytical grade.




2.3. Plant Extraction and Characterization


2.3.1. Extraction Method


The successive extraction of dried powder of Swallow wort leaves was carried out using Soxhlet extractor. The solvents used to obtain different fractions of Swallow wort leaves were petroleum ether, chloroform, ethyl acetate, acetone, ethanol, and methanol. The fractions were concentrated by evaporating their respective solvents under reduced pressure using rotary vacuum evaporator at 42–45 °C. The obtained fractions were further dried at room temperature in a petri dish and stored in refrigerator at 4–6 °C till further evaluation.




2.3.2. Qualitative Phytochemical Screening


The bioactive agents present in Swallow wort were detected by a standard phytochemical screening procedure and inference was based on visual observations of color change or precipitate formation [35]. The stock solution of the plant extracts was prepared with their respective solvents. Mayer’s reagent (potassium mercuric iodide solution) was added to 1 mL of plant fraction, and the appearance of a cream precipitate was indicated as the end point for the presence of alkaloids. In total, 1 mL of glacial acetic acid was added to 1 mL of plant fraction, which was dissolved and then cooled, followed by addition of 2–3 drops of ferric chloride. Then, 2 mL of conc. H2SO4 was carefully added along the walls of test tube; the appearance of reddish brown ring at the junction of two layers indicated the presence of glycosides. Steroids were investigated by adding 5 mL of chloroform and a few drops of conc. H2SO4; this mixture was allowed to stand for some time, the reddish precipitate in the lower layer indicates the presence of steroids. The formation of foam upon vigorous shaking of plant fraction solution indicates the presence of saponins. Flavonoids were investigated by adding basic lead acetate separately to 1 mL of plant fraction. A bulky reddish brown precipitate indicates the presence of flavonoids.





2.4. Biological Evaluation


2.4.1. Prediction of Biological Activity


The prediction of the activity spectra for substance (PASS) is an online software database program used to predict the various biological properties of compounds [36]. PASS software helps estimate the probable biological activity of drugs such as organic compounds (pursuing molecular weights of 50 to 1250 Da) or phytoconstituents based on structural activity relationship analysis of training set consisting of information on the structures of more than 205,000 organic compounds which exhibit more than 3750 kinds of biological activity [37,38]. The MDL mole file    [  V   3000  ]    (*mol) structure of desired phytoconstituent drawn with the help of ACD/Labs chemsketch software 2015 release (file version C10E41) was fed in PASS online Way2drug online software. The software gave the Pa and Pi values (active and inactive) [38]. The probability of experimental biological and pharmacological activities is high if the value of Pa is greater than 0.7 and less if Pa value is 0.5 < Pa > 0.7 [39].




2.4.2. Experimental Animals


Male Albino Wistar rats (weighing 180–220 g) were purchased from “Wockhardt Research Center (Aurangabad, India)”. The animals were housed under standard animal housing facility with temperature (24 ± 1 °C), relative humidity (45–50%), and 12 h light/dark cycle. The animals were fed with standard pellet chow diet and water ad libitum. All rats were allowed to adopt laboratory conditions before starting experimental studies. The study protocol was approved by the Institutional Animal Ethics Committee (Reg. No. 731/PO/Re/2002/CPCSEA), Approval No. CPCSEA/CBPL/AH-11 under the Committee for “Purpose of Control and Supervision of Experiments on Animals (CPCSEA)”. The ethical protocol and guidelines were strictly followed throughout the experimental studies.




2.4.3. Acute Toxicity Studies


The Swallow wort plant fractions were evaluated for acute toxicity as per the organization for economic co-operation and development (OECD) guidelines 425. The single oral dose of 2000 mg/kg of plant fraction was administered to overnight fasted rats and observations were continuously recorded for behavioral profiles for 2 h and for mortality up to 72 h.




2.4.4. FCA-Induced Arthritis


For the evaluation of FCA-induced arthritis, the rats were divided into six different groups (each containing six rats) as follows:




	
Group I—Vehicle control, 1% w/v suspension of sodium carboxymethyl cellulose (SCMC) was administered orally;



	
Group II—Arthritic control, 1% w/v suspension of SCMC was administered orally;



	
Group III—Arthritic animals treated with oral administration of standard indomethacin at 10 mg/kg dose;



	
Group IV—Arthritic animals treated with oral administration of standard ibuprofen at 15 mg/kg dose;



	
Group V—Arthritic animals treated with oral administration of methanolic fraction of Swallow wort (MFCP) at a 300 mg/kg dose;



	
Group VI—Arthritic animals treated with oral administration of ethyl acetate fraction of Swallow wort (EAFCP) at a 300 mg/kg dose.








