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ABSTRACT 

Rheumatoid arthritis (RA) is a chronic inflammatory, autoimmune and multisystem illness. 

Owing to continued researches in this area, a large number of disease modifying anti-

rheumatic drugs (DMARDs), non-steroidal anti-inflammatory drugs (NSAIDs), 

corticosteroids and immunosuppressive drugs have become available for the therapy of 

various types of arthritic diseases. Nevertheless, it is requisite to unveil such natural 

products which may be cost effective and superior to already available synthetic anti-

arthritic drugs. Many indigenous medicinal plants have been found to contain important 

active principles, which make these plants helpful to treat many diseases.  

The present research work aimed to scientifically validate the traditional claim of Ephedra 

gerardiana Wall ex. Stapf and Ribes orientale Desf for rheumatoid arthritis. The anti-

arthritic activity of aqueous ethanolic extract and fractions (ethyl acetate, n-butanol and 

aqueous) of Ephedra gerardiana and aqueous ethanolic extract and fractions (n-butanol 

and aqueous) of Ribes orientale was evaluated by employing in-vitro and in-vivo methods. 

The in-vitro inhibition of protein (egg albumin and bovine serum albumin (BSA)) 

denaturation and human red blood cell (HRBC) membrane stabilization assays were 

performed at 50, 100, 200, 400, 800, 1600, 3200 and 6400 µg/ml concentrations of extracts 

and fractions. The in-vivo formaldehyde induced arthritis study was carried out in rats for 

10 days at 50, 100 and 200 mg/kg doses of extracts/fractions and rat paw volume/diameter 

was measured. The in-vivo Freund Complete Adjuvant (FCA) induced arthritis study was 

performed in rats for 28 days at the dose that produced maximum effect in formaldehyde 

model i.e., 200 mg/kg of extracts and fractions. In FCA model, paw volume/diameter, 

arthritic index, body weight, hematological/biochemical parameters and 

radiographic/histopathological analysis was carried out. The mRNA expression levels of 

inflammatory mediators (TNF-α, IL-1β, IL-6, NF-kB, COX-2, IL-4 and IL-10) was 

appraised using RT-PCR and serum PGE2 and TNF-α levels were estimated using ELISA. 

Moreover, in-vitro anti-oxidant activity of Ephedra gerardiana aqueous ethanolic extract 

and fractions (ethyl acetate, n-butanol and aqueous) and Ribes orientale aqueous ethanolic 

extract and fractions (n-butanol and aqueous) at 50, 100, 200, 400, 800, 1600, 3200 and 

6400 µg/ml concentrations was appraised by DPPH free radical scavenging assay and ferric 

reducing power assay. The acute, sub-acute, sub-chronic toxicity tests and resazurin 

cytotoxicity assay of biologically most active fraction i.e., aqueous fractions of Ephedra 

gerardiana and Ribes orientale were also conducted. In acute toxicity study, aqueous 

fractions of both plants were administered once orally to mice at 10, 100, 1000, 1600, 2900 
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and 5000 mg/kg doses and mice were observed for mortality/significant behavioral changes 

for 7 days post-treatment and LD50 was calculated. In sub-acute toxicity study, rats were 

administered 300, 600 and 900 mg/kg doses of aqueous fractions of Ephedra gerardiana 

and Ribes orientale orally for 14 days. In sub-chronic toxicity study, 50, 100 and 200 mg/kg 

doses of Ephedra gerardiana and Ribes orientale aqueous fractions were administered 

orally for 30 days to rats. In both sub-acute and sub-chronic studies, body weight of rats 

was recorded on weekly basis, blood was collected at the completion of study for 

hematological and biochemical analysis and vital organs (liver, kidney and heart) were 

removed at the end of study for measuring organ weight and histopathological analysis. In 

resazurin assay, the effect of 0.5% solution of Ephedra gerardiana and Ribes orientale 

aqueous fractions on Caco-2 cell viability was evaluated. Additionally, the preliminary 

phytochemical analysis, determination of total flavonoid/phenolic contents and FTIR and 

HPLC analysis of most active fraction i.e., aqueous fractions of Ephedra gerardiana and 

Ribes orientale was performed. 

In in-vitro anti-arthritic studies, aqueous ethanolic extracts and various fractions of 

Ephedra gerardiana and Ribes orientale presented a significant concentration dependent 

increase in percentage protection, with maximum effect obtained at 6400 µg/ml 

concentration. The percentage inhibition of heat induced egg albumin denaturation by 

Ephedra gerardiana aqueous ethanolic extract, aqueous, n-butanol and ethyl acetate 

fractions at 6400 µg/ml was observed as 3219.44%, 2899.30%, 2106.94% and 1533.33%, 

respectively. While, at 6400 µg/ml, Ribes orientale aqueous ethanolic extract, aqueous and 

n-butanol fractions showed 3063.88%, 2894.44% and 2557.64% inhibition of egg albumin 

denaturation, respectively. The standard drug, diclofenac sodium also exhibited 716.66% 

protection of egg albumin from heat induced denaturation at 6400 µg/ml. Likewise, in case 

of BSA denaturation inhibition study, the results explicated 99.10%, 98.59%, 92.14% and 

85.72% anti-denaturation effect by Ephedra gerardiana aqueous ethanolic extract, 

aqueous, n-butanol and ethyl acetate fractions at 6400 µg/ml, respectively. Whereas, Ribes 

orientale aqueous ethanolic extract, aqueous and n-butanol fractions showed 96.88%, 

94.74% and 86.14% inhibition of thermally induced BSA denaturation, respectively at 

6400 µg/ml. The reference drug, aspirin also exhibited 80.59% protection of BSA from 

denaturation at 6400 µg/ml. In the same way, aqueous ethanolic extract of Ephedra 

gerardiana and its aqueous, n-butanol and ethyl acetate fractions at 6400 μg/ml presented 

89.36%, 86.35%, 67.14% and 47.09% protection of erythrocyte membrane in hypotonic 

medium, respectively. While, Ribes orientale aqueous ethanolic extract, aqueous and n-
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butanol fractions at 6400 µg/ml demonstrated maximum stabilization of HRBC membrane 

as 90.69%, 86.15% and 71.23%, respectively. Diclofenac sodium (standard drug) at 6400 

µg/ml also presented 70.49% protection of erythrocytes membrane against hemolysis. The 

findings of in-vitro anti-arthritic activities hence, revealed that aqueous ethanolic extracts 

of both plants exhibited maximum effect and among the fractions, aqueous fractions of both 

tested plants showed more pronounced activity and their anti-arthritic effects were much 

closer to their respective aqueous ethanolic extracts.  

In formaldehyde induced arthritis study, animals treated prophylactically with Ephedra 

gerardiana and Ribes orientale aqueous ethanolic extracts, and their respective fractions 

exhibited significant (p<0.001) and dose dependent reduction in formaldehyde injected 

paw volume and diameter, when compared with arthritic control group. On 10th day of 

experiment, maximum decline in paw volume and diameter was observed with 200 mg/kg 

dose of Ephedra gerardiana and Ribes orientale extracts and their fractions. Rats treated 

with 10 mg/kg piroxicam also unveiled considerable reduction in paw volume and diameter 

on 10th day. Accordingly, the aqueous ethanolic extracts of both plants proved to be highly 

efficacious. Interestingly, amid the fractions, aqueous fractions of both tested plants were 

again found to be the most active ones, as their efficacy was comparable to their respective 

aqueous ethanolic extract. In FCA model, prophylactic treatment with Ephedra gerardiana 

and Ribes orientale aqueous ethanolic extracts/fractions at 200 mg/kg dose, significantly 

(p<0.001) averted an increase in paw volume/diameter of FCA injected rats and extensively 

reduced primary signs of chronic inflammation on 28th day of study, as compared to 

arthritic control rats. Also, 10 mg/kg of reference drug (piroxicam) prevented significant 

(p<0.001) increase in paw volume/diameter on 28th day, with reference to FCA control rats. 

The results too illustrated that animals treated wih Ephedra gerardiana and Ribes orientale 

aqueous ethanolic extracts/fractions and piroxicam presented significantly (p<0.001) 

decreased macroscopic arthritic score and all the treatments notably prevented body weight 

loss, compared to arthritic control animals except Ephedra gerardiana ethyl acetate 

fraction. The treatment with extracts and fractions also remarkably prevented abnormal 

alterations in hematological (WBC, RBC, Hb, ESR and platelets) and biochemical 

parameters (AST, ALT, ALP, urea, creatinine, RF, CRP). Besides, the serum samples 

examined on 28th day of study using ELISA shown a significant suppression of PGE2 and 

TNF-𝛼 levels in rats treated with Ephedra gerardiana and Ribes orientale aqueous 

ethanolic extracts, their fractions and piroxicam, compared to arthritic control rats. 

Additionally, the outcomes of RT-PCR analysis carried out at the end of study period 
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divulged a significant downregulation of COX-2, IL-1β, IL-6, TNF-α, NF-kB mRNA 

expression levels and a significant upregulation of IL-4 and IL-10 mRNA expression levels 

in all treated groups as opposed to disease control group. As well, Ephedra gerardiana and 

Ribes orientale aqueous ethanolic extracts/fractions and piroxicam averted radiographic 

modifications and ankle joint histopathological alterations, when paralleled with FCA 

control group. The afore-mentioned results of FCA induced chronic arthritis experiment 

validate that aqueous ethanolic extracts of Ephedra gerardiana and Ribes orientale showed 

maximum protection against FCA induced arthritis for all the tested parameters. Moreover, 

therapeutic effects exhibited by aqueous fractions of Ephedra gerardiana and Ribes 

orientale were again comparable to their respective aqueous ethanolic extract, hence 

suggesting aqueous fraction to be pharmacologically most active one in case of both plants.  

In in-vitro anti-oxidant assays, it was found that extracts and fractions of Ephedra 

gerardiana and Ribes orientale possessed appreciable concentration dependent anti-

oxidant potential (p<0.001). The maximum anti-oxidant effect was observed at highest 

concentration of 6400 µg/ml. In DPPH assay, Ephedra gerardiana aqueous ethanolic 

extract, aqueous, n-butanol and ethyl acetate fractions at 6400 µg/ml displayed 84.13%, 

77.63%, 72.40% and 69.78% anti-radical activity, correspondingly. While, at 6400 µg/ml, 

Ribes orientale aqueous ethanolic extract, aqueous and n-butanol fractions revealed 

82.11%, 80.28% and 73.96% free radical scavenging potential, respectively, compared to 

standard drug, ascorbic acid (91.02%). Moreover, the reducing potential of Ephedra 

gerardiana aqueous ethanolic extract, aqueous, n-butanol and ethyl acetate fractions was 

found to be 1237.23%, 1138.21%, 1035.00% and 863.73%, respectively at 6400 µg/ml. 

Similarly, Ribes orientale aqueous ethanolic extract, aqueous and n-butanol fractions 

presented 1157.60%, 1018.54% and 905.99% reducing power, respectively, when 

compared with reference drug, ascorbic acid (1336.52%) at 6400 µg/ml. 

In acute toxicity study, no dose prompted mortality/significant behavioral changes in mice 

and LD50 was >5000 mg/kg for aqueous fractions of Ephedra gerardiana and Ribes 

orientale. The sub-acute doses (300, 600 and 900 mg/kg) of aqueous fractions of Ephedra 

gerardiana and Ribes orientale did not cause alterations in body and organ weight. Non-

significant differences were observed in blood and serum parameters between treatment 

and control groups. However, with reference to control, considerable variances were seen 

only in TLC, neutrophils, platelets, ALP, albumin and glucose levels at all sub-acute doses 

of Ephedra gerardiana aqueous fraction. Whereas, in case of Ribes orientale aqueous 
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fraction, substantial differences were noticed only in the levels of neutrophils and 

lymphocytes at 900 mg/kg, total protein at 600 and 900 mg/kg and ALP and glucose at all 

doses, with reference to control. Nonetheless, aforementioned hematological and 

biochemical changes were not associated with histopathological changes in liver, kidney 

and heart tissue at all tested doses. The sub-chronic doses (50, 100 and 200 mg/kg) of 

Ephedra gerardiana and Ribes orientale aqueous fractions neither altered body and organ 

weight of rats, nor resulted in significant differences in hematology and biochemistry. This 

was also supported by histopathology (liver, kidney and heart tissue) findings at aforesaid 

doses. The results from resazurin test displayed that Caco-2 cells treated with 0.5% solution 

of Ephedra gerardiana aqueous fraction showed cell viability of 90% at 3rd h and 88% at 

24th h. While, Caco-2 cells treated with 0.5% solution of Ribes orientale aqueous fraction 

were associated with only 10% decrease in viability and integrity at 3rd h and only 11% 

reduction in viability and integrity at 24th h. Hence, this study validated that aqueous 

fractions from aqueous ethanolic extracts of Ephedra gerardiana and Ribes orientale could 

be deliberated as reasonably safe of toxicity because they neither resulted in lethality nor 

brought about any notable hematologic, biochemical and structural side effects in rodents 

especially at low doses i.e., 50, 100 and 200 mg/kg body weight given orally for 30 days. 

This further strengthen our study, as we evaluated anti-arthritic effect of Ephedra 

gerardiana and Ribes orientale at 50, 100 and 200 mg/kg doses, respectively. Nonetheless, 

the plants should be used with caution at high doses, as they may disrupt certain 

hematological and biochemical parameters in the long run. In addition, aqueous fractions 

of both plants at the concentration tested (0.5%) did not show significant toxicity and 

enhanced the chance of viability on Caco-2 cells after 3 and 24 h of incubation. 

Moreover, preliminary phytochemistry of aqueous fraction of Ephedra gerardiana and 

Ribes orientale revealed the presence of flavonoids, phenols, tannins, saponins, alkaloids 

and glycosides. The FTIR analysis of aqueous fractions of both plants shown the presence 

of different functional groups. The phenolic profile was further confirmed by HPLC 

analysis, which revealed quercetin, along with gallic, vanillic, benzoic, chlorogenic and M-

coumaric acids in Ephedra gerardiana aqueous fraction while, quercetin together with p-

coumaric, M-coumaric and cinnamic acids in Ribes orientale aqueous fraction. 

In summary, the results suggest that the mechanism of anti-rheumatic and 

immunomodulatory effect of Ephedra gerardiana and Ribes orientale may perhaps be due 

to their ability to inhibit protein denaturation, stabilize lysosomal membrane, down regulate 
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IL-1β, TNF-α, IL-6 and NF-кB and up regulate IL-10 and IL-4 levels, together with 

dropping the concentrations of inflammatory enzymes COX-2 and PGE2 that could be 

credited to anti-oxidant, anti-arthritic and immunomodulatory properties of polyphenolics 

(identified through HPLC), tannins, alkaloids and flavonoid constituents of both plants. 

The anti-arthritic response of Ephedra gerardiana was in the order of aqueous ethanolic 

extract > aqueous fraction > n-butanol fraction > ethyl acetate fraction, while, anti-arthritic 

effect of Ribes orientale was in the sequence of aqueous ethanolic extract > aqueous fraction 

> n-butanol fraction. However, further studies would be necessarily needed to identify and 

isolate active principle(s) in these plants and to elucidate the exact mechanism(s) of anti-

arthritic activity of selected plant and to establish the real efficacy and safety in patients by 

following the FDA approved protocols.  
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 1. INTRODUCTION  

1.1. Arthritis 

Arthritis, a systemic inflammatory autoimmune disorder mainly distresses joints (wrists, 

hands and feet) and worldwide influences about 1-2% of community. Although, the disease 

affects aging populace but it can impact any person with defective immune system or 

chronic bone disorder. The progression of arthritis is rapid, thus expediting swelling and 

impairment of bone and cartilage encompassing the joints (Hegen et al., 2008; 

Murugananthan and Mohan, 2011).  

1.2. Types of Arthritis 

Arthritis is mainly categorized in to osteoarthritis and rheumatoid arthritis (Figure 1) 

(Subramoniam et al., 2013). 

Osteoarthritis (OA) is often prompted by joint injury, starting from a frequent wear and 

tear, extending to soreness, swelling, painfulness, morning stiffness (<30 min), moderated 

joint activity and bursitis around knee and hip. The weakness and instability across the joint 

ensues in functional loss. OA predominantly affects joints of hands, knees and spine. 

Moreover, pathological modifications include damaged hyaline articular cartilage, hard and 

condensed subchondral bony plate, extension of articular capsule and osteophytes at joint 

border, weakness of muscles connections and mild synovitis (Bang et al., 2009; Lipsky, 

2008). 

Rheumatoid arthritis (RA) is a persistent immune arbitrated multisystem inflammatory 

ailment, described by intrusion of pannus, proliferation of tenacious synovitis, over active 

immune reactions, generation of rheumatoid factor, ultimately resulting in disability and 

decline in quality of life. Radiographic signs include wearing and narrowing of joint space, 

juxta-articular osteopenia, mutilation of articular cartilage and joint effusion (Figure 2). RA 

largely influences proximal interphalangeal, metacarpophalangeal and 

metatarsophalangeal joints, also knees and wrists joints (Figure 2) (Firestein, 2003; 

Subramoniam et al., 2013). The disease starts with mild symptoms and progresses to 

systemic features such as rheumatoid nodules, vasculitis etc (Vossenaar and van Venrooij, 

2004). Mortality rates in RA patients remain twice as raised as in common populace (Choy, 

2012).  

  

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Firestein%20GS%5BAuthor%5D&cauthor=true&cauthor_uid=12748655
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Figure 1: Pictorial representation of comparison between Rheumatoid arthritis and 

Osteoarthritis  

 

 

 

Figure 2: Symmetric joint involvement in rheumatoid arthritis and radiographic 

indications 

 



    3 

 

1.3. Worldwide burden of rheumatoid arthritis 

Globally, musculoskeletal complaints are categorized as the second leading cause of 

disability and epitomize an overall threat to healthy ageing (Brennan-Olsen et al., 2017). 

RA ensues at any age, but it is highly prevailing in older population. RA may be intermittent 

or inherited. Family history of RA accounts for 24% of affected population (Akhter et al., 

2011). This disease is also affected by socioeconomic status and environmental risk factors. 