Around 0.1 mL of FCA was administered subcutaneously into the subplantar region of the left hind paw on 1st and 7th days to all the animals of all groups except vehicle control [40]. Then, 300 mg/kg of each of MFCP and EAFCP were orally administered once daily from day 12 to day 28 [41]. The standards (indomethacin and ibuprofen) at the dose of 10 and 15 mg/kg, respectively, were also orally administered once daily from day 12 to day 28 for the evaluation of antiarthritic potential of these standards. The antiarthritic activities of each plant fraction of Swallow wort and standards were determined using a “Plethysmometer (Ugo, Basile, Italy)” by the hind paw method on days 1, 4, 7, 10, 12, 14, 17, 21, 24, and 28 [42]. The percentage inhibition value of each fraction of plant was calculated using its standard formula, described previously [14,16].



Arthritic index was obtained using different pharmacological parameters such as hind paw edema, mechanical withdrawal threshold, body weight, and arthritic score. On the 28th day, the rats were anaesthetized using anesthetic ketamine and blood samples were withdrawn from the retro-orbital puncture for the determination of different biochemical parameters. At the end of the experiment, X-rays of the joints of the hind paws of animals were recorded under mild diethyl ether anesthesia for the evaluation of possible bone, cartilage, and other structural degeneration.




2.4.5. Paw Volume Evaluation


The left paw volume was measured up to the lateral malleolus by the mercury displacement method just before FCA injection on 1st day and subsequently at various time intervals until the 28th day using a “Plethysmometer (Ugo, Basile, Italy)” [43]. The alterations in the paw volume were considered as the difference between the final and initial paw volumes.




2.4.6. Visual Arthritis Scoring System


The visual arthritis scoring systems were used to assess the severity of the arthritis, as described previously [44]. The arthritis score was ranged from 0 to 4 which is graded as follows: 0 = normal paw; 1 = mild swelling and erythema; 2 = swelling and erythema; 3 = severe swelling and erythema; 4 = gross deformity and inability.




2.4.7. Evaluation of Thermal Hyperalgesia


The thermal hyperalgesia/paw withdrawal latency of injected paw was evaluated using hot plate method just before FCA injections on the 1st day and subsequently at various time intervals until the 28th day. The paw was placed on the flat surface of the hot plate which was maintained at 55 ± 5 °C. The reaction time to heat stimulus in terms of paw licking or jumping was recorded as the end point of the pain threshold [45]. A cut off time was selected as 20 s to avoid tissue damage.




2.4.8. Body Weight Recording


The body weight was recorded during the experimental period using a Digital Weighing Balance (Sartorius 1413, MP 8/8-1, Bohemia, NY, USA) just before FCA injections on the 1st day and subsequently at various time intervals until the 28th day [46].




2.4.9. Determination of the Weight of Spleen and Thymus


At the end of experimental studies, the rats were sacrificed using ketamine anesthesia. Then, the thymuses and spleens of all rats were taken and weights were recorded.




2.4.10. Biochemical Estimation


On the 28th day, the blood samples of the rats were withdrawn from the retro-orbital puncture of all the animal groups and various biochemical parameters such as aspartate aminotransferase (AST), alanine transaminase (ALT), and alkaline phosphatase (ALP) were estimated using a standard kit (Sigma-Aldrich assay kit) [47].




2.4.11. Estimation of Serum Parameters


Various hematological/serum parameters were estimated using routine laboratory techniques. The levels of serum C-reactive protein (CRP) and rheumatoid factor (RF) were estimated using commercial kits (Aspen laboratories) following the manufacturer’s instructions.




2.4.12. Proinflammatory Biomarkers (TNF-α and IL-6)


For the estimation of proinflammatory biomarkers such as TNF-α and IL-6, the blood samples were left to stand for about 30 min. The serum was separated from the blood by centrifugation at 3000 rpm for about 10 min. The obtained serum samples were stored at −20 °C until further evaluation. Proinflammatory biomarkers (TNF-α and IL-6) were estimated using readymade ELISA reagent kits [40].




2.4.13. Radiological Analysis of Ankle Joints


On the 28th day, the animals were anaesthetized using ketamine and radiographs of FCA-injected hind paws were recorded using X-ray (GE DX-300). Radiographic analysis of hind paws was carried out at 40 kV peak and 12 Ms. The X-ray image was interpreted for the radiographic changes.





2.5. Data and Statistical Analysis


The values are expressed as mean ± SEM for 6 animals. The experimental results were analyzed statistically using one-way ANOVA followed by Dunnett test using Graphpad instant software. p < 0.05 was considered a statistically significant value.





3. Results


3.1. Plant Extraction and Characterization


3.1.1. Extractive Value of Fraction


After extracting 702 g of powder Swallow wort leaves with petroleum ether, chloroform, ethyl acetate, acetone, and methanol, the fraction yields were found to be 12.25, 12.51, 5.87, 5.43, and 42.66 g of the fraction, respectively. The yield was recorded highest in methanol fraction of Swallow wort leaves, while the lowest one was found in acetone fraction. The yield was negligible for ethanol fraction. The yield of above mentioned fractions of Swallow wort leaves was not found in the literature. However, the yield of methanol fraction of Swallow wort latex was recorded as 25% (dry weight) in the literature [30]. In the present study, the yield of methanol fraction of Swallow wort leaves was 42.66 g out of 702 g of powder, which was approximately 6.10%. These observations suggested that latex of Swallow wort is better than its leaves in terms of yield.




3.1.2. Phytochemical Screening


The preliminary phytochemical screening of MFCP and EAFCP demonstrated the presence of alkaloids, glycosides, flavonoids, and steroids. Other studied fractions did not show the presence of all these compounds.





3.2. Biological Evaluation


3.2.1. PASS Prediction


We performed the PASS prediction of various phytoconstituents of Swallow wort leaves for the prediction of various biological activities such as anti-inflammatory and antiarthritic activity. From this study, we found most of the constituents such as α-amyrin, β-amyrin, β- sitosterol, and stigmasterol have shown good anti-inflammatory activity (Table 1).




3.2.2. FCA-Induced Arthritis


The subplantar injection of FCA in the left hind paw of rats resulted in the progressive increase in the volume of the ipsilateral (injected) paw as well as contralateral (noninjected) paw.




3.2.3. Effect of Swallow Wort Fractions on Paw Volume


FCA was administered on 1st and 7th days, which resulted in the progressive increase in paw volume. The treatment with standards (indomethacin and ibuprofen) and plant fractions (MFCP and EAFCP) started from the day 12 to day 28. As presented in Table 2, it can be seen that both of the standards as well as fractions caused significant abatement of paw volume which was noticed from day 17 to day 28. The MFCP demonstrated the same level of antiarthritic effects (46.42%) with that of ibuprofen, which was slightly lower than that of indomethacin (51.78%). However, the antiarthritic effects of EAFCP (26.78%) were found to be significantly lower than both of the standards (indomethacin and ibuprofen) and MFCP (p < 0.01). Hence, MFCP could be used as an alternative to indomethacin and ibuprofen in the treatment of RA.




3.2.4. Arthritic Scoring System


The effect of the administration of different fractions (MFCP and EAFCP) and standards (indomethacin and ibuprofen) on arthritic score was assessed through visual observation. The different grading systems as described in the experimental section were used to assess the arthritic scores. On the 28th day, the MFCP was found to reduce the arthritic score significantly compared to the control and arthritic control (p < 0.01). The effect of MFCP was similar to that of standard ibuprofen (Figure 1). Although EAFCP demonstrated lesser effects than MFCP, a significant reduction in arthritic score was recorded compared to the control and arthritic control (p < 0.01). Overall, MFCP was found to be better than EAFCP in reducing the arthritic scores in the rats.




3.2.5. Measurement of Paw Withdrawal Latency


The significant increment in the paw withdrawal latency was witnessed on day 21 and day 28 in animals treated with MFCP, EAFCP, and standards (Figure 2). The paw withdrawal latency of MFCP (2.11 ± 0.17) was found to be similar to that of standard ibuprofen (2.33 ± 0.18) on the 28th day. However, the paw withdrawal latency of EAFCP (1.74 ± 0.09) was found to be significantly lower than MFCP and both of the standards (indomethacin and ibuprofen) on the 28th day (p < 0.05). These observations indicate the superiority of MFCP over EAFCP in the increment of paw withdrawal latency.