The prevalence of this disease is escalating in lower and middle income countries (LMICs) 

with a global burden of 90% as compared to higher income countries because they have a 

much lower capacity to pay for adequate healthcare. According to the 2010 Global Burden 

of Disease (GBD) report, musculoskeletal ailments have accounted for 19.2% in LMICs 

(Brennan-Olsen et al., 2017). The global prevalence of RA in 2010 was estimated to be 

0.24% and was approximately two times higher in females than males (Cross et al., 2014).  

The prevalence of RA in Japan, China, Indonesia, Malaysia, rural Africa and Philippines is 

lower than in North America and Europe. While, USA has an incidence of 1.07% and 

natives of developing countries have low prevalence i.e., 0.2-1% in India, 0.20% in China, 

0.17% in Philippines and 0.0026% in rural Africa. However, lesser male population is 

affected with RA in West, with a proportion of 3:1. Moreover, RA occurs with a frequency 

of 0.5% in Pakistan and ratio of female over male is 8:3 (Akhter et al., 2011). 

1.4. Aetiology of rheumatoid arthritis 

The principal factors for provocation of articular disorder are still unidentified but they 

perhaps comprise neuro-immunological connections, biomechanical triggers and modified 

articular microvascular role (McInnes and Schett, 2007). Figure 3 illustrates a strong 

association between genetic, environmental and infectious factors in the progression of RA. 

1.4.1. Genetic factors 

In consonance with an investigation, the impact of genetic factors on advancement of RA 

is 50-60%. Scientifically, it has been proposed that various genes occupying short end of 

chromosome 6 inside major histocompatibility complex (MHC) play a substantial part in 

the onset of RA disease process. The key genetic risk factor for RA comprise HLA-DR4 

(DRβ1*0401), a class II MHC allele, along with DRB*0404, DRB*0101 and DRB*1402 

(Mateen et al., 2016) and a robust hereditary congruity exist between RA and polymorphic 

HLA-DRβ1 alleles. Basically, class II MHC molecules encompass single HLA-DRα and 

multiple HLA-DRβ polymorphic chains, encoded by HLA-DR sub-regions. These chains 
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comprise domains having different sequence between individuals however, similar 

sequence within an individual (McDermott and McDevitt, 1988; Gregersen et al., 1987; 

Winchester and Gregersen, 1988). In the 3rd hypervariable segment of DRβ chains, shared 

epitope (SE) that is basically a susceptibility epitope is present namely, glutamine-leucine-

arginine-alanine-alanine (QKRAA). This facilitates HLA-DR to attach and present 

particular foreign antigen to T cell that could predispose to RA (Nepom et al., 1989). As 

well, it inclines RA patients to generate antibodies against citrullinated vimentin hence, 

impelling anti-citrullinated peptide antibodies (ACPA) specificity (Mateen et al., 2016). 

Above 80% patients express epitope of HLA-DRβ1*04 while, those carrying two HLA-

DRβ1*04 alleles are vulnerable to major organ involvement, nodular disease and surgery 

associated with joint destruction (Choy, 2012).  

Single-nucleotide polymorphism across MHC has acknowledged some extra alleles linked 

with RA, such as genes prevailing on well-preserved A1-B8-DR3 haplotype and genes 

adjoining HLA-DRB1 (Choy, 2012). Other distinct genes projected to be coupled to RA 

and their tasks pertinent to pathogenesis consist of: 

Arginine to citrulline converting peptidyl arginine deiminase type IV (PADI4) enzyme 

builds up auto antigens in RA. Various citrullinated peptides predicted in anti-CCP tests 

involve fibrinogen, fibronectin, α-enolase, collagen, keratin and vimentin (Suzuki et al., 

2003). CTLA4 (Cytotoxic T lymphocyte associated antigen 4) suppress co-stimulation and 

manages the interplay amidst antigen presenting cells and T cells, while protein tyrosine 

phosphatase N22 (PTPN22) is a regulator of lymphocyte activation threshold. However, 

TNF-α receptor signaling is governed by TNF receptor-associated factor 1 (TRAF1). 

STAT4, a signal transducer and activator of transcription 4 is a cytokine signal transducer 

that manages lymphocytes subsistence, differentiation, as well as multiplication 

(Andersson et al., 2008).  

1.4.2. Environmental agents 

Smoking may perchance be linked with citrulline altered protein increment in lungs. 

Regular contact with cigarette smoke and credibly to additional environmental components 

intensify peptidylarginine-deiminase effect in triggered macrophages or those having 

apoptosis, thus expediting the mechanisms that precipitate citrulline deimination from 

arginine in auto-antigens prevailing in lungs (Vossenaar et al., 2004). This citrullination 

extends the attachment of amended proteins to shared epitope (SE) domain of HLA-DR 

alleles and hence, upturns the immunogenicity of peptide. Thus, persons expressing HLA-
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DR SE region will experience an immunologic response to citrullinated peptides (Hill et 

al., 2003). Periodontal disease is also connected with RA, as Porphyromonas gingivalis 

contains PADI4, which elevates the protein citrullination in mammals. Besides, 

gastrointestinal microorganisms are presently identified to control the progress of 

autoimmunity in animal models of arthritis (McInnes and Shett, 2011). 

1.4.3. Infectious agents 

The recognition of explicit structure in bacteria and other infectious agents by pathogen-

associated molecular pattern receptors, predominantly TLRs (toll like receptors) uphold the 

emancipation of inflammatory intermediaries, actuates antigen presenting cells and boosts 

adaptive immune responses. During infection, rheumatoid factor is produced owing to 

immune complex formation. Infectious agents and their products (heat-shock proteins), 

Epstein-Barr virus, as well as hyaluronan and fibrinogen have been accompanied with RA 

for a long time (McInnes and Shett, 2011). Retroviruses, Mycoplasma and Parvovirus B19 

incites direct synovial infection, though Epstein-Barr virus, enteric bacteria, and 

mycobacterium tuberculosis (an active constituent of Complete Freund’s adjuvant, which 

persuades arthritis in investigational animals) provoke arthritis through molecular mimicry 

of proteoglycans and QKRAA (Brentano et al., 2005).  

1.4.4. Gender 

The predominance of RA in females compared to males has anticipated that sex hormones 

may accelerate or impede its occurrence (Lahita, 1990). The autoantibody producing B 

cells have been defined to be more resilient to apoptosis when exposed to estradiol. 

Furthermore, receptors for estrogen exist on fibroblast-like synoviocytes (FLS) that on 

stimulation degrades the matrix due to upsurge in metalloproteinase assembly in synovium 

and also estrogen accelerates TNF-α production in macrophage cell lines (Lang, 2004). 

Other responsible factors studied so far include diet and stress (Lahita, 1990). 
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Figure 3: A contextual framework for aetiopathogenesis of rheumatoid arthritis 

(Adapted from McInnes and Shett, 2011). 
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1.5. Pathological processes in rheumatoid arthritis 

The clinical features discerned in RA viz rigidity, engorgement, painfulness and joint 

demolition are an upshot of chronic synovial inflammation. It is typified by an interplay of 

fibroblast like synoviocytes with innate immune system (macrophages, natural killer, mast 

and dendritic cells) and adaptive immune system (T and B lymphocytes) (Tak and 

Bresnihan, 2000). Besides, complement system proteins, immune complexes, chemokines 

carrying out inflammatory, anti-inflammatory and homeostatic actions, together with 

cytokines performing autocrine and paracrine functions are also present (Charo and 

Ransohoff, 2006) (Figure 4). Many years prior to outset of clinical arthritis, signs of 

autoimmunity can prevail in RA and autoantibodies targeted against self-peptides add to 

chronic synovitis via distinct mechanisms. The plausible autoantigens in RA consist of 

cartilage link protein, proteoglycans, gp39, aggrecan, citrullinated peptides, type II 

collagen, heat shock proteins, immunoglobulin (IgG), glucose-6-phosphoisomerase, HLA-

DR (QKRAA) and heavy-chain binding proteins (BiP) (Firestein, 2005). 

 1.5.1. Synovial immunologic processes and inflammation 

The synovial fluid contained within normal synovium cushions and lubricates the joints, 

besides provide nutrients and oxygen to cartilage covering the edges of bones. This 

cartilage furnishes support and elasticity to joints but in advance RA, its annihilation 

expedites. Additionally, pannus formation appears by virtue of assembly of inflammatory 

mediators and fluid in synovium, which provide further enzymes that impair proximate 

cartilage and exacerbates the situation (Chaudhari et al., 2014). Further, leukocytes ingress 

to synovium and progresses synovitis. Endothelial provocation in synovial micro-vessels 

transform cell movement, which augments chemokines and adhesion molecules expression 

(selectins, integrins and immunoglobulins). One of the peculiar trait of absolute synovitis 

is neoangiogenesis that is hastened by cytokines (TNF-α, IL-1 by liberating VEGF) and 

hypoxic settings. The intense synovial disturbance, local fibroblast incitement along with 

aforesaid adaptations allow the growth of inflammation in patient’s synovium (Polzer et 

al., 2008; Szekanecz et al., 2009). 

1.5.2. Innate immunity and rheumatoid arthritis 

The eminent role of innate immunity is preliminary detection of pathogens. The dendritic 

cells and macrophages encounter with foreign antigen via intracellular or membrane bound 

pattern recognition receptors, accordingly innate immune cells get actuated and brings 

about inflammatory chemokines and cytokines assemblage. However, if local recruitment 
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of effector cells and innate system molecules is inept to overcome pathogens then 

macrophages and dendritic cells navigate to local lymphoid tissues. There, MHC molecules 

present processed antigens to T cells, consequently prompting an adaptive reaction 

(Murphy et al., 2008). It has been stated that macrophages, natural killer cells and mast 

cells together with a series of innate system cells reside in synovial membrane however, 

neutrophils chiefly dwell in synovial fluid (Figure 4) (Cornish et al., 2009). 

Macrophages, the dominant effector cells of synovial inflammation (Haringman et al., 

2005), work by the dint of phagocytosis, antigen presentation, liberation of cytokines (TNF-

α, IL-1, 6, 12, 15, 18, 23), prostanoids, matrix metalloproteinases as well, reactive oxygen 

and nitrogen intermediates. Macrophages are set off by endogenic TLR elements (gp96 and 

tenascin-C), TLR 2, 3, 4, 6, 8 and NOD-like receptors (NLRs), which identify several 

damage-related and pathogen-associated molecular patterns that perhaps incorporate viral, 

bacterial and endogenic constituents (Seibl et al., 2003).  

Neutrophils influx through membrane of synovium and are triggered by elements of 

complement system, immune complexes, cytokines, prostaglandins, reactive oxygen and 

nitrogen intermediates and thereupon, plausibly adds ominously to overall hypoxic setting 

in inflamed joints. Albeit, their prime function in pathogenesis of RA is dubious, they 

produce extensive cytokines (IL-1, 6, 15, 18, TNF-α), prostaglandins, BAFF (B-cell 

activating factor), reactive oxygen intermediaries and proteases and hence, might assist a 

range of disease processes (Edwards and Hallett, 1997, Cascao et al., 2010).  

Mast cells likewise are associated with innate and adaptive immune processes of synovium. 

Mast cells are extensively disseminated in RA synovial tissue (Woolley, 2003) and explicit 

numerous pro-inflammatory cytokines, proteases, chemokines (MCP-1, 3, 4, IL-8, 

RANTES) (Nigrovic and Lee, 2007), peptides (somatostatins, kinins, substance P) and 

vasoactive amines (serotonin, histamine) (Hueber et al., 2010). 

Natural Killer (NK) cells are broadly dispersed in RA synovial membrane and institute a 

notable source of cytokines. Though, cytokine (IL-12, 15, 18) mediated stimulation of NK 

cell brings on marked NK cell cytotoxicity and cytokine discharge for instance, TNF-α and 

IFN-γ (Dalbeth and Callan, 2002).  

Inflammasome, another unique component of innate immune system comprises some 

proteins that recognize pathogens and danger signals like uric acid and muramyl dipeptides. 

Its main constituent cryopyrin is profuse in RA synovium and is integrally represented by 
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macrophages and fibroblast like synoviocytes. Cryopyrin is connected to caspase 1 (IL-1 

convertase) through adapter proteins and caspase 1 is triggered when bacterial product 

occupies inflammasome, hence producing IL-1 (Rosengren et al., 2005). 

1.5.3. Adaptive immunity and rheumatoid arthritis 

The presence of autoantibodies and genetics of RA evidently place adaptive immunity at 

the centre of early pathological processes (Figure 4).  

1.5.3.1. T lymphocytes and their role in rheumatoid arthritis 

Instigation of T cells by a foreign antigen in heritably vulnerable patients is believed to be 

provocative incident in RA pathogenesis. The rheumatoid synovium comprises profuse 

plasmacytoid dendritic and myeloid cells, expressing cytokines (IL-12, 15, 18, 23), class II 

MHC (major histocompatibility complex) and costimulatory molecules, which are essential 

for presentation of antigen and triggering of T cell (McInnes and Schett, 2011). The 

apposite receptors on antigen presenting cells (APCs) especially, dendritic cells, B cells 

and macrophages include Class II MHC molecules. Arthritogenic peptide after being 

processed, affix to MHC glycopeptide, which is then recognized by receptors on helper T 

lymphocytes analogous to MHC antigen complex (McDermott and McDevitt, 1988). 

Nevertheless, during APC-T-cell contact, various co-stimulatory molecules are required, 

involving CD40-CD40L (for escalating inflammatory reaction) and CD28/CD80-86 (for 

inciting immunologic response). Activation of T cells initiate multiplication of endothelial 

cells, synoviocytes and pro-inflammatory cells, discharge of proteases and pro-

inflammatory cytokines, provocation of innate immune components, B cells, osteoclasts, 

detrimental chondrocytes and autoantibody generation (Lee and Weinblatt, 2001; McInnes 

and Schett, 2007).          

The main subclass of T cells called CD4+ T lymphocytes exist adjacent to HLA-DR+ 

macrophages and dendritic cells in rheumatoid synovium. Figure 5 shows differentiation 

of naive CD4+ T lymphocyte into Th1, Th17, Th2, or Treg cells that is regulated by a 

particular disease condition. In RA, CD4+ T lymphocytes demarcate in synovium, primarily 

into Th1 cells that are distinguished by T-bet gene manifestation and employ STAT4 

signaling pathway. These are responsible for pro-inflammatory cytokines (like IFN-γ and 

TNF-α) assemblage. In addition, Th17 CD4+ T cells perform vital role in inflammation of 

synovium and successive bone attrition, principally by producing IL-17 and 23. Both Th1 

and Th17 controls the distinctive inflammation allied with RA. Moreover, in RA, CD4+ T 

cells lack the distinction into Th2 effector cells, which normally stimulate the production 
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of anti-inflammatory (IL-4, 10, 13) cytokines through GATA-3 and STAT6 expression. 

Nonetheless, regulatory T (Treg) cells also exert their subduing action by numerous 

approaches such as discharge of inhibitory cytokines (IL-10 and TGFβ) and manifestation 

of CTLA-4 that impedes immune activation by competing with co-stimulation substances 

on T cells (Mateen et al., 2016). A lot of plants extracts put forth immunosuppressive action 

in inflammatory ailments, such as Litsea cubeba root restored Th1/Th2 balance in CFA 

induced arthritis in rats thus, down-regulated TNF-α, IL-1β and IL-6, up-regulated IL-10 

concentration, as well as decreased the levels of inflammatory enzymes COX-2 and 5-LOX 

(Lin et al., 2013). 

1.5.3.2. B lymphocytes and their role in rheumatoid arthritis 

B cells add to rheumatoid pathology via antigen presentation, accumulation of cytokines, 

anti-CCP autoantibodies and rheumatoid factor. B lymphocytes express cell surface 

antigens, comprising differentiation proteins like CD20 and 22 and immunoglobulin. The 

generation of colossal immune complexes by autoantibodies additionally excite pro-

inflammatory cytokines aggregation via provocation of complement system and Fc-

receptor activation (Smolen et al., 2007). The functions of B cells in RA are manifold, 

including presentation of antigens, instigation of T cell and osteoclast, autoantibody 

formation, immunoregulation, along with cytokine discharge (Bugatti et al., 2014). 

1.5.4. Role of cytokines and inflammatory mediators in rheumatoid arthritis 

Cytokines are involved in every stage of RA pathogenesis by upholding chronic 

inflammatory synovitis, autoimmunity and demolition of adjacent joint tissue. The 

distinctive rheumatoid inflammation is owing to preponderance of pro-inflammatory over 

anti-inflammatory cytokines (Mateen et al., 2016). Hence, cytokines incorporate immune 

regulation and tissue annihilation that handle clinical manifestations of RA and its 

advancement (McInnes and Schett, 2007). Cytokines bring about several essential 

biological functions such as managing immune reactions, inflammation, tissue repair, cell 

proliferation, growth and differentiation (Mateen et al., 2016) (Figure 4).  

1.5.4.1. Pro-inflammatory cytokines  

These cytokines perform multiple functions in RA for example, TNF-α elicits synovial 

fibroblasts, leukocytes and endothelial cells, instigates the assemblage of cytokines, 

chemokines, matrix metalloproteinases and adhesion molecules, excites osteoclasts and 

cartilage and bone resorption, intercedes cognitive and metabolic distress, also constrains 

the role of regulatory T cell. Likewise, IL-1α and 1β hasten the expansion of matrix 
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enzymes by chondrocytes, actuates leukocytes, endothelial cells and synovial fibroblasts, 

stimulates osteoclasts, elevates glucose breakdown, minimizes cognitive function and 

arbitrate fever. Moreover, IL-6 triggers leukocytes and osteoclasts, discerns B cells, 

controls acute-phase reaction and metabolism of lipid, as well involved in anemia and 

fatigue. Besides, IL-7 and IL-15 impedes apoptosis, retains T cell-macrophage relationship, 

also boost T cell reminiscence, T and NK cell instigation. Further, IL-17A and IL-17F work 

interdependently in order to enhance synovial fibroblasts, chondrocytes and osteoclasts 

stimulation. In addition, IL-18 supports NK cells, neutrophils and Th1 cells activation. As 

well, IL-21 incites Th17 and B cell subsets, IL-23 is involved in multiplication of Th17 

cell, IL-32 prompts the secretion of cytokines by numerous leukocytes and encourages 

differentiation of osteoclasts, whereas IL-33 elicits mast cells and neutrophils (McInnes 

and Shett, 2011).  

1.5.4.2. Anti-inflammatory cytokines  

Normally, cytokines performing anti-inflammatory roles (IL-4, 10, 11 and 13) balance the 

activities of above-mentioned pro-inflammatory cytokines. IL-4 constrains formation of 

matrix enzymes, pro-inflammatory cytokines and resorption of bone tissue whereas, IL-13 

deters pro-inflammatory cytokines and chemokines production, also transcription of IL-12 

α and β chains. However, IL-10 impedes antigen presentation by monocytes, matrix 

metalloproteinases and pro-inflammatory cytokine production (Mateen et al., 2016). 

Nevertheless, in rheumatoid milieu, this equilibrium fluctuates towards pro-inflammatory 

cytokines (Arend, 2001). 

1.5.4.3. Other inflammatory intermediates  

A series of other inflammatory intermediaries contributing to inflammation are established 

in rheumatoid synovium. The arachidonic acid prevailing in membrane phospholipids give 

rise to eicosanoids, which are a class of lipid mediators. Arachidonic acid liberated by 

phospholipase A2 activity brings about leukotrienes via 5-lipoxygenase while, 

thromboxanes, prostanoids and prostaglandins through COX-1 and 2 intermediaries. 

Several other enzymes comprising cytosolic PGE2 synthase, cytosolic group IV- PLA2, 

many types of secretory PLA2 and microsomal PGE2 synthase are associated with 

generation of prostaglandins, which in turn persuade some events relevant to bone and 

cartilage demolition in arthritis patients (Katori and Majima, 2000; Stichtenoth et al., 2001; 

Bidgood et al., 2000). 
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1.5.5. Role of chemokines in rheumatoid arthritis 

Chemotactic cytokines (chemokines) perform a vital part in RA synovial inflammation and 

joint damage by persuading leukocyte recruitment, increasing angiogenesis and assembly 

of inflammatory intermediaries (Tani et al., 2005). Chemokines have been categorized into 

CC, CXC, CX3C and C types and their receptors as CCR, CXCR, CX3CR and CR, 

accordingly. Albeit, every chemokine possess its own conventional name, they are also 

expressed as CCL, CXCL, CX3CL and CL chemokine ligands. Chemokines could be either 

homeostatic or inflammatory though, these functions usually coincide (Szekanecz et al., 

2010). Several chemokines comprising CCL2/MCP-1, CCL5/RANTES, CCL3/MIP-1a, 

CXCL10/IP-10 and CXCL8/IL-8 have been recognized in rheumatoid synovium. When 

fibroblasts and macrophages are triggered by pro-inflammatory cytokines such as IL-1, 

TNF-α, IL-6, and IFN-γ, they give rise to chemokines in synovial tissue. Contrariwise, 

chemokines can also excite the generation of a range of pro-inflammatory cytokines by 

several cells of synovium. For instance, CCL2/MCP-1, CXCL12/SDF-1 and 

CCL5/RANTES can persuade synovial fibroblasts to produce IL-6 and CXCL8/IL-8. 

Recent researches have pointed out that Th1 (key player in RA) and Th2 cells express 

discrete sets of chemokine receptors that permit their recruitment to inflammatory sites. 

Th1 lymphocytes express CXCR3 and CCR5, while Th2 lymphocytes express CCR3, 

CCR8, CCR4 and CXCR4 (Tani et al., 2005). 

1.5.6. Role of growth and differentiation elements in rheumatoid arthritis  

APRIL, proliferation-inducing ligand and BLyS, B lymphocyte stimulator play an 

important part in maturation and actuation of B lymphocytes, also augmentation of 

autoantibody generation. RANKL, receptor activator of NF-κB ligand enhances the 

maturation and activation of osteoclasts while, GM-CSF and M-CSF boost myeloid cells 

and granulocyte differentiation in bone marrow and synovium (McInnes and Shett, 2011).  

1.5.7. Signal transduction in rheumatoid arthritis 

A number of intracellular signaling molecules and transcription factors contribute towards 

rheumatism for instance, a tyrosine kinase i.e., JAK (Janus kinase) govern cytokine and 

immunoglobulin production and cytokine interceded leukocyte growth and activation; AP-

1 (transcription factor activator protein-1) regulate TNF-α and matrix enzymes; MAPK 

(mitogen-activated protein kinases) modulate cytokine and metalloproteinase generation 

(Firestein, 2003); PI3K (phosphatidylinositol 3-kinase) mediate the signals driving cell 

proliferation and survival; Syk (spleen tyrosine kinase) controls antigen and immune 
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complex mediated instigation of T and B lymphocytes and other leukocytes displaying Fc 

receptor; BTK (Bruton’s tyrosine kinase) provoke innate immune and B cells via regulation 

of Fc and B cell receptor signaling. A transcription factor, nuclear factor kappa-light-chain-

enhancer of activated B cells (NF-κB) adds to rheumatoid inflammation by controlling 

production of TNF-α, IL-8, cyclooxygenase-2 (COX-2), IL-6 and inducible nitric oxidase 

synthase (iNOS) (McInnes and Shett, 2011). The extracts and active ingredients of many 

therapeutic plants have been divulged as anti-arthritic via obstructing intracellular signaling 

of cytokines. For instance, Vitex negundo seeds with ample phenyl naphthalene-type 

lignans mitigated adjuvant induced arthritis by subsiding IL-1β, TNF-α and IL-6 levels 

while, rising that of IL-10 in serum of rats as well as down-regulating 5-LOX and COX-2 

concentration (Zheng et al., 2014). Likewise, 3-hydroxy,2-methoxy sodium butanoate 

isolated from Clerodendrum phlomidis leaves exhibited noticeable effect against RA by 

reducing the levels of plasma acute phase protein, lysosomal enzymes and mRNA 

expression of IL-6, TNF-α and IL-1 (Prakash Babu et al., 2014). Similarly, Schefflera 

octophylla and Saussurea involucrata considerably reduced adjuvant arthritis in rats by 

attenuating IL-6, TNF-α and IL-1β levels in serum (Chen et al., 2015; Han et al., 2016).  

1.5.8. Redox signaling and inflammatory reactions in rheumatoid arthritis 

1.5.8.1. Generation of ROS in rheumatoid arthritis 

ROS i.e., reactive oxygen species are assembled at the time of normal aerobic cell 

metabolism as they are necessary for regular cellular activities, involving accumulation, 

multiplication, chemotaxis and apoptosis of cells, together with directing intracellular 

signaling pathways. Despite the imperative physiological functions, an imbalanced redox 

state perhaps exhibits detrimental consequences (Filippin et al., 2008). 

1.5.8.2. Evidence of oxidative stress in rheumatoid arthritis 

Among the numerous cytokines that arbitrate the perpetuation of inflammatory process in 

RA, IL-1β and TNF-α instigate NF-κB activation cascade. As soon as TNF-α 

phosphorylates kinase kappa inhibitor, the p50 and p65 dimers of NF-κB transit to nucleus 

and adheres the proponent of pro-inflammatory genes so as to persuade NADPH oxidase 

that expedites oxygen consumption and subsequent superoxide anion (O2•-) assemblage 

(Moynagh, 2005; Droge, 2002). NF-κB augments the assembly of cytokines and matrix 

enzymes, which increase the presence of vascular adhesion molecules, attracts leukocytes 

into the joint and degrade extracellular matrix (Tak et al., 2000). The propagation of 

oxidative stress in rheumatoid joints could be connected with several elements. It has been 
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found that intra-articular pressure is colossally raised in RA joints, plausibly due to 

projection of synovial membrane, diminished joint wall conformity and joint capsule 

fibrosis. This could curtail flow rate of capillaries and aggravate in the joint a recurrent 

ischemic reperfusion injury (Hitchon and El-Gabalawy, 2004), which perhaps catalyzes 

free radical responses by releasing copper and iron ions. Hydrogen peroxide (H2O2) and 

O2•- are converted in the existence of Fe2+ (ferrous ions) or various transition metal ions, 

via Fenton reaction to HO• (hydroxyl radicals), which are credibly liable to a lot of cell 

damage linked with ROS. The HO• so formed will react instantly with adjacent elements 

for example lipids, proteins or DNA bases. Free radicals together with pro-inflammatory 

cytokines have been deliberated as arbitrators of tissue impairment in RA. In RA sera and 

synovial fluid, level of oxidative enzymes increase while, endogenous anti-oxidants 

(superoxide dismutase, glutathione, alpha-lipoic acid, coenzyme Q) decrease. At 

osteoclast-bone surface boundary during bone resorption, O2- is created by osteoclasts. 

Further, ROS contribute to inactivation of anti-proteinases, loss of joint viscosity and 

instigation of bone resorption by depolymerizing hyaluronic acid and abating synovial 

fluid. These events are amplified manifold during the prevalence of cytokines e.g., IL-1β 

as given in Figure 6 (Filippin et al., 2008).  

Apart from ROS, oxidative injury can also be driven by reactive species of nitrogen (RNS) 

i.e., ONOO- (peroxynitrite radical), which are assembled through O2•- and nitric oxide 

(NO) interplay. The L-arginine deimination brought about by NO synthase in the presence 

of O2 and NADPH generate NO and L-citrulline. The reduction of –SH groupings by 

ONOO- disturbs glutathione redox condition by modifying redox adjustment and hence, 

initiates phosphorylation of IkB by kappa-B inhibitor (I κB) kinase. This facilitates NF-κB 

translocation towards nucleus, promoting transcription of various mediators of 

inflammation (Figure 7) (Filippin et al., 2008).  

Numerous medicinal plants have been stated to reduce oxidative stress allied with arthritic 

conditions such as, Trigonella foenum graecum significantly diminished lipid peroxidation 

levels whereas, improved glutathione and superoxide dismutase levels in cartilage tissue 

(Suresh et al., 2012). Similarly, Fenugreek mucilage markedly reduced the release of 

mediators, cell influx and oxidative stress supplementary to arthritic conditions (Boban et 

al., 2006; Boban et al., 2009).  
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Figure 4: An outline of adaptive and innate immune processes and cytokine 

facilitated interactions in rheumatoid synovium (Adapted from McInnes and 

Schett, 2007).  

 

 

   Figure 5: Differentiation of naive CD4+ T cell (Mateen et al., 2016). 
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Figure 6: T-cell signaling and oxidative stress in rheumatoid arthritis (Adapted 

from Filippin et al., 2008). 

 

 

 

Figure 7: Redox signaling and inflammatory reactions in rheumatoid arthritis 

(Adapted from Filippin et al., 2008). 
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1.5.9. Cytokine mediated articular damage in rheumatoid arthritis 

The development of osteoclasts (prime mediators of bone demolition) from macrophages 

owing to the contact between RANK and RANKL necessitate the existence of M-CSF. The 

expression of RANKL is controlled by pro-inflammatory cytokines such as IL-1, 6, 17 and 

TNF-α (Schett, 2007; Teitelbaum, 2000). Conversely, IL-4 and 10 produced by GM-CSF 

and Th2 cells whereas, interferon-γ (IFN-γ) generated by Th1 cells hamper the 

differentiation of osteoclasts (Figure 8). Pannus, which is the primary cause of bone erosion 

is established at the border of bone and cartilage by the process of angiogenesis because 

bone and cartilage invasion needs augmented blood supply. Many pro-angiogenic factors 

are manifested in rheumatoid synovium but VEGF, a selective endothelial cell mitogen and 

vascular penetrability inducer performs vital part in the growth of new blood vessels 

(Paleolog, 2002; Koch, 2003).  

The deterioration of cartilage involve many steps including discharge of matrix 

degenerating enzymes like MMPs (matrix metalloproteinases) and ADAMTS 

(aggrecanases). Cytokines such as IL-1 and 17 shift the chondrocytes synthesis pattern from 

matrix components to matrix deteriorating enzymes. Besides, synovial fibroblasts 

stimulated by TNF-α and IL-1 start secreting enzymes that degrade matrix and attack 

cartilage. Moreover, chondrocyte death leads to development of empty lacunae and 

prevents the cartilage to restore matrix (McInnes and Shett, 2007) (Figure 9). Medicinal 

plants have the potential to diminish structural impairment e.g., norisoboldine, an 

isoquinoline alkaloid in Radix linderae alleviated adjuvant induced joint annihilation in 

arthritic rats by decreasing the expression of IL-6, PGE2, RANKL and MMP-13 via 

pathways like p38/ERK/AKT/AP-1 (Wei et al., 2013). 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Wei%20Zf%5BAuthor%5D&cauthor=true&cauthor_uid=23396374
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Figure 8: Principal mediators regulating differentiation of osteoclast during 

rheumatoid arthritis (Adapted from McInnes and Schett, 2007). 

 

 

 

Figure 9: Chondrocyte instigation and cartilage deterioration in rheumatoid arthritis 

(Adapted from McInnes and Schett, 2007). 
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1.6. Manifestations of rheumatoid arthritis 

1.6.1. Clinical manifestations of rheumatoid arthritis  

RA presents with a broad range of symptoms. Most frequent clinical signs comprise subtle 

pain inception, joint engorgement, morning stiffness (lasting > 1 h), tendon and bursal 

involvement, soreness, as well as symmetric involvement of joints on both sides of body, 

except the cervical spine. Likewise, fatigue, weakness, weight loss, malaise, fever and 

depression also follows. These clinical features can be allied with extra-articular 

involvement for instance, vasculitis, rheumatoid nodules, Felty's syndrome, hematologic 

aberrations, visceral contribution and many others. The radiographic features of joints are 

represented by soft tissue swelling and mild juxta articular osteoporosis (Subramoniam et 

al., 2013; Lee and Weinblatt, 2001). 

1.6.2. Extra-articular manifestations of rheumatoid arthritis 

Several other organs and tissues can be involved in arthritic patients in addition to 

distinctive peripheral polyarthritis. The systemic complications accompanying chronic 

inflammation comprise cardiovascular system (pericarditis, cardiac amyloidosis, 

myocarditis, valve diseases, coronary vasculitis, ischemic heart disease, congestive heart 

failure, arrhythmia); pulmonary system (pulmonary nodules, fibrosis, interstitial lung 

disease, pleural effusion), cutaneous system (rheumatoid nodules, Raynaud’s phenomena, 

cutaneous vasculitis); nervous system (cervical myelopathy, cognitive dysfunction, 

rheumatoid nodules located within CNS, stroke, meningitis, CNS vasculitis, sensory 

peripheral neuropathy, mononeuritis multiplex, fatigue, reduced cognitive function, 

depression); renal system (glomerulonephritis, secondary amyloidosis, interstitial 

nephritis); ocular system (scleritis, keratoconjunctivitis sicca, episcleritis, vasculitis 

involving retinal vessels, peripheral ulcerative keratitis) (Vela, 2014); hematological 

system (anemia, thrombocytosis, thrombocytopenia, Felty’s syndrome, leukocytosis, 

lymphadenopathy, splenomegaly) and vascular system (vasculitis). The risk of lymphoma 

is also augmented in rheumatoid patients, perhaps by virtue of inflammatory disease 

activity (McInnes and Shett, 2011). 
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1.7. Current treatment options for rheumatoid arthritis 

The pharmacological therapeutics available for RA not only effectively reduces short-lived 

debility by treating inflammation, pain and stiffness, however also prevents lifetime 

impairment by limiting radiographic progression (Agarwal, 2011). Non-steroidal anti-

inflammatory drugs (NSAIDs) or low-dose glucocorticoids are used for symptomatic relief. 

Nevertheless, to modify the disease progression, disease modifying antirheumatic drugs 

(DMARDs) are desired for most patients. Moreover, discovery of biologic therapies have 

brought about better control of RA because they selectively block certain cytokines or 

receptors, hence, substantially reducing inflammation and slowing the progression of bony 

erosions (Tayar and Suarez-Almazor, 2010). DMARDs that are commonly considered 

comprise methotrexate, hydroxychloroquine, leflunomide and sulfasalazine. Biologics 

contain TNF-α inhibitors (infliximab, adalimumab, etanercept, golimumab and 

certolizumab), IL-1 receptor antagonist (anakinra), CTLA4-Ig fusion protein (abatacept), 

anti-IL-6 receptor antibody (tocilizumab) and anti-CD20 antibody (rituximab). 

Additionally, cyclosporine, azathioprine and cyclophosphamide also are worthwhile for 

treatment of RA (Avci et al., 2015). 

1.7.1. Complications of medical treatment of rheumatoid arthritis 

For patients suffering with RA, although the above-mentioned drugs overcome pain and 

stiffness and raise the quality of life nonetheless, these medications have to be utilized with 

great prudence owing to the probable accompanying side effects. The extended use of 

NSAIDs has been allied with augmented risk for gastrointestinal bleeding, hypertension, 

renal incompetency and congestive heart failure. However, selective COX-2 inhibitors 

exhibit more notable cardiovascular injuries. The adverse effects related with 

glucocorticoids specifically consist of Cushing’s syndrome, cataracts, cardiovascular 

morbidities, osteoporosis and blood glucose aberrations (Tayar and Suarez-Almazor, 

2010).  DMARDs are associated with gastrointestinal side effects (nausea, dyspepsia and 

anorexia), hepatotoxicity, bone marrow toxicity, mucosal ulceration, pulmonary 

complications (hypersensitivity, interstitial fibrosis, pneumonitis, pleural effusions, 

pleuritis and pulmonary nodules), retinopathy, leukopenia, neuromyopathy and elevated 

LFTs (Feely et al., 2009). On the other hand, biologics escalate the risk of infection 

associated with RA because they also repress immune system through several targets. Most 

common adverse events are injection site reactions by etanercept and adalimumab, 
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hypersensitivity reactions by infliximab and mild respiratory infections (Tayar and Suarez-

Almazor, 2010). A substantial risk of tuberculosis (TB) reactivation has also been observed 

with TNF blockers. In consequence, screening for TB and treatment of underlying TB 

before initiating anti-TNF agents is proposed. Anti-TNF therapy also escalates the risk of 

severe and systemic fungal infections for instance, coccidioidomycosis and histoplasmosis. 