3.2.6. Body Weight


All animals injected with FCA showed the reduction in the body weight which might be due to the decreased absorption of nutrients of Swallow wort through the intestine [45]. However, the treatment with both of the standards (indomethacin and ibuprofen) and plant fractions showed increase in the body weight from the 12th day onwards. The MFCP and EAFCP were found to almost restore the body weight in the progressive manner such as in case of indomethacin and ibuprofen (Figure 3). Overall, both MFCP and EAFCP were found to have a good impact on the body weight of the rats.




3.2.7. Measurement of Spleen and Thymus Weights


Immunological functions are related to the thymus and spleen indexes. On the 28th day, the rats were sacrificed and thymus index and spleen index were determined. As presented in Table 3, the weights of spleen and thymus for MFCP group animals were found to be significantly lower than arthritic control group (p < 0.01). The MFCP also showed greater effect in thymus weight (0.13 ± 0.017 g) than ibuprofen (0.14 ± 0.017 g) but slightly lower effect in spleen weight (0.33 ± 0.014 g) than ibuprofen (0.37 ± 0.01 g). The weight of spleen and thymus for EAFCP group animals was also found to be significantly lower than the arthritic control (p < 0.01). Based on these observations, MFCP was found to be much better than EAFCP in reducing the thymus and spleen weights.




3.2.8. Serum Lysosomal Enzymes in FCA-Induced Arthritis


Enzymes such as AST, ALT, and ALP have significant roles in the formation of biologically active chemical mediators such as bradykinins in the inflammatory process [46]. In addition, serum AST, ALT, and ALP are the specific biomarkers which are useful in the evaluation of liver damage [13]. Therefore, the levels of AST, ALT, and ALP were measured in this study. All group animals treated with FCA caused an increase in the level of these enzymes. However, the treatment of animals with MFCP (300 mg/kg), EAFCP (300 mg/kg), indomethacin (10 mg/kg), and ibuprofen (15 mg/kg) significantly reduced the elevated levels of serum enzymes (Table 4), while the animals treated with MFCP showed greater effect than EAFCP.




3.2.9. Alterations in CRP and RF in FCA-Induced Arthritis in Rats


The serum CRP and RF are the markers of the inflammation and antibody production against the injected FCA. The high levels of CRP (7.1 mg/L) and RF (59.71 IU/L) were recorded in the FCA control group animals. However, the MFCP, EAFCP, indomethacin, and ibuprofen treatments significantly reduced the levels of CRP and RF (p < 0.01) as shown in Table 5. The effects of MFCP were better than EAFCP. Hence, MFCP can be effectively utilized in reducing the serum levels of CRP and RF compared to EAFCP.




3.2.10. TNF-α and IL-6


Proinflammatory cytokines such as TNF-α and IL-6 play essential roles in the pathogenesis of RA. Therefore, the levels of TNF-α and IL-6 cytokines in the serum of arthritic rats were analyzed and results are shown in Figure 4. The levels of TNF-α and IL-6 were significantly elevated in FCA-induced arthritic rats (p < 0.01). However, the treatment of arthritic rats with MFCP reduced the elevated levels of serum TNF-α and IL-6. This effect was almost equivalent to that of standard ibuprofen. The treatment of arthritic rats with EAFCP also reduced the elevated levels of serum TNF-α and IL-6 compared to arthritic control but its level was significantly higher than MFCP and both of the standards (p < 0.05).




3.2.11. Radiological Analysis of Ankle Joints


Figure 5A presents the photographs of the tarsotibial joint swelling of the left hind paws from different groups on the 14th day after CFA injection. Figure 5B presents the X-ray radiographs of the same paws recorded on the 28th day. The radiographic analysis of the hind legs for FCA-induced arthritic rats presented soft tissue swelling (phalangeal region) along with joint space narrowing (intertarsal joints), cystic enlargement of the bone, and extensive erosions which clearly indicated the degeneration of the cartilage (Figure 5). However, the treatment with MFCP, EAFCP, indomethacin, and ibuprofen reduced the narrowing of joint space and improved the radiographic pattern of the joints. The radiographic patterns of the joints were found to be better in MFCP treated animals than EAFCP threated animals.