Moreover, adalimumab or infliximab increases the occurrence of lymphoma. The 

simultaneous occurrence of other autoimmune disorders, like Sjögren’s syndrome, may 

also upsurge the prospect of developing lymphoma so, it becomes difficult to determine the 

impact of immunosuppressive therapies (Kahlenberg and Fox, 2011). 

1.8. Herbal Medicine-A rational approach in health care 

Therapeutic plants play an imperative part in the development of potent medicinal 

substances. As established from fossil records, the advancement of traditional therapeutic 

methods integrating plants as a source of treatment dates back to Middle Paleolithic era, 

about 60,000 years ago. Herbal preparations denoted as plant material or herbals, implicate 

the utilization of either parts of plants or whole plants to treat various ailments. Herbs are 

generally deliberated as innocuous, as they are obtained from natural sources. The use of 

herbal remedies owing to toxicity and adverse effects of synthetic drugs has prompted the 

swift growth of herbal industries (Pathak and Das, 2013). In consonance with World Health 

Organization (WHO), more than 80% of World’s population in developing countries 

employ herbal medicines for their primary health care and it is oftentimes noted that 25% 

of all currently prescribed drugs are attained from plants (Hishe et al., 2016). According to 

an estimate up to 84% people in Pakistan rely on traditional medicine for their medicine 

needs (Mahmood et al., 2012). This appraisal proposes that drugs derived from plants 

constitute a substantial section of pharmaceuticals based on natural products. Among 

several groups of secondary metabolites acquired from plants, alkaloids have provided 

numerous drugs to current pharmacopoeia e.g., analgesics (opium alkaloids), anti-

cholinergic (atropine), anti-parasitic (quinine), anti-neoplastic (vinblastine/vincristine), 

anti-cholinesterase (galantamine), etc (Raskin et al., 2002). Certainly, various well-

recognized drugs of 20th century were acquired from medicinal plants with clinical and 

pharmaceutical potentialities for instance, curare (Chondrodendron tomentosum), salicylic 

acid (Salix sp.), taxol (Taxus brevifolia), digitoxin (Digitalis purpurea) and many others 

(Mahdi, 2010).  
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Natural products present an abundant source of phytochemicals and their evolvement into 

anti-inflammatory medicines. Since, primitive period’s, people have been treated with 

bioactive constituents for their inflammatory complaints, as apparent from discovery of 

aspirin, the first anti-inflammatory and analgesic drug. Pharmacologically, bark of willow 

tree exhibits anti-inflammatory, analgesic, anti-arthritic, anti-septic and anti-pyretic 

properties. Therefore, aspirin was discovered depending upon these properties of willow 

bark since, 400 BC by Romans and Greeks and acetylsalicylic acid was marketed in 1899 

under the trademark name of aspirin as first potent drug for treating rheumatic disorders 

(Mahdi, 2010). Numerous plants are being extensively employed as anti-arthritic agents, 

owing to their active constituents (Kaur et al., 2012).  

1.8.1. Pharmacologically evaluated some anti-arthritic medicinal plants 

Some of the recently reported work on anti-arthritic potential of therapeutic plants is as 

under: 

Shabbir et al. (2018) reported that methanolic and aqueous extracts of Ziziphora 

clinopodioides considerably ameliorated rheumatoid arthritis in FCA model of arthritis as 

shown by reduction in paw edema, pannus formation, joint inflammation and bone erosion. 

Treatment with plant extracts also nearly normalized hematological and biochemical 

parameters. 

Alamgeer et al. (2017) reported potent anti-arthritic activity of aqueous ethanolic extract 

and fractions of Berberis orthobotrys. Plant extract/fractions showed anti-arthritic activity 

by significantly inhibiting egg albumin and bovine serum albumin denaturation, by 

stabilizing HRBC membrane and by suppressing paw edema in turpentine oil and 

formaldehyde models. Moreover, in Complete Freund Adjuvant model, the plant displayed 

considerable protection against arthritic lesions and body weight changes, remarkably 

ameliorated altered hematological parameters and positively modified radiographic and 

histopathological changes of arthritis.  

Alamgeer et al. (2017a) established that aqueous methanolic extract of Cuscuta reflexa 

presented potent anti-arthritic activity in formaldehyde and turpentine oil induced rat 

arthritis models by significantly reducing paw edema and joint swelling. Also, researchers 

confirmed notable protection of both bovine serum albumin and egg albumin against 

denaturation by Cuscuta reflexa. 
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Tag et al. (2016) reported that Saussurea lappa (200, 400, and 600 mg/kg) has potent anti-

arthritic activity as, it decreased serum CRP, IL-1, TNF-α, IL-6 levels and reduced total 

oxidative capability while, enhanced total anti-oxidant capacity in adjuvant induced 

arthritic rats.  

Nisar et al. (2015) evaluated anti-arthritic activity of ethanolic extract of Atropa 

accuminata. A dose dependent suppression of PGE2, NO, LTB4, TNF-α, IFN-γ, IL-1β, IL-

12, IL-2, IL-17, IL-6 and upregulation of IL-4 and IL-10 in paw tissues of adjuvant induced 

arthritic rats was observed. Moreover, plant extract positively improved hematological (Hb, 

WBC, ESR and RBC), biochemical (SOD, GR, GSH) parameters and serum markers (CRP, 

RF).  

Sundaram et al. (2015) explored anti-arthritic adequacy of Tamarindus indicus seed extract 

in FCA induced arthritic rats. The extract proved to protect bone and cartilage by deterring 

preeminent activities of hyaluronidases, exoglycosidases, matrix metalloproteinases, 

cathepsins and tartrate resistant acid phosphatases. It also mitigated augmented levels of 

TNF-α, IL-6, 1β, 23, COX-2, hydroperoxides, ROS and adjusted altered levels of 

endogenous anti-oxidant markers.  

Shafeeq et al. (2013) reported that Enicostemma axillare aqueous extract dose dependently 

reduced paw swelling, edema and inflammation in formaldehyde induced arthritis in rats.  

Singh et al. (2013) deliberated concentration dependent suppression of protein (albumin) 

denaturation and HRBC membrane stabilization by hydroalcoholic seed extract of 

Pongamia pinnata (L.)  Pierre.  

Jin et al. (2010) reported that Sophora flavescens rhizomes repressed PGE2, IL-6, NO and 

TNF-α formation from lipopolysaccharide treated RAW 264.7 cells and sturdily subdued 

chronic inflammation in adjuvant induced arthritic rats.  

Nair et al. (2012) tested Coriandrum sativum seed hydroalcoholic extract against 

formaldehyde and CFA induced arthritis. The findings intimated concentration dependent 

reduction in joint inflammation compared to control rats in both models of arthritis.  
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1.9. Medicinal plants selected for evaluation in present study  

1.9.1. Ephedra gerardiana Wall. ex Stapf 

1.9.1.1. Botanical description  

Kingdom                  :      Plantae 

Class                        :      Gnetopsida 

Order                       :      Ephedrales 

Family                     :      Ephedraceae 

Genus                      :      Ephedra 

Species                    :     Ephedra gerardiana Wall. ex Stapf 

1.9.1.2. Habit and Habitat of Ephedra gerardiana  

The Ephedraceae family comprises about 42 species of Ephedra genus (Rungsung et al., 

2015). Plants of this family are indigenous to Himalayan mountains from Afghanistan to 

Bhutan (Akbar et al., 2011). Ephedra gerardiana (Figure 10) is a low, evergreen, 

extensively branching shrub of xerophytic habit. It grows in exposed situations on dry rocks 

and even sandy deserts. It possess few leaves; round, red, edible fruits that ripen in autumn 

and fibrous stalks from which small yellow flowers directly arise. It requires scanty water 

to survive, and even grows in soil with high salt content (Rungsung et al., 2015). The plant 

normally grows to around 15-45 cm in height (Akbar et al., 2011).  

1.9.1.3. Ethno-medicinal uses of Ephedra gerardiana 

In Pakistan, Ephedra gerardiana (Local name: Asmani Booti, Sopat, Soopt (Urdu) Sopt, 

Soom (Shina), is found mostly in Gilgit Baltistan and Muzaffarabad (Azad Jammu and 

Kashmir). The local people commonly use whole plant, roots and stem for treating 

rheumatism and painful joints. The plant is crushed, boiled, mixed with common salt and 

then applied to relieve painful joints (Qureshi et al., 2006; Gorsi and Miraj, 2002). Also, 

decoction of root is used for rheumatism and syphilis (Ishtiaq et al., 2012). The whole plant 

is used for fractured bones (Qureshi et al., 2006). Juice of berries is given in respiratory 

tract infections. The alcoholic extract is very effective in controlling asthma and heart 

failure. The alkaloid ephedrine and pseudoephedrine obtained from the shrub are used to 

cure heart disease, hay fever and asthma (Gorsi and Miraj, 2002). The root stimulates the 

heart and vasodilates blood vessels. It is also used in anesthesia. The fruit is used as blood 

purifier and tooth paste (Ishtiaq et al., 2012).  
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1.9.1.4. Reported pharmacological activities of Ephedra gerardiana 

The plant has previously been investigated for some pharmacological activities such as 

anti-asthmatic (Chaitanya et al., 2014), anti-bacterial, anti-oxidant (Kumar and Singh, 

2011), phytotoxicity and anti-tumor activities (Jamil et al., 2012). 

1.9.1.5. Reported phytochemical constituents of Ephedra genus 

The main active ingredients of Ephedra are ephedrine type alkaloids that comprise 0.5 to 

2.5% of total mass. The alkaloids isolated from Ephedra species consist of ephedrine, 

norephedrine, N- methylephedrine, pseudoephedrine, norpseudoephedrine, N- 

methylpseudoephedrine and ephedroxane. Ephedrine, the major alkaloid comprises 30 to 

90% of total alkaloidal content followed by pseudoephedrine, with trace amount of other 

ephedrine type alkaloids (Rautela et al., 2018; Caveney et al., 2001). Total alkaloid content 

may reach 1 and 2% in Ephedra gerardiana stems (Caveney et al., 2001) and includes 

ephedrine, nor ephedrine, methyl ephedrine and pseudoephedrine (Watanabe et al., 1996). 

Clinically, Ephedrine has bronchodilator and vasoconstrictor effects, which are beneficial 

in the control of asthma and nasal congestion. It has diuretic properties, enhances uterine 

contractions, and has anti-inflammatory effects (Attard and Vella, 2009). Pseudoephedrine 

and ephedroxane, the most important alkaloids in various Ephedra species have earlier been 

reported to possess anti-inflammatory and analgesic effects (Abourashed et al., 2003; 

Hyuga et al., 2016). 

1.9.2. Ribes orientale Desf. 

1.9.2.1. Botanical description  

Kingdom                  :      Plantae 

Class                        :      Angiosperm 

Order                       :      Saxifragales 

Family                     :      Grossulariaceae 

Genus                      :      Ribes 

Species                    :     Ribes orientale Desf. 

1.9.2.2. Habit and habitat of Ribes orientale 

The currant and gooseberry genus Ribes (Grossulariaceae) consist of approximately 200 

species of evergreen, deciduous shrubs (Kendir and Köroğlu, 2015). Ribes orientale 

(Figure 11) is a deciduous shrub that flowers from April to May and grows to 1.8 m (6ft). 

The flowers are dioecious and pollinated by insects (Mabey, 1974). It is found in stony 

slopes and rocks to 4000 m in Himalayas (Polunin and Stainton, 1984).  
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1.9.2.3. Ethno-medicinal uses of Ribes orientale 

In Pakistan, Ribes orientale Desf. (Local name: Ghonashatooh (Shina)) is found in Gilgit 

Baltistan, where local people commonly use roots for headache, fever, rheumatism and 

joints pain (Khan and Khatoon, 2007). Ribes orientale leaves have been used in folk 

medicine in Turkey as diuretic and diaphoretic (Kendir and Köroğlu, 2015). 

1.9.2.5. Reported pharmacological activities of Ribes orientale 

Ribes orientale has been reported to possess anti-oxidant activity (Kendir and Köroğlu, 

2015). 

1.9.1.4. Reported phytochemical constituents of Ribes genus 

Berries fruits are generally rich source of phenolic compounds. They are also called as 

super fruit, owing to numerous health benefits ascribed to anti-oxidant properties of berries 

(Lyall et al., 2009). Ribes species comprise many active constituents such as tannins, 

flavonoids, anthocyanins, biphenyls, nitrile containing compounds, aromatic compounds 

(terpenes, esters and alcohols) and polyunsaturated fatty acids (Kendir and Köroğlu, 2015). 

The major subclasses of flavonoids and phenolic acids found in berries consist of 

anthocyanins, ellagitannins, flavonol glycosides, benzoic acid derivatives, cinnamic acid 

derivatives, flavan-3-ols and proanthocyanidins (Määttä et al., 2003; Mendelová et al., 

2016). The anti-inflammatory activity of proanthocyanidins isolated from blackcurrant 

(Ribes nigrum L.) have been reported (Garbacki et al., 2005). Likewise, methanolic and 

ethyl acetate extract of Ribes glaciale Wall have shown a significant anti-inflammatory and 

analgesic activity (Sati et al., 2015).  
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Figure 10: Representative photograph of Ephedra gerardiana aerial parts  

 

 

 

 

Figure 11: Representative photograph of Ribes orientale roots 
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1.10. Justification of research work 

Pakistan is bestowed with approximately 6000 species of wild plants and out of these, 

almost 400-600 medicinal plants are being used by about 84% of natives for treating their 

ailments (Alamgeer et al., 2018). Herbal medicines have been selected in this study as they 

offer an alternative treatment for diseases that require lifelong pharmaceutical medications 

such as, rheumatoid arthritis. Also, herbs are easily available, possess greater efficacy and 

free from noxious effects as compared to synthetic drugs (Ahmed et al., 2005). Moreover, 

synthetic drugs offer symptomatic treatment. Symptom relief is only a section of medicinal 

plants therapeutic strategies (Karimi et al., 2015). Many investigators have therefore, 

focused in modern era on natural products attained from therapeutic plants for instance, 

flavonoids, alkaloids, polyphenols, steroids, coumarins and terpenes because of their 

widespread pharmacological implications including anti-inflammatory, analgesics and 

anti-arthritic activities with minor unwanted effects (Kadam and Bodhankar, 2013). For 

developing countries like Pakistan, where majority of population is poor, high cost 

therapies are out of the reach of common man and unavailability of synthetic drug 

treatments affect the impact of RA. So, investigation of bioactive constituents of plants and 

pharmacological evaluation would provide the base for evolving new lead molecules that 

might be safe, cost effective and preferable to currently prevailing synthetic anti-arthritic 

drugs and thus, favor natural product drug discovery. Recently, it has been reported that a 

total of 371 medicinal plants of Pakistan are being used both externally as well as internally 

by local healers for the treatment of inflammation, joint pain and rheumatoid arthritis 

(Alamgeer et al., 2018). So, besides the existence of numerous proofs on the efficacy of a 

lot of native therapeutic plants, it is the necessity of time to emphasize on scientific 

evaluation of new and novel drugs from native plants for treating rheumatoid arthritis in 

order to aid the ailing humanity. Keeping in view these facts, present research proposal was 

designed to scientifically evaluate Ephedra gerardiana and Ribes orientale against 

rheumatoid arthritis. 
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1.11. Aims and objectives of present study 

Ephedra gerardiana and Ribes orientale have been empirically used since decades by 

traditional herbal practitioners in various forms for the treatment of various ailments 

including rheumatoid arthritis and joint pain. The present research work was aimed at 

following objectives.  

1. To scientifically validate the folkloric claim of Ephedra gerardiana and Ribes 

orientale by evaluating their efficacy in rheumatoid arthritis using various in-vitro 

assays and in-vivo animal models.  

2. To determine the possible mechanism of action of aqueous ethanolic extract and 

various fractions of Ephedra gerardiana and Ribes orientale in rheumatoid arthritis 

and to correlate their effects with reference drug. 

3. To contrast the anti-arthritic effect of crude extracts and their various fractions with 

each other so, as to determine which one is most effective. 

4. To conduct acute toxicity, sub-acute toxicity, sub-chronic toxicity and cytotoxicity 

studies of biologically most active fraction of Ephedra gerardiana and Ribes 

orientale in order to establish their safety profile. 

5. To identify phytoconstituents from most active fraction of Ephedra gerardiana and 

Ribes orientale through FTIR and HPLC techniques and to find out the chemical 

compounds responsible for anti-arthritic action in active fraction. 

6. To scientifically explore traditional medicinal plants being used in arthritis and joint 

pain with an intention to discover a natural worthwhile source of innovative 

structures for the revelation of newer drugs with more safety and efficacy.   

 

 

 

 

 

 

 

 



    30 

 

2. MATERIALS AND METHODS 

2.1. Chemicals  

For extraction of plants, ethanol, dichloromethane, n-hexane, ethyl acetate and n-butanol 

were bought from Sigma-Aldrich, USA. 

The following chemicals and drugs were used for in-vitro experiments. Fresh hen’s egg 

albumin and Human blood (from healthy human). Bovine serum albumin, diclofenac 

sodium, aspirin, sodium chloride, sodium hydroxide, trichloro acetic acid, DPPH, 

magnesium powder, aluminium chloride hexahydrate, sodium nitrite, quercetin, gallic acid 

and Folin-Ciocalteu reagent. The aforementioned chemicals were purchased from Sigma-

Aldrich, USA. Potassium ferricyanide, ferric chloride, ascorbic acid, di-sodium hydrogen 

phosphate, dextrose, sodium citrate were obtained from MERCk, Darmstadt, Germany. 

Potassium di-hydrogen phosphate, potassium chloride, hydrochloric acid and citric acid 

were acquired from Riedel-de Haën, Seelze, Germany.  

The chemicals and drugs used for in-vivo experiments contained formaldehyde (VWR,  

International Ltd, England), Freund’s complete adjuvant and piroxicam (Sigma-Aldrich, 

USA), ELISA kits for PGE2 and TNF-α (Abcam, UK), TRIzol reagent (Favorgen, Vienna, 

Europe), cDNA synthesis kit (Thermo Fermentas), SYBR Green (2X) PCR master mix 

(Thermo Fischer Scientific, America), PCR master mix (Thermo Fermentas), 

Nuclease/RNase free water (Thermo Fischer Scientific, America), PCR loading dye 

(Thermo Fischer Scientific, America), DNA ladder (Thermo Fischer Scientific, America), 

chloroform (Sigma-Aldrich, USA), isopropanol (Sigma-Aldrich, USA) and gene specific 

primers (IL-1β, TNF-α, IL-10, NFkB, IL-4, COX-2, IL-6, GAPDH). 

2.2. Experimental animals 

Healthy animals including Sprague Dawley rats and Swiss albino mice were used for the 

experiments. The animals were dealt in consonance with standard practices governed by 

National Research Council (NRC, 2011) and were held in composed environment of 23-25 

°C temperature as well as, light and dark period of 12 h at animal house, College of 

Pharmacy, University of Sargodha. All the research methodologies were ratified by 

Institutional Ethics Committee for Animals (Approval No. 51A45 IEC UOS). 
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2.3. Experimental Protocol 

2.3.1. Collection and identification of medicinal plants 

The aerial parts of Ephedra gerardiana Wall. ex Stapf and roots of Ribes orientale Desf 

were collected from Gilgit-Baltistan, Pakistan and were recognized and validated by Dr. 

Shair Wali Khan of Department of Biological Sciences, Karakoram International 

University, Gilgit, Pakistan. The voucher specimen of Ephedra gerardiana was numbered 

as EG-15-18 and Ribes orientale was numbered as RO-15-19. For future citation, these 

voucher specimen were deposited in College of Pharmacy herbarium at University of 

Sargodha. 

2.3.2. Extraction and fractionation of medicinal plants 

The dry and grounded aerial parts of Ephedra gerardiana and roots of Ribes orientale (3 

kg) were extracted separately through cold maceration technique, utilizing 10 L solvent 

(v/v 70:30 of ethanol and distilled water). The grounded material was soaked for three days 

in solvent. After three days of daily stirring on intermittent basis, the filtration was done 

using Whattman-1 filter paper (Figure 12a). The aforementioned procedure was conducted 

thrice and assembled filtrate was evaporated utilizing rotary evaporator, set at -760 mm Hg 

reduced pressure and 40 to 50 °C temperature (Figure 12b). Afterwards, Ephedra 

gerardiana and Ribes orientale aqueous ethanolic extracts were air dried to attain a thick 

and semi-solid extract, resulting in 21.30% and 5.91% yield, respectively (Figure 12d).  

Activity directed fractionation of crude extracts of both plants was done with different 

organic solvents such as n-hexane, dichloromethane (DCM), ethyl acetate and n-butanol 

(Figure 12c). For this reason, aqueous ethanolic extracts of both plants (130 g) were 

solubilized in distilled water, individually. For each plant, resultant solution was mixed 

separately with equivalent proportion of n-hexane in a separating funnel, shaken actively 

and let on to partition into two layers. The upper layer was collected and similar process 

was adapted two times more. The collected fractions were combined and lastly 

concentrated via rotary evaporator in reduced pressure of -760 mmHg to get relevant 

fraction. Alike, the residual aqueous layer was treated thrice with DCM to attain 

corresponding fraction. Then the remaining layer i.e., aqueous was additionally processed 

3 times with ethyl acetate for respective fraction. Again, the leftover aqueous layer was 

treated thrice with n-butanol for particular fraction. Eventually, the aqueous fraction was 

obtained by evaporating the residual aqueous layer (Alamgeer et al., 2017).  



    32 

 

In case of Ephedra gerardiana, n-hexane (2.30%) and DCM (1.53%) fractions produced 

very low yield thus, only aqueous (EGAF, 67.72%), n-butanol (EGBF, 16.92%) and ethyl 

acetate (EGEAF, 11.53%) were used to perform experiments (Figure 13). Likewise, for 

Ribes orientale, n-hexane (2.15%), DCM (1.53%) and ethyl acetate (2.46%) produced very 

low yield so, only aqueous (ROAF, 68.48%) and n-butanol (ROBF, 25.38%) fractions were 

used to perform experiments (Figure 14). The aqueous ethanolic extracts and fractions of 

aforementioned plants were used in all the experiments after dissolving in distilled water. 

The Figure 15 shows scheme of research work.  
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a.                                                                   b.  

         

        

               

 

                              c.                                                                 d.  

 

Figure 12: Extraction and fractionation of selected medicinal plants. a. Plant extract 

filtration, b. Extract evaporation via rotary evaporator, c. Fractionation of plant extract, d. 

Air drying of filtered mass  
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Figure 13:  Flow sheet diagram presenting the preparation of 70:30 aqueous ethanolic 

extract of Ephedra gerardiana (EGAEE) aerial-parts and its fractionation. EGHF = n-

hexane fraction, EGDCMF = Dichloromethane fraction, EGEAF = ethyl acetate fraction, 

EGBF = n-butanol fraction and EGAF = aqueous fraction. 
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Figure 14:  Flow sheet diagram presenting the preparation of 70:30 aqueous ethanolic 

extract of Ribes orientale (ROAEE) roots and its fractionation. ROHF = n-hexane 

fraction, RODCMF = Dichloromethane fraction, ROEAF = ethyl acetate fraction, ROBF = 

n-butanol fraction and ROAF = aqueous fraction. 
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Figure 15: Schematic diagram of research protocol 
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2.4. Pharmacological studies on aqueous ethanolic extracts and fractions 

of Ephedra gerardiana and Ribes orientale 

2.4.1. In-vitro anti-arthritic activities 

2.4.1.1. Evaluation of anti-arthritic activity against protein (Bovine serum albumin (BSA)) denaturation 

Concisely, in order to assess anti-arthritic potential, different solutions of aqueous ethanolic 

extracts and particular fractions of Ephedra gerardiana and Ribes orientale were prepared 

as under.  

Test control solution: The 5% w/v aqueous solution of BSA (0.45 ml) and 0.05 ml of 

distilled water were combined to prepare 0.5 ml solution of test control.  

Product control solution: The 0.05 ml of different concentrations (50, 100, 200, 400, 800, 

1600, 3200 and 6400 µg/ml) of aqueous ethanolic extracts/fractions of both plants and 

standard drug aspirin were added separately to 0.45 ml of distilled water to make 0.5 ml of 

respective product control solution.  

Test solution: The 0.45 ml of BSA and 0.05 ml of afore-mentioned concentrations of 

aqueous ethanolic extracts/fractions of both plants and standard drug aspirin produced 0.5 

ml of respective test solution.  

After adjusting the pH to 6.3 of above-mentioned solutions using 1 N HCl, all mixes were 

incubated for 20 min at 37 °C (Figure 16a) and thereafter heated at 57 °C for 3 min (Figure 

16b). Later, the solutions were cooled and supplemented with 2.5 ml of phosphate buffer. 

Lastly, at 660 nm, absorbance was detected utilizing UV-Visible spectrophotometer 

(Figure 16c) (Narayani et al., 2014). The percentage BSA denaturation inhibition was 

computed as below. 

Inhibition Percentage = 100 – Absorbance test solution – Absorbance product control × 100 

                                      Absorbance test control 
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2.4.1.2. Evaluation of anti-arthritic activity against protein (Egg albumin) 

denaturation  

In this experiment, 5 ml of reaction mixture comprised 0.2 ml of fresh albumin from hen’s 

egg, 2 ml of Ephedra gerardiana and Ribes orientale aqueous ethanolic extracts and their 

respective fractions at different concentrations (50, 100, 200, 400, 800, 1600, 3200 and 

6400 µg/ml) and 2.8 ml of phosphate buffered saline of pH 6.4. Diclofenac sodium, the 

reference drug was used at analogous concentrations. However, control solution contained 

similar quantity of double distilled water. Afterwards, at 37 ± 2 °C, all the solutions for 15 

min were incubated (Figure 16a) and thereupon heated for 5 min at 70 °C (Figure 16b). 

Eventually, at 660 nm absorbance was observed after cooling the solutions (Figure 16c). 

The percentage inhibition of egg albumin denaturation was computed as below (Kumar et 

al., 2014).  

Inhibitory Percentage = (Absorbance of control solution– Absorbance of test solution) 

X 100 

                                 Absorbance of control solution 

2.4.1.3. Evaluation of HRBC (Human red blood cell) membrane stabilization activity  

The current investigation was centered on measuring the HRBC membrane stabilizing 

characteristic of test samples against heat and hypotonicity persuaded membrane lysis.  

2.4.1.3.1. Preparation of reagents 

Alsevers solution: The preparation of 100 ml Alsevers solution included dissolving 

sodium citrate (0.8 g), dextrose (2 g), citric acid (0.05 g) and sodium chloride (0.42 g) in 

distilled water.  

Hypotonic saline solution: The sodium chloride (0.36 g) and distilled water were used to 

prepare 100 ml hypotonic saline solution.  

Isotonic saline solution: The sodium chloride (0.85 g) was stirred in distilled water to 

obtain 100 ml isotonic saline solution.  

Phosphate buffer (pH 7.4): In order to prepare 100 ml of pH 7.4 phosphate buffer (0.15 

M), sodium chloride (8 g), disodium hydrogen phosphate (2.38 g) and potassium 

dihydrogen phosphate (0.19 g) were dissolved in distilled water (Alamgeer et al., 2015).  
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2.4.1.3.2. Preparation of 10 % v/v HRBC suspension 

The blood was attained from healthy humans who did not take any NSAID’s 2 weeks before 

conducting experiment and was added to equivalent quantity of Alsevers solution  

Subsequently, blood solution at 3000 rpm was centrifuged (Figure 16d). Then, after 

separating the packed cells and washing with isosaline, the suspension of HRBC (10% v/v) 

was prepared with isosaline (Alamgeer et al., 2015).  

2.4.1.3.3. Procedure of membrane stabilization assay 

The following solutions were prepared.  

Test solution: The phosphate buffer (1 ml), hypotonic saline (2 ml), 10% v/v HRBCs (0.5 

ml) and 0.5 ml of different concentrations (50, 100, 200, 400, 800, 1600, 3200 and 6400 

µg/ml) of standard drug diclofenac sodium, Ephedra gerardiana and Ribes orientale 

aqueous ethanolic extracts and their fractions produced respective test solution.  

Test control solution: The 10% HRBCs (0.5 ml), distilled water (2 ml) and phosphate 

buffer (1 ml) were combined to prepare test control solution.  

The preceding mixes at 37 °C were incubated (Figure 16a) for 30 min and then at 3000 rpm 

were centrifuged (Figure 16d). After pouring off the supernatant, hemoglobin content was 

assessed spectrophotometrically (Figure 16c) at 560 nm. The HRBC membrane 

stabilization/protection percentage was determined as mentioned below (Alamgeer et al., 

2015):  

Percentage HRBC protection = 100- [(Sample Absorbance / Control Absorbance) × 100] 
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                              a.                                                                     b. 

 

           

c.                                                                      d.  

 

Figure 16: Instruments used for in-vitro experiments. a. Incubator, b. Oven                             

c. UV-Visible Spectrophotometer, d. Centrifugation machine. 
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2.4.2. In-vivo anti-arthritic activities 

2.4.2.1. Evaluation of anti-arthritic activity against formaldehyde induced arthritis 

The doses selected for this experiment were initially screened by performing preliminary 

anti-inflammatory activities, the results of which have not been mentioned here. In this 

experiment, Sprague Dawley rats were alienated in to various groups (n=5).  

Group 1: Arthritic Control (2% formaldehyde (0.1 ml) + distilled water (3 ml/kg)). 

Group 2: 0.1 ml of 2% formaldehyde + 10 mg/kg piroxicam. 

Group 3, 4 and 5: 0.1 ml of 2% formaldehyde + Ephedra gerardiana aqueous ethanolic 

extract (50, 100 and 200 mg/kg, correspondingly). 

Group 6, 7 and 8: 0.1 ml of 2% formaldehyde + aqueous fraction of Ephedra gerardiana 

(50, 100 and 200 mg/kg, respectively). 

Group 9, 10 and 11: 0.1 ml of 2% formaldehyde + n-butanol fraction of Ephedra 

gerardiana (50, 100 and 200 mg/kg, in that order). 

Group 12, 13 and 14: 0.1 ml of 2% formaldehyde + ethyl acetate fraction of Ephedra 

gerardiana (50, 100 and 200 mg/kg, respectively). 

Group 15, 16 and 17: 0.1 ml of 2% formaldehyde + Ribes orientale aqueous ethanolic 

extract (50, 100 and 200 mg/kg, correspondingly). 

Group 18, 19 and 20: 0.1 ml of 2% formaldehyde + aqueous fraction of Ribes orientale (50, 

100 and 200 mg/kg, respectively). 

Group 21, 22 and 23: 0.1 ml of 2% formaldehyde + n-butanol fraction of Ribes orientale 

(50, 100, 200 mg/kg, in that order). 

On the first day, 30 min after administering the test substance orally, acute non-

immunological arthritis was persuaded in rats by injecting 2% formaldehyde solution (0.1 

ml) in sub-plantar region of their left hind paws and repeated on 3rd day. The animals were 

treated for 10 days with extracts/fractions and arthritis was evaluated by measuring paw 

volume and paw diameter using digital plethysmometer (Figure 17a) and digital vernier 

calliper (Figure 17b), accordingly during a period of 10 days. The percentage inhibition of 

paw edema and volume of diseased rats by extracts and fractions was compared with 

arthritic control rats. The formula mentioned below was used to calculate percentage 

inhibition (Alamgeer et al., 2015). 

  Percentage inhibition = Mean paw edema of Arthritic Control rats – Mean paw edema of Treated rats x 100 

                                                              Mean paw edema of Arthritic Control rats  
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2.4.2.2. Evaluation of anti-arthritic activity against Freund Complete Adjuvant (FCA) 

induced arthritis 

In FCA induced in-vivo model of arthritis, dose selection was based on formaldehyde 

induced arthritis study and highest effective dose i.e., 200 mg/kg of both plants 

extracts/fractions was chosen to evaluate their activity against arthritis. Experimental 

Sprague Dawley rats were alienated into different groups (n=5).  

Group 1- Vehicle Control (3 ml/kg distilled water)   

Group 2- Arthritic Control (0.1 ml FCA + 3 ml/kg distilled water) 

Group 3- 0.1 ml FCA + Piroxicam, 10 mg/kg  

Group 4- 0.1 ml FCA + Ephedra gerardiana aqueous ethanolic extract, 200 mg/kg 

Group 5- 0.1 ml FCA + Ephedra gerardiana aqueous fraction, 200 mg/kg 

Group 6- 0.1 ml FCA + Ephedra gerardiana n-butanol fraction, 200 mg/kg 

Group 7- 0.1 ml FCA + Ephedra gerardiana ethyl acetate fraction, 200 mg/kg 

Group 8- 0.1 ml FCA + Ribes orientale aqueous ethanolic extract, 200 mg/kg 

Group 9- 0.1 ml FCA + Ribes orientale aqueous fraction, 200 mg/kg 

Group 10- 0.1 ml FCA + Ribes orientale n-butanol fraction, 200 mg/kg 

In rats on day 0, arthritis was instigated by injecting FCA, 0.1 ml in sub-plantar region of 

their left hind paws excluding vehicle control rats. Drug treatment commenced on day zero, 

30 min before injecting FCA and persisted till 28th day (Ekambaram et al., 2010).  

2.4.2.2.1. Assessment of paw volume, paw diameter and body weight  

After the injection of FCA, volume of injected paws and hind paw swelling was monitored 

up till day 28 via digital plethysmometer (Figure 17a) and digital vernier calliper (Figure 

17b) at 0, 3, 7, 14, 21 and 28 days after the injection of FCA. The body weight of rats was 

also figured out at analogous days (Kumar et al., 2013). Finally, the inhibition percentage 

of paw edema/volume was estimated by the formula mentioned below.                                             

Percentage inhibition = Mean paw edema of Arthritic Control rats – Mean paw edema of Treated rats x 100 

                                                              Mean paw edema of Arthritic Control rats  
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2.4.2.2.2. Assessment of arthritic scoring 

Macroscopic arthritic scoring technique was employed to determine the frequency and 

severity of arthritis. The morphological characteristics of arthritis such as edema (swelling, 

redness) and erythema were monitored. Arthritic scoring was done visually at days 0, 7, 

14, 21 and 28 after FCA injection as described formerly. The ipsilateral and contralateral 

paws were checked for erythema and edema (Jawed et al., 2010; Shabbir et al., 2016). 

2.4.2.2.3. Assessment of hematological and biochemical parameters 

After completion of experimental period, under mild chloroform anesthesia, rats were 

sacrificed and blood was collected. Blood samples were placed partly in EDTA tubes and 

for serum separation, the remaining portion of blood samples were placed in gel comprising 

tubes. The hematologic factors like RBCs, WBCs, ESR, Hb and Platelet count were assayed 

using automated hemocytometer (Figure 17c) (Sysmex XT-1800i). Moreover, serum 

parameters comprising, AST, ALP, ALT, creatinine and urea were estimated in an 

automated analyzer (Humalyzer 3500) employing diagnostic kits (Figure 17d). Likewise, 

levels of serum RF and CRP were assessed using commercial kits. The kit manufacturer’s 

instructions were followed to examine all the parameters.  

2.4.2.2.4. Assessment of serum PGE2 and TNF-α levels 

2.4.2.2.4.1. Enzyme linked immunosorbent assay for PGE2 

At the end of study period, Enzyme linked immunosorbent assay was performed for PGE2 

(Abcam; ab133021) using serum samples according to kit manufacturer protocol. The 

ELISA plate reader (Bio Rad) (Figure 17e) was used. 