4. Discussion


Swallow wort is growing wildly as an Ayurvedic plant with important medicinal properties. The leaves, latex, flowers, stems, and roots of Swallow wort are used traditionally to treat complications such as ulcers, leprosy, tumors, inflammatory disorders, piles, and liver diseases [22]. Anti-inflammatory efficacy of the latex of Swallow wort has been demonstrated in various animal models [28]. The warm leaf paste of Swallow wort is usually applied on the swollen part to minimize the inflammation and pain [48]. Although the leaves of this plant are reported to have traditional uses regarding its beneficial effects in inflammatory conditions, these claims are not experimentally verified. In our earlier studies, we found significant activity of Swallow wort (extract and fraction) in in vitro, carrageenan-induced paw edema, and formalin-induced paw edema rat models [49]. The PASS studies were performed to predict the biological activities of various phytoconstituents present in Swallow wort leaves. Based on current phytochemical analysis and reported gas-chromatography mass-spectrometry data of Swallow wort leaves, several reported phytoconstituents of Swallow wort leaves were utilized for the prediction of biological activities [50]. The PASS studies predicted the anti-inflammatory potentials of most of its constituents such as α-amyrin, β-amyrin, stigmasterol, and β- sitosterol. These compounds also showed good anti-inflammatory activities in experimental animal models [51,52]. So, in the present study, we have investigated the antiarthritic potential of different fractions of Swallow wort leaves using an FCA-induced arthritis model. Due to unavailability of female rats, these studies were carried out on male rats. In addition, no differences were recorded in the susceptibility to RA between the genders previously in the literature [53]. Hence, either sex of the rats can be selected for these studies.



FCA-induced arthritis model is the most common chronic model which is comparable to the human RA model [54]. This model is predicted as a progressive increase in the volume of the injected paw of rats and used to evaluate the pathogenesis of RA for the screening of different therapeutics [55]. In this model, the primary reaction of edema and soft-tissue thickening at the depot site is caused by the FCA, which has an irritant effect [56]. However, the secondary lesion is associated with the formation of antibodies [57].



An acute toxicity evaluation demonstrated the nontoxic nature of both of the extracts at the dose of 2000 mg/kg. The selected dose of 300 mg/kg for both of the extracts was much lower than studied dose of acute toxicity evaluation. Accordingly, a dose of 300 mg/kg was selected in this study. Although FCA was administered on the 1st and the 6th days of the treatment, the signs of inflammation appeared from the 2nd day, which might be due to fluid exudation, neutrophil infiltration, and mast cell activation. It was followed by a slow regression and the joint swellings [29]. Antiarthritic activity of MFCP was greater than EAFCP, equal to standard ibuprofen, and slightly lower than standard indomethacin, which is indicated by the reduction in paw volume of inhibiting the FCA-challenged rats. Indomethacin, a nonselective COX inhibitor, is a more potent anti-inflammatory, analgesic, and antipyretic than aspirin [58].



The swelling of joints and the increased arthritic score are the real index for chronic inflammation of FCA-induced arthritic model [40]. MFCP was found to reduce the arthritic score and paw swelling significantly, which was similar to that of standard ibuprofen (Table 2 and Figure 1). These observations suggest the possible immunosuppressant effects of MFCP [54]. The animal groups that underwent MFCA and EAFCP treatments showed a marked enhancement in rat body weight compared to the arthritic control group. A significant reduction in rat body weight was witnessed due to the decreased absorption of nutrients from the intestine in FCA-challenged rats. Similar to that of standards indomethacin and ibuprofen, MFCP significantly restored the body weight of the rats which may be due to the improvement in the arthritic condition, which in turn, may normalize the absorption of nutrients from the intestine. These result also suggested that there is a close relationship between the extent of inflammation and the loss of body weight [59]. These results were in good agreement with those reported for the treatment of monoarthritis in rats using a latex extract of Swallow wort [29].



In adjuvant arthritis, the spleen is an essential organ for the formation of cells and antibodies, which are responsible for the immunological effects. The increase in the cellularity occurs in the spleen of the arthritic rats [10]. The organ weight of the spleen and thymus in FCA-induced rats was evidently increased in the present study [60]. The MFCP and EAFCP resulted in the increased weight of the spleen and thymus, probably by suppression of splenic lymphocytes and inhibition of the infiltration lymphocytes into the synovium [11].