2.4.2.2.4.2. Enzyme linked immunosorbent assay for TNF-α 

The Enzyme linked immunosorbent assay was performed for TNF-α (Abcam; ab100784) 

using serum samples according to kit manufacturer protocol.  

2.4.2.2.5. Estimation of mRNA expression levels of inflammatory markers 

2.4.2.2.5.1. RNA extraction  

From the whole blood, total RNA was extracted using TRIzol method. 600 μl TRIzol 

reagent was added in 200 μl blood, thoroughly mixed by using vortex. This mixture was 

then subjected to incubation at room temperature for 5 min. Chilled chloroform (200 μl) 

was added, mixed vigorously for 30 s, and again subjected to incubation for 2 min at room 

temperature. This mix was then centrifuged for 15 min at 4 °C and 12000 rpm (Figure 18a). 

Clear supernatant was drawn and transformed to fresh tube. An equal proportion of 

isopropanol was added, vigorously mixed and at room temperature incubated for 10 min. 
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Then, at 4 °C and 12000 rpm, the mixture was centrifuged for 10 min. Thereafter, 75% 

ethanol (1 ml) was added, after discarding supernatant very gently. Then, at 4 °C, 

centrifugation was done at 7500 rpm for 5 min. Ethanol was removed very gently, while 

pallet was air dried. 20 μl RNase free water was added and incubated at 56 °C in water bath 

for 10 min for solubilization (Rio et al., 2010). Purity and yield of RNA was quantified 

through nanodrop spectrophotometer (Figure 18b). 

2.4.2.2.5.2. Process of reverse transcription  

The synthesis of cDNA involved reverse transcription process, following kit manufacturer 

method (Thermo Fischer Scientific, America). Concisely, 500 ng of total RNA was mixed 

with nuclease free water and 0.5 μg oligo dt18 (100 μM). Then the mixture was heated at 

65 °C for 5 min and successively chilled by placing on ice. After that, 10 mM dNTP mix, 

5X reaction buffer (containing KCl (250 mM), DTT (50 mM), MgCl2 (20 mM) and Tris-

HCl (250 mM, pH = 8.3)), RiboLock RNase inhibitor (20 units) and M-MuLV (Moloney 

Murine Leukemia Virus) reverse transcriptase enzyme (200 units) were added. This mix 

was retained for 1 h at 42 °C. Finally, the reaction was finished by heating the mixture for 

5 min at 70 °C (Figure 18c) (Shabbir et al., 2014). 

2.4.2.2.5.3. Real time polymerase chain reaction (qPCR) 

This procedure was executed by means of Bio-Rad system (Figure 18d) so as to amplify 

and quantify PCR product. Concisely, cDNA template was added to SYBR Green (2X), 

gene specific primer and RNase free water (Table 1). Later, the solution was retained in 

thermal cycler i.e., preset at 95 °C, 60 °C and 72 °C for 45 cycles of denaturation, annealing 

and termination, respectively. All the experiments were conducted in triplicate. The 

Ensembl Genome Browser was used to select genes of different inflammatory markers and 

distinct primers for those genes were generated manually and via an online accessible 

software, Primer3 Input (v. 0.4.0) (Shabbir et al., 2014). The intron-overlapping primers 

were selected only to escape contamination from genomic DNA (Table 2). 

2.4.2.2.6. Assessment of radiographic changes of joints 

The legs of sacrificed rats were removed at the point of knee joints after collecting blood 

samples. The radiographs of adjuvant injected hind paws of control and treated rats were 

obtained using automated radiographic setup i.e., Toshiba 630 MA, DS-TA-5A. The X-ray 

apparatus was regulated at 50/60 Hz, 100 V peak and 250 mA. Moreover, film focus 

distance and total exposure time were 100 cm and 12.5 s, respectively (Alamgeer et al., 
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2017). The X-ray images of each rat were examined by radiologist for radiographic 

modifications.  

2.4.2.2.7. Assessment of histopathological changes in joints 

The ankle joints were separated from left hind paws, fixed for 36 h in 10% formalin and 

submerged in a decalcifying solution (composed of potassium sodium tartrate, HCl, sodium 

tartrate and EDTA) for 48 h. The tissues were treated in order to embed in paraffin, cut at 

5 μm thickness, and then stained using eosin and hematoxylin. Finally, histopathologist 

examined the slides in a blind manner for incidence of inflammation, pannus development 

and bone erosion (Shabbir et al., 2014). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



    46 

 

 

 

Table 1: Composition of PCR master mix  

PCR master mix constituents Volume per reaction 

cDNA template 2 μl 

SYBR green master mix with ROX 10 μl 

Primer pair mix 1.5 μl from 10µM working solution 

Nuclease free water 6.5 μl 

Total volume 20 μl 

 

 

Table 2: Base pairs and forward and reverse sequences of primers  

Inflammatory 

marker 

Forward/ 

Reverse 
Primer Sequence 

Gene bank 

accession number 

Amplified 

band 

(Base 

pair) 

IL-10 
Forward 

Reverse 

5'-GCCCAGAAATCAAGGAGCAT-3' 

5'-CGTAGGCTTCTATGCAGTTG-3' 
NM_012854.2 210 

IL-4 
Forward 

Reverse 

5'-CACCTTGCTGTCACCCTGTT-3' 

5'-CCTGCAGATGAGCTCGTTCT-3' 
NM_201270.1 195 

NF-kB 
Forward 

Reverse 

5'-GCAACTCTGTCCTGCACCTA-3' 

5'-CTGCTCCTGAGCGTTGACTT -3' 
NM_001276711.1 203 

IL-6 
Forward 

Reverse 

5'-AGACTTCCAGCCAGTTGCCT-3' 

5'-CTGACAGTGCATCATCGCTG-3' 
NM_012589.2 233 

TNF-α 
Forward 

Reverse 

5'-AGGACACCATGAGCACGGAA-3' 

5'-GGGCCATGGAACTGATGAGA-3' 
NM_012675.3 234 

IL-1β 
Forward 

Reverse 

5'-GCTGTCCAGATGAGAGCATC-3' 

5'-GTCAGACAGCACGAGGCATT-3' 
NM_031512.2 293 

COX-2 
Forward 

Reverse 

5'-GCATTCTTTGCCCAGCACTT-3' 

5'-GTCTTTGACTGTGGGAGGAT-3' 
NM_017232.3 210 

GAPDH 
Forward 

Reverse 

5ʹ-TCTCTGCTCCTCCCTGTTCT-3ʹ 

5ʹ-CTTGCCGTGGGTAGAGTCAT-3 
NM_017008.4 229 
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a.                                                                     b. 

         

                                c.                                                                    d. 

 

e. 

Figure 17: Instruments used for in-vivo experiments. a. Digital plethysmometer, b. 

Digital Vernier caliper, c. Hematology analyzer, d. Chemistry analyzer, e. ELISA plate 

reader 
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a.                                                                      b. 

 

         

                            c.                                                                           d.  

Figure 18: Instruments used for polymerase chain reaction. a. Thermal centrifuge,                                    

b. Nano drop, c. Thermal cycler, d. Real Time PCR.                                     
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2.4.3. Anti-oxidant activities of Ephedra gerardiana and Ribes orientale aqueous 

ethanolic extracts and fractions  

The anti-oxidant assays were intended to appraise the shielding effect of test substances 

against oxidative injury that lead to enhanced production of reactive oxygen species (ROS), 

which in turn are involved in pathogenesis of rheumatoid arthritis and eventually 

remodeling of immune system. 

2.4.3.1. Evaluation of anti-oxidant activity using DPPH (2,2-diphenyl-1-

picrylhydrazyl) free radical scavenging assay 

In this method, various concentrations of Ephedra gerardiana and Ribes orientale aqueous 

ethanolic extracts/fractions were prepared separately. The ascorbic acid was employed as 

standard. The 1 ml of DPPH (0.004%) in methanol solution (freshly prepared) was added 

to 3 ml of each test solution in test tubes. The mixture was set aside for 30 min in dark. 

Thereafter, absorbance was noted at 517 nm. A reduction in reaction mixture absorbance 

designated an increased free radical scavenging potential. The control solutions were 

devoid of test substance. Each reaction was performed in a set of three (Shahid et al., 2014). 

Percentage inhibition of test samples was computed as below. 

Inhibition Percentage = Absorbance Control - Absorbance Sample x 100 

                             Absorbance Control 

2.4.3.2. Evaluation of anti-oxidant activity using reducing power assay 

In order to appraise anti-oxidant potentiality, various concentrations of aqueous ethanolic 

extracts/fractions of Ephedra gerardiana and Ribes orientale and standard ascorbic acid 

were mixed with 0.2 M (pH 6.6) phosphate buffer (2.5 ml) and 1% potassium ferricyanide 

(2.5 ml). The resulting solutions were incubated for 20 min at 50 °C. Then previous 

mixtures were supplemented with 10% trichloroacetic acid (2.5 ml) and centrifugation was 

done for 10 min at 3000 rpm. Thereafter, 2.5 ml reaction mixture was combined with 0.1% 

ferric chloride (0.5 ml) and distilled water (2.5 ml). Lastly, at 700 nm absorbance was 

measured. The blank solution was devoid of test substance. The reducing power was 

worked out using below stated formula (Alamgeer et al., 2017).  

                          Percentage increase in reducing power = [Abs T / Abs B] x 100 

Abs T=Test solution absorbance; Abs B=Blank absorbance. 
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2.5. Toxicological studies of aqueous fractions of Ephedra gerardiana 

and Ribes orientale 

From the findings of pharmacological activities, aqueous fractions of Ephedra gerardiana 

and Ribes orientale have been found to be biologically more active as compared to other 

fractions in rheumatoid arthritis. So, aqueous fractions were subjected to toxicological 

evaluation to establish safety profile. 

2.5.1. Evaluation of acute toxicity profile (LD50) 

Acute toxicity assessment of Ephedra gerardiana aqueous fraction and Ribes orientale 

aqueous fraction was executed by means of Lorke’s method (1983), using swiss albino 

mice (20-30 g). The experiment was performed in two phases. In 1st phase of investigation, 

9 mice were randomized into 3 groups (n=3) and administered 10, 100 and 1000 mg/kg of 

test substance orally. After dosing, mice were examined for signs of toxicity in first 4 hrs, 

intermittently during first 24 h, and afterwards daily for 7 days to notice any toxicity signs 

or mortality. In 2nd phase of investigation, second set of 9 mice were allocated into 3 groups 

(n=3) and administered 1600, 2900 and 5000 mg/kg of test substance orally depending 

upon the findings of 1st stage. The animals were inspected for behavioral changes, toxicity 

signs and mortality for 1st 4 h, then first 24 h and next daily for 7 days. The LD50 was 

calculated as (Madara et al., 2012): 

LD50 = √minimum toxic dose x maximum tolerated dose 

2.5.2. Evaluation of sub-acute toxicity profile 

The aqueous fractions of Ephedra gerardiana and Ribes orientale were evaluated for sub-

acute toxicity in consonance with the method followed by Nath and Yadav (2015), with 

slight amendments. Male/female Sprague Dawley rats (150-200 g) were used. As per the 

data of acute toxicity test, three doses i.e., 300, 600 and 900 mg/kg were selected and 

administrated orally daily for 14 days to 3 groups (n=6) of rats, respectively. The 4th group 

of rats (n=6) received only distilled water for similar period and considered as normal 

control rats.  

Subsequent to dose administration, the rats were examined every day for anomalous clinical 

presentations and mortality for 14 days period. Body weights of animals were calculated 

on first day of study and thereafter monitored weekly throughout the study period. The rats 

were fasted overnight and sacrificed on 15th day under mild chloroform anesthesia. The 
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blood was obtained via cardiac puncture in both EDTA and gel clot vacutainers, so as to 

analyze biochemical and hematological parameters, respectively. In hematological test, 

neutrophils, total leukocyte count (TLC), lymphocytes, eosinophil, monocytes, red blood 

cells (RBCs), hemoglobin (Hb), mean corpuscular hemoglobin (MCH), hematocrit (HCT), 

mean corpuscular hemoglobin concentration (MCHC), mean corpuscular volume (MCV) 

and platelets were assessed via hematology analyzer (Figure 17c). For biochemical assay, 

blood lacking the additive was subjected to centrifugation at 4 °C and 3000 rpm for 10 min. 

The serum was parted and total protein, alkaline phosphatase (ALP), alanine 

aminotransferase (ALT), albumin, aspartate aminotransferase (AST), urea, creatinine, 

lactate dehydrogenase (LDH), total cholesterol, creatinine kinase (CK), glucose and 

triglycerides were appraised by a chemistry analyzer (Figure 17e).Afterwards, vital body 

organs (liver, kidney and heart) of animals were removed, cleaned of adhering tissues, 

washed with normal saline and lastly organ weights were determined using a digital 

weighing balance. For histopathological studies, organs were stored in 10% formalin. The 

organs were cut in to sections and stained with eosin and hematoxylin for histopathological 

analysis by standard techniques. 

2.5.3. Evaluation of sub-chronic toxicity profile 

The aqueous fractions of Ephedra gerardiana and Ribes orientale were assessed for sub-

chronic toxicity, following the guidelines of OECD (Organization for Economic Co-

operation and Development, Guideline-407) with slight modifications (Singh and Kumar, 

2011). Male and female Sprague Dawley rats (150-200 g) were distributed into 4 groups of 

10 animals each. The first three groups of rats (n=10) were administered test substance 

orally for 30 consecutive days at doses of 50, 100 and 200 mg/kg, correspondingly. 

Whereas, rats of fourth group (n=10) were included as normal control and received only 

distilled water for the same duration.  

After dose administration, rats were inspected every day for any anomalous clinical 

presentations and mortality for 30 days period. Body weight of rats was calculated on first 

day of study and thereafter monitored weekly during the course of study. Rats were fasted 

overnight and sacrificed so as to collect the blood via cardiac puncture on 31st day of 

examination. The hematologic samples were collected partly in EDTA vacutainers and 

partly in gel containing vacutainers for serum separation. The blood was analyzed for 

hematological parameters (neutrophils, total leukocyte count (TLC), lymphocytes, 

eosinophil, monocytes, mean corpuscular hemoglobin (MCH), hemoglobin (Hb), mean 
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corpuscular hemoglobin concentration (MCHC), hematocrit (HCT), red blood cells 

(RBCs), mean corpuscular volume (MCV) and platelets) using hematology analyzer 

(Figure 17c). The serum was analyzed for biochemical (alanine aminotransferase (ALT), 

albumin, total protein, aspartate aminotransferase (AST), creatinine, alkaline phosphatase 

(ALP), urea, creatinine kinase (CK), total cholesterol, lactate dehydrogenase (LDH), 

glucose and triglycerides) parameters via chemistry analyzer (Figure 17e). Afterwards, 

kidney, liver and heart of rats were removed, cleaned of adhering tissues, washed with 

normal saline and finally organ weights were measured. The organs were then preserved in 

formalin solution (10%), sections were prepared and then stained with eosin and 

hematoxylin to observe histopathological changes, if any. 

2.5.4 Evaluation of cytotoxicity profile by resazurin test 

The in-vitro effect of aqueous fractions of Ephedra gerardiana and Ribes orientale on cell 

viability was evaluated by resazurin assay using a previously used method (Vetter et al., 

2010). Percentage of viable cells was calculated using the following equation: 

 

 

2.6. Phytochemical analysis of aqueous fractions of Ephedra gerardiana 

and Ribes orientale  

2.6.1. Preliminary phytochemical assessment  

Standard protocols were followed to observe the existence of phenols, alkaloids, 

glycosides, flavonoids, saponins and tannins in aqueous fractions of Ephedra gerardiana 

and Ribes orientale (Odeja et al., 2015).  

2.6.2. Determination of total flavonoid content (TFC) 

The aluminium chloride colorimetric method was used to determine total flavonoid 

contents in aqueous fractions of Ephedra gerardiana and Ribes orientale, respectively 

(Pranuthi et al., 2014). The 0.5 ml of test substance was mixed with 5% sodium nitrite (0.15 

ml) and 2 ml distilled water and then subjected to incubation for 6 min. Thereafter, 10% 

aluminium chloride hexahydrate (0.15 ml) was mixed with previous solution. The mixture 

for 6 min was again incubated and subsequently 2 ml of 4% NaOH was supplemented to 

this mix. Afterwards, by adding methanol, the volume of reaction mixture was made up to 

5 ml. Next, after 15 min incubation, the absorbance of final solution was taken at 510 nm 

× 100 Cell Viability (%) =  

Experimental values − Negative control  

Positive control − Negative control 
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(Figure 16c). The total flavonoid content was stated as µg quercetin equivalents/ml test 

substance from quercetin linear regression curve. 

2.6.3. Determination of total phenolic content (TPC) 

In aqueous fractions of Ephedra gerardiana and Ribes orientale, total phenolic content was 

determined using Folin-Ciocalteu method (Jain et al., 2014). In order to prepare calibration 

curve, 1 ml of gallic acid solution (0.01, 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09 and 

0.10 mg/ml, respectively) in methanol was added to 4 ml of sodium carbonate (20%) and 

5 ml of Folin-Ciocalteu reagent (diluted ten folds). After 1 h, absorbance of solutions was 

observed at 765 nm and calibration curve was plotted. 1 ml of each test sample (0.001 

g/ml), respectively was mixed with same reagent as mentioned above and 1 h later, 

absorbance of this solution was noted at 765 nm (Figure 16c). Each reaction was performed 

in triplicate. With respect to reference drug, gallic acid, the quantification was carried out. 

The phenolic content in test samples was deliberated as gallic acid equivalents (GAE) by 

below mentioned formula. 

T = C x V / M 

      T = Total phenolic content in mg GAE/g test sample. 

      C = Gallic acid concentration (mg/ml) measured from calibration curve. 

      V = Volume (ml) of test sample; M = Weight (g) of extract. 