Additional verifications of the antiarthritic potentials of MFCP, EAFCP, indomethacin, and ibuprofen were assessed by the estimation of the various biochemical parameters of rat serum including AST, ALT, ALP, CRP, and RF, which are important tools to study the antiarthritic potential of the drugs. In the inflammatory process, AST and ALT are responsible for the formation of inflammatory mediators such as bradykinins [61]. In the FCA model, the liver function indicative enzymes may be altered due to the enhancement in liver and bone fractions. This is associated with localized bone erosion and periarticular osteopenia. The CRP levels increased during inflammation which might be due to the rise in the IL-6 levels. This is produced by the macrophages and the adipocytes [62]. FCA-induced arthritis is linked with an increase in the RF and CRP levels [54]. In this study, the treatment of arthritic rats with MFCP, EAFCP, indomethacin, and ibuprofen significantly reduced the elevated levels of AST, ALT, ALP, CRP, and RF in rat serum. The animals treated with MFCP showed a greater effect than EAFCP. These studies suggested the potential of studied fractions of Swallow wort in the treatment of RA. The significant reduction in the elevated serum levels of AST, ALT, and ALP also suggested that the studied fractions did not cause hepatic injury to the rats [13]. Overall, the results of lysosomal enzyme measurements were found to be in good agreement with those reported previously in the literature for the Solanum xanthocarpum fruit extract [13].



Cytokines are the mediators of inflammatory conditions. The synovial macrophages and fibroblasts produce an excess amount of ILs, TNF-α, and other cytokines. Moreover, the activated neutrophils are also the sources of leukotrienes and prostaglandins. Mediators such as IL, IL-1β, IL-6, and TNF-α are responsible for the pathogenesis and progression of RA [40]. In the present study, the serum TNF-α and IL-6 levels were significantly increased in FCA-induced arthritic rats. However, the treatment with MFCP showed the maximum inhibition of TNF-α and IL-6 levels compared to EAFCP. These results were in accordance with those reported for latex extraction of Swallow wort [29].



For the diagnosis of tissue swelling, erosions, and joint deformity in arthritis patients, radiographic images are used. This gives an idea about soft tissue lesions which are observed as an early sign of the arthritis. The bone erosion and deterioration in trabecular bone are also typical pathologic changes of human arthritis [63]. In FCA-induced arthritic rats, soft tissue swelling along with a narrowing of the joint spaces was recorded, which implies bone destruction in arthritic conditions. The radiographic observations of the treatments group with MFCP and EAFCP inhibited the arthritis-associated joint changes (Figure 4).



The antiarthritic effects of MFCP and EAFCP could be due to the presence of different classes of phytochemicals including flavonoids, alkaloids, terpenoids, glycosides, saponins, tannins, and steroids, which were identified using preliminary phytochemical screening. Accordingly, the current investigation showed that the leaf of Swallow wort markedly reduced the paw inflammation, serum enzyme levels, and release of proinflammatory mediators associated with RA and hence it has great potential in the treatment of RA.




5. Conclusions


The results of the current investigation contribute toward the exploration of Swallow wort leaf extracts in the treatment of RA. The obtained data suggested that the antiarthritic potentials of MFCP and EAFCP might be due to the protection of vascular permeability, synovial membrane, and prevention of cartilage destruction, which could finally result in improved health status. It also demonstrates its beneficial effects during recovery from RA by including body weight, arthritic score, and organ weights along with clinical signs including paw edema, paw withdrawal latency, and radiological pattern. This research established the antiarthritic potential of MFCP in Wistar rats. However, further investigations are required to identify and isolate the potential phytoconstituents responsible for the antiarthritic efficacy, which could facilitate the utilization of Swallow wort in arthritic disorders.
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Figure 1. Effect of Swallow wort fractions on arthritic score. Values are mean ± SEM for 6 animals; statistical analysis by one-way ANOVA followed by Dunnett test using Graphpad Instat software; * p < 0.05, ** p < 0.01 when compared to arthritic control, and # p < 0.01 when compared to normal control. 






Figure 1. Effect of Swallow wort fractions on arthritic score. Values are mean ± SEM for 6 animals; statistical analysis by one-way ANOVA followed by Dunnett test using Graphpad Instat software; * p < 0.05, ** p < 0.01 when compared to arthritic control, and # p < 0.01 when compared to normal control.