2.6.4. Determination of functional groups using Fourier Transform Infrared 

Spectrophotometer (FTIR) 

The types of chemical bonds (functional groups) present in aqueous fractions of Ephedra 

gerardiana and Ribes orientale were identified using FTIR, following a previously used 

method (Alamgeer et al., 2017). The spectral data obtained was compared with reference 

chart to ascertain functional groups present in the samples. 

2.6.5. Determination of phenolic constituents using High Performance Liquid 

Chromatography (HPLC) 

The phenolic constituents in aqueous fractions of Ephedra gerardiana and Ribes orientale 

were purified using HPLC technique (Alamgeer et al., 2017). 
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2.7. Statistical analysis 

The results were stated as mean ± standard error of mean (SEM) and interpreted statistically 

by performing one way ANOVA followed by Dunnett’s multiple comparison test and two 

way ANOVA followed by Bonferroni posttest, employing Graph Pad Prism 5.0 statistic 

computer program. Significant values were considered at p<0.05, p<0.01 and p<0.001, 

where, p<0.05 was considered statistically significant and p<0.001 was considered 

statistically highly significant. 
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3. RESULTS 

3.1. Results of studies on Ephedra gerardiana aqueous ethanolic extract 

and fractions 

3.1.1. Effect of Ephedra gerardiana extract/fractions on inhibition of protein (egg 

albumin) denaturation  

The findings of current study depict that plant extract/fractions significantly (p<0.001) 

subdued denaturation of egg albumin in a concentration dependent way. The plant 

extract/fractions showed anti-denaturation effect in the order as aqueous ethanolic extract 

> aqueous fraction > n-butanol fraction > ethyl acetate fraction > diclofenac sodium. At 

tested concentrations i.e., 50-6400 μg/ml, Ephedra gerardiana aqueous ethanolic extract, 

aqueous fraction, n-butanol fraction and ethyl acetate fraction resulted in considerable 

suppression of thermally induced protein denaturation i.e., 104.16%-3219.44%, 99.30%-

2899.30%, 72.91%-2106.94% and 43.75%-1533.33%, respectively (Figure 19). However, 

diclofenac sodium (reference drug) too unveiled concentration dependent protein 

denaturation inhibition, i.e., 59.02%-716.66% at 50-6400 µg/ml. These results ascertain 

Ephedra gerardiana aqueous ethanolic extract to be highly effectual in inhibiting egg 

albumin denaturation and among the fractions, aqueous one amongst other fractions.  

3.1.2. Effect of Ephedra gerardiana extract/fractions on inhibition of protein (bovine 

serum albumin (BSA)) denaturation  

The findings of existing study (Figure 20) depict that plant extract/fractions significantly 

(p<0.001) protected BSA against thermal denaturation in a concentration reliant manner 

(50-6400 µg/ml). An upswing in anti-denaturation effect was noticed with all test samples 

in the following manner, aqueous ethanolic extract > aqueous fraction > n-butanol fraction 

> ethyl acetate fraction > aspirin (standard drug). At highest concentration (6400 µg/ml), 

Ephedra gerardiana aqueous ethanolic extract, aqueous fraction, n-butanol fraction, ethyl 

acetate fraction and aspirin revealed 99.10%, 98.59%, 92.14%, 85.72% and 80.58% 

protection of BSA from denaturation, respectively. Interestingly, in line with the results of 

aforementioned egg albumin denaturation inhibition study, greater inhibitory outcome was 

again exhibited by aqueous ethanolic extract and among the fractions, aqueous one, as 

compared to n-butanol and ethyl acetate fractions.  
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3.1.3. Effect of Ephedra gerardiana extract/fractions on stabilization of human 

erythrocyte membrane 

In human red blood cell (HRBC) membrane stabilization analysis, Ephedra gerardiana 

aqueous ethanolic extract/fractions and reference drug diclofenac (50-6400 μg/ml), notably 

stabilized erythrocyte membrane from lysis prompted by hypotonic solution in a 

concentration dependent fashion. The order of HRBC membrane protection against lysis 

was observed as aqueous ethanolic extract > aqueous fraction > n-butanol fraction > ethyl 

acetate fraction > diclofenac sodium. The protection of erythrocyte membrane in hypotonic 

medium by aqueous ethanolic extract at 50-6400 μg/ml concentration was noted to be 

29.33%-89.36%. Likewise, aqueous, n-butanol and ethyl acetate fractions at 50-6400 μg/ml 

concentration presented 28.42%-86.35%, 18.81%-67.14% and 17.23%-47.09% 

stabilization of HRBC membrane in hypotonic media, respectively (Figure 21). The 

outcomes were paralleled with diclofenac sodium at similar concentrations that offered 

20.30%-70.49% stabilization of HRBC membrane at 50-6400 μg/ml in hypotonic solution. 

These results demonstrate that maximum stabilization of HRBC membrane was displayed 

by aqueous ethanolic extract of Ephedra gerardiana and amid the fractions, aqueous one 

prevented HRBC membrane lysis, compared to rest of the fractions.  
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Figure 19: Effect of Ephedra gerardiana extract/fractions on inhibition of protein (egg 

albumin) denaturation. ***= p<0.001, *= p<0.05, ns=non-significant, when compared to diclofenac. 

EGAEE= Ephedra gerardiana aqueous ethanolic extract, EGAF= Ephedra gerardiana aqueous fraction, 

EGBF=Ephedra gerardiana n-butanol fraction, EGEAF= Ephedra gerardiana ethyl acetate fraction. 
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Figure 20: Effect of Ephedra gerardiana extract/fractions on inhibition of protein 

(BSA) denaturation. ***= p<0.001, ns=non-significant, when compared to aspirin. EGAEE= Ephedra 

gerardiana aqueous ethanolic extract, EGAF= Ephedra gerardiana aqueous fraction, EGBF=Ephedra 

gerardiana n-butanol fraction, EGEAF= Ephedra gerardiana ethyl acetate fraction. 
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Figure 21: Effect of Ephedra gerardiana extract/fractions on HRBC membrane 

stabilization. ***= p<0.001, **= p<0.01, *= p<0.05, when compared to diclofenac. EGAEE= Ephedra 

gerardiana aqueous ethanolic extract, EGAF= Ephedra gerardiana aqueous fraction, EGBF=Ephedra 

gerardiana n-butanol fraction, EGEAF= Ephedra gerardiana ethyl acetate fraction. 
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3.1.4. Effect of Ephedra gerardiana extract/fractions against formaldehyde induced 

arthritis in rats 

Injection of formaldehyde in to sub-plantar region of rat left hind paw in arthritic control 

group exhibited notable escalation in paw volume and diameter during 10 days examination 

period. However, all the tested samples i.e., aqueous ethanolic extract and fractions dose 

dependently and significantly (p<0.001) prevented the augmentation in paw volume and 

diameter at doses of 50, 100 and 200 mg/kg, compared to control group. The standard drug 

piroxicam (10 mg/kg) also significantly (p<0.001) averted the rise in paw volume and 

diameter, with reference to control group. At 10th day of evaluation period, 200 mg/kg dose 

of tested extract and fractions produced maximum reduction in paw volume and diameter. 

At 200 mg/kg of Ephedra gerardiana aqueous ethanolic extract, aqueous, n-butanol and 

ethyl acetate fractions, an ominous decrease (p<0.001) in formaldehyde injected hind paw 

volume in rats was observed as 79.15%, 76.22%, 65.09%, 54.05% (Table 3) and paw 

diameter as 75.00%, 73.66%, 61.05%, 50.90% (Table 4) on 10th day, correspondingly, 

compared to arthritic control rats. Nevertheless, piroxicam (10 mg/kg) treated group 

unveiled 71.88% and 70.68% reduction in paw volume and diameter on 10th day, 

respectively (Table 3 and 4). These findings thus, exhibit that Ephedra gerardiana aqueous 

ethanolic extract produced maximum effect and among the fractions, aqueous fraction 

ascertained to be most efficacious. Since, 200 mg/kg dose of plant extract/fractions 

exhibited maximum protection against rheumatoid arthritis, it was selected further to 

elucidate the mechanism of action in FCA induced chronic immunological arthritis 

experiment. 
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Table 3: Effect of Ephedra gerardiana extract/fractions on paw volume of 

formaldehyde induced arthritic rats 

Treatment 

groups 

Increase in paw volume (ml) 

Day 2 Day 4 Day 6 Day 8 Day 10 

Arthritic 

Control 

(3 ml/kg) 

1.47  

± 0.07 

1.87  

± 0.05 

2.00  

± 0.04 

2.03  

± 0.02 

2.12  

± 0.03 

Piroxicam 

 (10 mg/kg) 

1.28  

± 0.09ns 

(13.02%) 

1.04 

 ± 0.07*** 

(44.23%) 

0.85  

± 0.07*** 

(57.40%) 

0.68  

± 0.05*** 

(66.43%) 

0.59  

± 0.04*** 

(71.88%) 

EGAEE 

 (50 mg/kg) 

1.13  

± 0.05*** 

(23.06%) 

1.26  

± 0.05*** 

(32.69%) 

1.09  

± 0.05*** 

(45.30%) 

0.83  

± 0.07*** 

(59.05%) 

0.67  

± 0.07*** 

(68.30%) 

EGAEE 

 (100 mg/kg) 

1.04  

± 0.06*** 

(29.30%) 

1.13  

± 0.06*** 

(39.42%) 

0.95  

± 0.04*** 

(52.30%) 

0.69  

± 0.05*** 

(65.94%) 

0.54  

± 0.05*** 

(74.33%) 

EGAEE 

 (200 mg/kg) 

0.95  

± 0.08*** 

(35.54%) 

1.024  

± 0.05*** 

(45.29%) 

0.80  

± 0.08*** 

(59.80%) 

0.58  

± 0.06*** 

(71.35%) 

0.44  

± 0.05*** 

(79.15%) 

EGAF 

(50 mg/kg) 

1.17  

± 0.06** 

(20.62%) 

1.32  

± 0.07*** 

(29.48%) 

1.18  

± 0.07*** 

(40.80%) 

0.98  

± 0.05*** 

(51.57%) 

0.78  

± 0.05*** 

(63.01%) 

EGAF 

 (100 mg/kg) 

1.08  

± 0.07*** 

(26.45%) 

1.21  

± 0.07*** 

(35.25%) 

1.04  

± 0.08*** 

(47.80%) 

0.77  

± 0.07*** 

(62.00%) 

0.62  

± 0.06*** 

(70.56%) 

EGAF 

 (200 mg/kg) 

1.00  

± 0.04*** 

(32.02%) 

1.12  

± 0.04*** 

(39.95%) 

0.90  

± 0.04*** 

(54.90%) 

0.64  

± 0.04*** 

(68.40%) 

0.50  

± 0.03*** 

(76.22%) 

EGBF 

(50 mg/kg) 

1.28  

± 0.06ns 

(13.02%) 

1.47  

± 0.06*** 

(21.47%) 

1.34  

± 0.07*** 

(33.30%) 

1.21  

± 0.07*** 

(40.45%) 

1.07  

± 0.06*** 

(49.33%) 

EGBF 

 (100 mg/kg) 

1.18  

± 0.03** 

(19.94%) 

1.44  

± 0.04*** 

(22.86%) 

1.24  

± 0.04*** 

(38.00%) 

1.02  

± 0.04*** 

(49.70%) 

0.91  

± 0.03*** 

(56.88%) 

EGBF 

 (200 mg/kg) 

1.12  

± 0.07*** 

(24.01%) 

1.24  

± 0.07*** 

(33.65%) 

1.07  

± 0.05*** 

(46.40%) 

0.85  

± 0.04*** 

(58.16%) 

0.74  

± 0.05*** 

(65.09%) 

EGEAF 

(50 mg/kg) 

1.36 

± 0.06ns 

(7.46%) 

1.57  

± 0.05** 

(16.02%) 

1.56  

± 0.08*** 

(21.80%) 

1.40  

± 0.07*** 

(31.10%) 

1.26  

± 0.04*** 

(40.37%) 

EGEAF 

 (100 mg/kg) 

1.24  

± 0.05* 

(15.60%) 

1.51  

± 0.07*** 

(19.12%) 

1.45  

± 0.08*** 

(27.50%) 

1.32  

± 0.04*** 

(34.94%) 

1.10  

± 0.07*** 

(47.92%) 

EGEAF 

 (200 mg/kg) 

1.20  

± 0.04** 

(18.58%) 

1.42  

± 0.05*** 

(24.14%) 

1.37  

± 0.05*** 

(31.40%) 

1.09  

± 0.05*** 

(46.16%) 

0.97  

± 0.05*** 

(54.05%) 

Values in the parenthesis represent percentage inhibition of paw volume. *** = p<0.001, **= p<0.01, *= p<0.05, ns=non-significant 

when compared to arthritic control. EGAEE= Ephedra gerardiana aqueous ethanolic extract, EGAF= Ephedra gerardiana aqueous 

fraction, EGBF=Ephedra gerardiana n-butanol fraction, EGEAF= Ephedra gerardiana ethyl acetate fraction. 
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Table 4: Effect of Ephedra gerardiana extract/fractions on paw diameter of 

formaldehyde induced arthritic rats 

Treatment 

groups 

Increase in paw diameter (mm) 

Day 2 Day 4 Day 6 Day 8 Day 10 

Arthritic Control 

(3 ml/kg) 

6.44 

 ± 0.09 

8.45  

± 0.05 

10.58  

± 0.04 

11.11  

± 0.16 

12.77  

± 0.13 

Piroxicam 

(10 mg/kg) 

4.80  

± 0.19*** 

(25.41%) 

5.74  

± 0.30*** 

(32.07%) 

5.28  

± 0.18*** 

(50.06%) 

4.10  

± 0.09*** 

(63.07%) 

3.74  

± 0.13*** 

(70.68%) 

EGAEE 

(50 mg/kg) 

4.95  

± 0.17*** 

(23.05%) 

5.91  

± 0.17*** 

(30.04%) 

5.90  

± 0.17*** 

(44.18%) 

4.79  

± 0.15*** 

(56.84%) 

4.37  

± 0.15*** 

(65.75%) 

EGAEE 

 (100 mg/kg) 

4.68  

± 0.14*** 

(27.22%) 

5.26  

± 0.15*** 

(37.75%) 

5.23  

± 0.19*** 

(50.53%) 

4.04  

± 0.19*** 

(63.60%) 

3.49  

± 0.16*** 

(72.65%) 

EGAEE 

 (200 mg/kg) 

4.21  

± 0.09*** 

(34.52%) 

4.85  

± 0.19*** 

(42.58%) 

4.47  

± 0.14*** 

(57.70%) 

3.35  

± 0.03*** 

(69.82%) 

3.19  

± 0.02*** 

(75.00%) 

EGAF 

(50 mg/kg) 

5.27  

± 0.13*** 

(18.11%) 

6.42  

± 0.12*** 

(24.05%) 

6.38  

± 0.14*** 

(39.68%) 

5.21  

± 0.11*** 

(53.10%) 

5.02  

± 0.13*** 

(60.67%) 

EGAF 

 (100 mg/kg) 

4.72  

± 0.13*** 

(26.60%) 

5.70  

± 0.13*** 

(32.52%) 

5.65  

± 0.12*** 

(46.58%) 

4.47  

± 0.16*** 

(59.76%) 

3.98  

± 0.13*** 

(68.82%) 

EGAF 

 (200 mg/kg) 

4.45  

± 0.17*** 

(30.79%) 

5.25  

± 0.09*** 

(37.87%) 

5.08  

± 0.12*** 

(51.93%) 

3.75  

± 0.15*** 

(66.22%) 

3.36  

± 0.14*** 

(73.66%) 

EGBF 

(50 mg/kg) 

5.55  

± 0.16*** 

(13.76%) 

6.92  

± 0.18*** 

(18.14%) 

6.90  

± 0.17*** 

(34.77%) 

6.87  

± 0.17*** 

(38.16%) 

6.63  

± 0.17*** 

(48.08%) 

EGBF 

 (100 mg/kg) 

5.24  

± 0.12*** 

(18.55%) 

6.70  

± 0.17*** 

(20.72%) 

6.57  

± 0.13*** 

(37.88%) 

6.09  

± 0.10*** 

(45.14%) 

5.86  

± 0.13*** 

(54.10%) 

EGBF 

 (200 mg/kg) 

4.98  

± 0.17*** 

(22.56%) 

5.83  

± 0.15*** 

(31.01%) 

4.88  

± 0.17*** 

(53.90%) 

4.67  

± 0.19*** 

(57.92%) 

4.97  

± 0.14*** 

(61.05%) 

EGEAF 

(50 mg/kg) 

6.08  

± 0.13 ns 

(5.46%) 

7.32  

± 0.18*** 

(13.39%) 

8.38  

± 0.16*** 

(20.74%) 

7.97  

± 0.16*** 

(28.26%) 

7.92  

± 0.17*** 

(37.95%) 

EGEAF 

 (100 mg/kg) 

5.62  

± 0.14** 

(12.61%) 

6.88  

± 0.16*** 

(18.61%) 

8.06  

± 0.14*** 

(23.80%) 

7.55  

± 0.14*** 

(32.00%) 

6.86  

± 0.16*** 

(46.28%) 

EGEAF 

 (200 mg/kg) 

5.30  

± 0.13*** 

(17.65%) 

6.41  

± 0.14*** 

(24.15%) 

7.37  

± 0.16*** 

(30.28%) 

6.30  

± 0.14*** 

(43.27%) 

6.27  

± 0.17*** 

(50.90%) 

Values in the parenthesis represent percentage inhibition of paw edema. *** = p<0.001, **= p<0.01, ns=non-significant 

when compared to arthritic control. EGAEE= Ephedra gerardiana aqueous ethanolic extract, EGAF= Ephedra 

gerardiana aqueous fraction, EGBF=Ephedra gerardiana butanol fraction, EGEAF= Ephedra gerardiana ethyl acetate 

fraction. 
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3.1.5. Effect of Ephedra gerardiana extract/fractions against Freund Complete 

Adjuvant (FCA) induced arthritis in Sprague Dawley rats 

3.1.5.1. Ephedra gerardiana extract/fractions reduced paw volume and diameter 

The paw volume and diameter increased up to 2.94 ± 0.07 mm and 21.23 ± 0.09 mm, 

respectively at the end of 28 day study period in arthritic control group. There was a 

significant (p<0.001) decline in paw edema and thickness in all the treatment groups as 

compared to arthritic control group, with maximal reduction at 28th day of treatment as 

shown in Table 5 and 6. The order of anti-arthritic effect was noted as, aqueous ethanolic 

extract > aqueous fraction > n-butanol fraction > piroxicam > ethyl acetate fraction. The 

Ephedra gerardiana aqueous ethanolic extract, aqueous fraction, n-butanol fraction and 

ethyl acetate fraction treated groups presented a significant (p<0.001) reduction in FCA 

injected rat paw volume and diameter on 28th day i.e., 76.20%, 74.09%, 69.74% and 

56.42% in paw volume (Table 5) and 73.05%, 72.47%, 69.47% and 56.04% in paw 

diameter (Table 6), respectively compared to adjuvant control group. Besides, 10 mg/kg 

piroxicam, the reference drug also produced significant (p<0.001) reduction in paw volume 

(65.53%) and diameter (60.15%) on 28th day. Hence, maximum significant reduction was 

produced by Ephedra gerardiana aqueous ethanolic extract and among the fractions, 

aqueous fraction exhibited maximal decrease in paw circumference and volume that was 

comparable to aqueous ethanolic extract. 