[image: Agriculture 11 00068 g001]







[image: Agriculture 11 00068 g002 550] 





Figure 2. Measurement of paw withdrawal latency. Values are mean ± SEM for 6 animals; statistical analysis by one-way ANOVA followed by Dunnett test using Graphpad Instat software; * p < 0.05 and ** p < 0.01 when compared to arthritic control normal control. 
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Figure 3. Effect of Swallow wort fractions on body weight. Values are mean ± SEM for 6 animals; statistical analysis by one-way ANOVA followed by Dunnett test using GraphpadInstat software; * p < 0.05, ** p < 0.01 when compared to arthritic control, and # p < 0.01 when compared to normal control. 
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Figure 4. Effects of Swallow wort fractions on cytokine production in serum. Values are mean ± SEM for 6 animals; statistical analysis by one-way ANOVA followed by Dunnett test using Graphpad Instat software; ** p < 0.01 when compared to arthritic control and # p < 0.01 when compared to normal control. 
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Figure 5. Photographic and radiographic analysis of FCA-induced arthritis in rats. (A) Photographic of the left hind paw taken 14 days after FCA injection and (B) radiographic analysis of the left and right hind paws at day 21 after FCA injection. 






Figure 5. Photographic and radiographic analysis of FCA-induced arthritis in rats. (A) Photographic of the left hind paw taken 14 days after FCA injection and (B) radiographic analysis of the left and right hind paws at day 21 after FCA injection.



[image: Agriculture 11 00068 g005]







[image: Table] 





Table 1. Prediction of activity spectra for substance (PASS) of Swallow wort for antiarthritic activity.
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Phytoconstituent

	
Pa

	
Pi

	
Activity






	
α-amyrin

	
0.889

	
0.004

	
Anti-inflammatory




	
0.835

	
0.002

	
Nitric oxide antagonist




	
0.522

	
0.043

	
Antiarthritic




	
β-amyrin

	
0.411

	
0.011

	
Antioxidant




	
0.843

	
0.005

	
Anti-inflammatory




	
0.793

	
0.003

	
Nitric oxide antagonist




	
Calitropigenin

	
0.405

	
0.012

	
Antioxidant




	
0.357

	
0.119

	
Anti-inflammatory




	
0.490

	
0.060

	
Anti-inflammatory




	
Asclepin

	
0.357

	
0.119

	
Anti-inflammatory




	
0.490

	
0.060

	
Anti-inflammatory




	
0.608

	
0.005

	
Calcium regulator




	
β-sitosterol

	
0.572

	
0.038

	
Anti-inflammatory




	
0.482

	
0.004

	
Anti-inflammatory, Ophthalmic




	
0.740

	
0.011

	
Anti-inflammatory




	
Stigmasterol

	
0.669

	
0.004

	
Calcium regulator




	
0.662

	
0.006

	
Bone diseases treatment




	
0.373

	
0.017

	
Anti-inflammatory, ophthalmic
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Table 2. Effect of Swallow wort fractions on Freund’s complete adjuvant (FCA)-induced paw volume of rats.
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Groups

	
Paw Volume on Different Days (mL)

	
Inhibition (%)




	
4th

	
7th

	
10th

	
12th

	
14th

	
17th

	
21st

	
24th

	
28th






	
Normal

	
0.18 ± 0.009

	
0.19 ± 0.012

	
0.2 ± 0.008

	
0.20 ± 0.008

	
0.2 ± 0.08

	
0.19 ± 0.01

	
0.2 ± 0.02

	
0.21 ± 0.01

	
0.21 ± 0.008

	
_




	
Arthritic control

	
0.38 ± 0.011 #

	
0.50 ± 0.012 #

	
0.59 ± 0.008 #

	
0.61 ± 0.01 #

	
0.59 ± 0.008 #

	
0.59 ± 0.008 #

	
0.58 ± 0.005 #

	
0.57 ± 0.005 #

	
0.56 ± 0.004 #

	
_




	
Indomethacin

	
0.38 ± 0.009

	
0.51 ± 0.012

	
0.59 ± 0.014

	
0.61 ± 0.01

	
0.58 ± 0.004

	
0.42 ± 0.005 **

	
0.38 ± 0.005 **

	
0.34 ± 0.006 **

	
0.27 ± 0.01 **

	
51.78




	
Ibuprofen

	
0.39 ± 0.011

	
0.51 ± 0.012

	
0.59 ± 0.008

	
0.60 ± 0.012

	
0.58 ± 0.012

	
0.44 ± 0.01 **

	
0.42 ± 0.008 **

	
0.37 ± 0.008 **

	
0.3 ± 0.008 **

	
46.42




	
MFCP

	
0.38 ± 0.019

	
0.51 ± 0.012

	
0.58 ± 0.006

	
0.59 ± 0.012

	
0.58 ± 0.009

	
0.44 ± 0.005 **

	
0.42 ± 0.007 **

	
0.38 ± 0.01 **

	
0.30 ± 0.008 **

	
46.42




	
EAFCP

	
0.39 ± 0.009

	
0.51 ± 0.012

	
0.59 ± 0.012

	
0.60 ± 0.011

	
0.59 ± 0.008

	
0.58 ± 0.007

	
0.56 ± 0.008 *

	
0.49 ± 0.007 **

	
0.41 ± 0.008 **

	
26.78








Values are mean ± SEM for 6 animals. * p < 0.05, ** p < 0.01 vs. control group # p < 0.01 when compared to normal control. One-way ANOVA followed by Dunnett test were used. Methanol fraction of Swallow wort (MFCP) showed similar percentages inhibition with that of ibuprofen.
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Table 3. Measurement of spleen and thymus weights in FCA-induced arthritis.
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Groups

	
Organs Weight (g)




	
Spleen

	
Thymus






	
Normal

	
0.21 ± 0.01

	
0.11 ± 0.01




	
Arthritic control

	
0.44 ± 0.012 #

	
0.2 ± 0.011 #




	
Indomethacin 10 mg/kg

	
0.29 ± 0.012 **

	
0.13 ± 0.016 **




	
Ibuprofen15 mg/kg

	
0.37 ± 0.01 **

	
0.14 ± 0.017 **




	
MFCP 300 mg/kg

	
0.33 ± 0.014 **

	
0.13 ± 0.017 **




	
EAFCP 300 mg/kg

	
0.41 ± 0.024 **

	
0.18 ± 0.008 **








Values are mean ± SEM for 6 animals. ** p < 0.01 vs. control group and # p < 0.01 when compared to normal control. One-way ANOVA followed by Dunnett test were used.
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Table 4. Serum lysosomal enzyme in FCA-induced arthritis.
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Groups

	
Serum Enzymes on Different Days




	
AST (U/mL)

	
ALT (U/mL)

	
ALP (U/mL)






	
Normal

	
32.33 ± 0.81

	
26.16 ± 0.98

	
42.83 ± 1.72




	
Arthritic control

	
76.66 ± 1.63 #

	
74 ± 1.6 #

	
122.66 ± 1.63 #




	
Indomethacin 10 mg/kg

	
38.16 ± 1.72 **

	
35.66 ± 1.3 **

	
42.33 ± 1.36 **




	
Ibuprofen15 mg/kg

	
42.33 ± 1.36 **

	
38.66 ± 1.03 **

	
55.83 ± 1.16 **




	
MFCP 300 mg/kg

	
45.16 ± 0.75 **

	
41.83 ± 0.75 **

	
56 ± 1.78 **




	
EAFCP 300 mg/kg

	
49.66 ± 1.5 **

	
47.5 ± 1.04 **

	
62.16 ± 1.47 **








Values are mean ± SEM for 6 animals. ** p < 0.01 vs. control group and # p < 0.01 when compared to normal control. One-way ANOVA followed by Dunnett test were used.
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Table 5. Alterations in C-reactive protein (CRP) and rheumatoid factor (RF) in FCA-induced arthritis in rats.






Table 5. Alterations in C-reactive protein (CRP) and rheumatoid factor (RF) in FCA-induced arthritis in rats.





	Groups
	RF (IU/L)
	CRP (mg/L)





	Normal control
	-
	1.19 ± 0.3



	Arthritic control
	59.71 ± 1.18 #
	7.1 ± 0.48 #



	Indomethacin (10 mg/kg)
	34.55 ± 0.96 **
	2.41 ± 0.51 **



	Ibuprofen (15 mg/kg)
	37.08 ± 0.91 **
	2.93 ± 0.51 **



	MFCP 300 mg/kg
	46.03 ± 1.25 **
	4.1 ± 0.49 **



	EAFCP 300 mg/kg
	49.34 ± 1.21 **
	6.38 ± 0.34 **







Values are mean ± SEM for 6 animals. ** p < 0.01 vs. control group and # p < 0.01 when compared to normal control. One-way ANOVA followed by Dunnett test were used.
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