3.1.5.2. Ephedra gerardiana extract/fractions subdued arthritic score 

The manifestations of arthritis were elaborated as arthritic index at different days of FCA 

induced arthritis study (Figure 22). It was observed that adjuvant injection under left 

footpad in arthritic control rats resulted in acute inflammation of injected hind paw on 1st 

to 6th day, followed by a chronic poly-arthritic stage (contralateral paw involvement) that 

arouse on 14th day and increased over time up to 28th day. Arthritic score (swelling, 

erythema, physical inability and arthralgia) was enumerated as 6.09 ± 0.26 at 28th day after 

FCA injection in arthritic control rats owing to swelling and redness in paws along with 

crawling and difficulty in lifting hind limbs. However, vehicle control group presented no 

paw swelling. Nevertheless, treatment with Ephedra gerardiana aqueous ethanolic extract, 

aqueous fraction, n-butanol fraction, ethyl acetate fraction and piroxicam significantly 

(p<0.001) precluded the escalation in paw swelling and redness by suppressing the spread 

of edema from ipsilateral to contralateral hind limb and arthritic score was found as 1.80 ± 

0.09, 2.10 ± 0.06, 2.45 ± 0.09, 2.90 ± 0.17 and 2.55 ± 0.09 at 28th day, correspondingly 

when compared with arthritic control group, 6.09 ± 0.26 (Figure 23).  
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3.1.5.3. Ephedra gerardiana extract/fractions prevented body weight loss 

As, rheumatoid arthritis affects body weight so, animals in all the groups were weighed 

throughout the experiment, starting from day 0 and thereafter weekly until day 28. Figure 

24 shows body weight changes in arthritic control, normal control and treated groups during 

the entire course of experiment. There was an evident decline in body weight of FCA 

induced disease control rats throughout the 28 days study period. Prophylactic 

administration of piroxicam, Ephedra gerardiana aqueous ethanolic extract, aqueous and 

n-butanol fractions prevented decrease in body weight during the entire duration of 

experiment. However, there was a noticeable loss in body weight in ethyl acetate fraction 

treated rats.  

3.1.5.4. Ephedra gerardiana extract/fractions prevented abnormal alterations in 

hematological parameters 

Changes in the blood profile were observed after 28 days period of FCA injection in the 

hind paw of rats. Elevated levels of platelets, WBCs and ESR whereas, reduction in RBCs 

and Hb concentration was observed from hematological analysis of FCA control group. 

However, Ephedra gerardiana aqueous ethanolic extract and its fractions, including 

standard drug piroxicam prevented these abnormal hematological alterations as illustrated 

in Table 7. 

3.1.5.5. Ephedra gerardiana extract/fractions prevented abnormal alterations in 

biochemical parameters 

The biochemical profile (Table 7) demonstrated that serum AST, ALT and ALP levels were 

notably raised in arthritic control group as compared to vehicle control group. However, in 

animal groups treated with Ephedra gerardiana aqueous ethanolic extract, aqueous and n-

butanol fractions, there was a significant reduction in serum levels of AST, ALT and ALP, 

while, a non-significant reduction was observed in ethyl acetate fraction treated group, 

compared to arthritic control group. Similarly, AST and ALT levels were significantly 

while, ALP levels were non-significantly reduced in piroxicam treated group, when 

compared with arthritic control group. Moreover, serum urea and creatinine levels were 

found to be considerably raised in FCA control rats, when equated with vehicle control rats. 

Nevertheless, serum levels of these parameters were significantly reduced in Ephedra 

gerardiana aqueous ethanolic extract, aqueous fraction and piroxicam treated groups, 

whereas, non-significantly lowered in n-butanol and ethyl acetate fractions treated groups, 

compared to FCA control group (Table 7). The serum RF illustrates systemic inflammation 
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and antibody generation against injected adjuvant, while CRP is an acute phase hepatic 

reactant protein developed in reaction to inflammation. The serum levels of RF and CRP 

in FCA control group were significantly higher than all the treatment groups. Besides, non-

significant reduction in serum RF levels was noticed only in group treated with ethyl acetate 

fraction as compared to arthritic control group (Table 7).  

3.1.5.6. Ephedra gerardiana extract/fractions suppressed PGE2 and TNF-𝛼 levels 

Increased serum levels of PGE2 (1.08 ± 0.04) and TNF-𝛼 (1.48 ± 0.03) were found in FCA 

control group as compared with vehicle control group (0.57 ± 0.02 and 0.22 ± 0.02). In 

contrast, a significant decrease in concentration of PGE2 was revealed in Ephedra 

gerardiana aqueous ethanolic extract (0.73 ± 0.07), aqueous fraction (0.79 ± 0.04), n-

butanol fraction (0.84 ± 0.04) and piroxicam (0.87 ± 0.05) treated groups, whereas, a non-

significant reduction in PGE2 levels was observed in ethyl acetate fraction (0.92 ± 0.04) 

treated group, when compared with arthritic control group (Figure 25). Likewise, serum 

TNF-𝛼 levels were found to be 0.52 ± 0.02, 0.27 ± 0.02, 0.35 ± 0.02, 0.45 ± 0.03 and 0.61 

± 0.05 in piroxicam, Ephedra gerardiana aqueous ethanolic extract, aqueous, n-butanol 

and ethyl acetate fractions treated groups, as compared to disease control group, in that 

order (Figure 26).  

3.1.5.7. Ephedra gerardiana extract/fractions downregulated mRNA expression levels 

of COX-2, IL-1β, IL-6, TNF-α, NF-kB and upregulated mRNA expression levels of 

IL-4 and IL-10 

The current outcomes revealed a significant suppression of COX-2, IL-1β, IL-6, TNF-α, 

NF-kB mRNA expression levels and a significant elevation of IL-4 and IL-10 mRNA 

expression levels in all treatments groups in contrast to disease control group. The 

significantly increased mRNA COX-2 expression was noted in arthritic control group (6.80 

± 0.66) as compared to vehicle control group (1.00 ± 0.00). The mRNA expression of COX-

2 was significantly (p<0.001) attenuated in groups treated prophylactically with Ephedra 

gerardiana aqueous ethanolic extract (1.72 ± 0.24), aqueous fraction (2.08 ± 0.34), n-

butanol fraction (2.50 ± 0.53), ethyl acetate fraction (3.04 ± 0.20) and piroxicam (3.34 ± 

0.18) with reference to arthritic control group (Figure 27). Besides, a significant rise in IL-

1β expression levels was observed in FCA control group (6.50 ± 0.21), compared to vehicle 

control group (1.00 ± 0.00). A considerable reduction (p<0.001) in IL-1β levels i.e., 1.89 ± 

0.18, 1.94 ± 0.36, 2.50 ± 0.29, 3.79 ± 0.58 and 2.24 ± 0.34, was detected in groups treated 

with Ephedra gerardiana aqueous ethanolic extract, aqueous, n-butanol, ethyl acetate 
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fractions and piroxicam, respectively, compared to FCA control group (Figure 28). Also, 

IL-6 expression levels were significantly raised (4.66 ± 0.15) in arthritic control animals, 

when equated with normal control animals (1.00 ± 0.00). Nonetheless, Ephedra gerardiana 

aqueous ethanolic extract, aqueous, n-butanol, ethyl acetate fractions and piroxicam treated 

groups unveiled a significant (p<0.001) reduction (1.16 ± 0.05, 1.58 ± 0.06, 2.28 ± 0.12, 

3.14 ± 0.11 and 3.56 ± 0.17) in IL-6 levels, as opposed to disease control group (Figure 

29). Similarly, a significant rise was noticed in mRNA expression levels of NF-ĸB in 

arthritic control group (5.20 ± 0.58), compared to normal control group (1.00 ± 0.00). 

However, a significant downturn (p<0.001) in NF-ĸB was observed in rats treated with 

Ephedra gerardiana aqueous ethanolic extract (1.14 ± 0.05), aqueous fraction (1.30 ± 

0.11), n-butanol fraction (1.82 ± 0.16), ethyl acetate fraction (2.16 ± 0.18) and piroxicam 

(2.24 ± 0.42), as compared with arthritic control rats (Figure 30). As well, increased mRNA 

expression levels of TNF-α were noticed in adjuvant control animals (3.40 ± 0.43) than 

vehicle control animals (1.00 ± 0.00). The TNF-α levels were discerned to be significantly 

suppressed in groups treated with Ephedra gerardiana aqueous ethanolic extract (1.38 ± 

0.15), aqueous fraction (1.66 ± 0.19), n-butanol fraction (2.04 ± 0.18) and piroxicam (2.14 

±0.27) (Figure 31), though ethyl acetate fraction (2.58 ± 0.26) treated groups showed non-

significant (p>0.05) subdual in TNF-α levels, as related to arthritic control group. 

Moreover, IL-4 (Figure 32) and IL-10 (Figure 33) mRNA expression levels were found to 

be significantly reduced in disease control rats (50.80% ± 2.27 and 36.00% ±1.95, 

correspondingly) than vehicle control rats (100 ± 0.00). However, mRNA expression levels 

of IL-4 were significantly raised i.e., 81.20% ± 1.20, 78.80% ± 0.86, 76.60% ± 3.50, 

72.00% ± 3.07 and 71.40% ± 2.46 in animal groups treated with Ephedra gerardiana 

aqueous ethanolic extract, aqueous, n-butanol, ethyl acetate fractions and piroxicam, 

respectively, with reference to arthritic control group. Likewise, a significant upturn in IL-

10 mRNA expression levels was observed in Ephedra gerardiana aqueous ethanolic extract 

(73.00% ± 1.92), aqueous fraction (68.20% ± 1.83), n-butanol fraction (57.40% ± 2.86), 

ethyl acetate fraction (46.60% ± 2.87) and piroxicam (66.60% ± 2.04) treated groups, 

compared to FCA control group. 

3.1.5.8. Ephedra gerardiana extract/fractions amended radiographic modifications 

The radiographic findings of ankle/tibiotarsal joints in FCA induced arthritic rats treated 

with Ephedra gerardiana aqueous ethanolic extract and fractions are presented in Figure 

34. X-ray examination revealed extensive phalangeal bone erosion, periarticular bone 
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resorption, no observable joint spaces, extensive joint deformity, diffuse soft tissue 

swelling, thickened and significantly enlarged and dense connective tissue in the joints of 

adjuvant injected control rats. The radiographs of vehicle control rats shown no joint tissue 

swelling, no focal cartilage or bone erosion and normal joint spaces and connective tissue. 

In contrast, slight joint swelling, mild phalangeal bony erosion/periarticular bone 

resorption, minor joint space alterations, fewer joint changes and mildly enlarged 

connective tissue were observed in radiographs of Ephedra gerardiana aqueous ethanolic 

extract treated rats. Likewise, radiographs of aqueous fraction treated rats presented mild 

soft tissue swelling and bone resorption/erosions, also slight joint space reduction and 

connective tissue enlargement. As well, X-rays of n-butanol fraction treated rats unveiled 

moderate soft tissue swelling and bone resorption/erosion, moderate changes of joint 

spaces, noticeable joint deformity, moderately enlarged and dense connective tissue. 

Whereas, radiographs of rats treated with ethyl acetate fraction revealed marked soft tissue 

swelling, decreased bone density, marked joint space narrowing/joint deformity and 

discernible enlargement of connective tissue. However, mild to moderate soft tissue 

swelling, bony erosion and resorption and considerable joint space narrowing and 

connective tissue enlargement were manifested in piroxicam treated rats. 

3.1.5.9. Ephedra gerardiana extract/fractions attenuated ankle joint histopathological 

alterations 

The histopathology of ankle joint in FCA induced arthritic rats treated with Ephedra 

gerardiana aqueous ethanolic extract/fractions and piroxicam is shown in Figure 35. The 

ankle joints of arthritic control animals demonstrated prominent synovial lining 

hyperplasia, marked proliferation of synoviocytes, inflammatory cell infiltration in to the 

joints, pannus invasion of subchondral bone with subsequent articular cartilage and bone 

erosion. Moreover, ankle joints of vehicle control rats displayed intact articular cartilage 

with normal synovial tissue and joint space with no inflammation. Ankle joint sections from 

Ephedra gerardiana aqueous ethanolic extract treated rats revealed a remarkable reduction 

in synovial proliferation and cellular permeation, amelioration of bone and cartilage erosion 

and pannus development. Ankle joint sections of aqueous fraction treated rats exhibited 

mild cellular infiltration and synovial hyperplasia, slight cartilage and bone degeneration 

and minor pannus formation. Further, n-butanol fraction treatment manifested moderate 

reduction in synovial space thickening and cellular infiltration, along with restrained 

cartilage erosion and pannus development. More so, histopathological analysis of ethyl 

acetate fraction treated rats presented extensive histopathological alterations. Piroxicam 
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treatment also brought about considerable lessening of inflammatory cell penetration, 

synovial hyperplasia, cartilage destruction and pannus formation. 

According to the findings of FCA induced chronic arthritis study, Ephedra gerardiana 

aqueous ethanolic extract ascertained to be extremely effectual in subduing chronic 

inflammation, with the results being close to vehicle control group. Furthermore, among 

the fractions, aqueous fraction produced maximum therapeutic effects and its results were 

comparable to aqueous ethanolic extract, thus signifying aqueous fraction to be most active 

one amongst other fractions.  
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Table 5: Effect of Ephedra gerardiana extract/fractions on paw volume of FCA 

induced arthritic rats 

Treatment groups 
Increase in paw volume (ml) 

Day 0 Day 3 Day 7 Day 14 Day 21 Day 28 

Arthritic Control 
0.44 

 ± 0.04 

1.79 

 ± 0.05 

1.98  

± 0.06 

2.10  

± 0.06 

2.63  

± 0.07 

2.94  

± 0.07 

Vehicle Control 
0.39  

± 0.01 ns 

0.39 

 ± 0.02*** 

0.39  

± 0.03*** 

0.40  

± 0.02*** 

0.39  

± 0.01*** 

0.41  

± 0.03*** 

Piroxicam 

 (10 mg/kg) 

0.39  

± 0.03 ns 

 

1.50  

± 0.05*** 

(16.38%) 

1.46  

± 0.06*** 

(26.06%) 

1.43  

± 0.05*** 

(31.71%) 

1.33  

± 0.07*** 

(49.46%) 

1.01  

± 0.05*** 

(65.53%) 

EGAEE 

(200 mg/kg) 

0.39  

± 0.04 ns 

 

1.34 

 ± 0.06*** 

(25.08%) 

1.27  

± 0.06*** 

(35.85%) 

1.17  

± 0.05*** 

(44.09%) 

1.08  

± 0.06*** 

(58.81%) 

0.70  

± 0.05*** 

(76.20%) 

EGAF 

(200 mg/kg) 

0.42  

± 0.02 ns 

 

1.36 

 ± 0.05*** 

(24.08%) 

1.32  

± 0.05*** 

(33.33%) 

1.18  

± 0.06*** 

(43.61%) 

1.11  

± 0.06*** 

(57.82%) 

0.76  

± 0.07*** 

(74.09%) 

EGBF 

(200 mg/kg) 

0.50  

± 0.03 ns 

 

1.46  

± 0.05*** 

(18.50%) 

1.43  

± 0.05*** 

(27.67%) 

1.37  

± 0.05*** 

(34.57%) 

1.35  

± 0.05*** 

(48.55%) 

0.89  

± 0.06*** 

(69.74%) 

EGEAF 

(200 mg/kg) 

0.37  

± 0.02 ns 

 

1.50  

± 0.06*** 

(16.27%) 

1.55  

± 0.06*** 

(21.61%) 

1.50  

± 0.06*** 

(28.38%) 

1.44  

± 0.06*** 

(45.13%) 

1.28  

± 0.06*** 

(56.42%) 

Values in the parenthesis represent percentage inhibition of paw volume. *** = p< 0.001, ns=non-significant when compared to arthritic 

control. EGAEE= Ephedra gerardiana aqueous ethanolic extract, EGAF= Ephedra gerardiana aqueous fraction, EGBF=Ephedra 

gerardiana n-butanol fraction, EGEAF= Ephedra gerardiana ethyl acetate fraction. 

 

Table 6: Effect of Ephedra gerardiana extract/fractions on paw diameter of FCA 

induced arthritic rats 

Treatment groups 
Increase in paw diameter (mm) 

Day 0 Day 3 Day 7 Day 14 Day 21 Day 28 

Arthritic Control 
3.62  

± 0.07 

8.70  

± 0.06 

10.81  

± 0.05 

13.15  

± 0.05 

18.74  

± 0.06 

21.23  

± 0.09 

Vehicle Control 
3.79  

± 0.16 ns 

3.78  

± 0.15*** 

3.77  

± 0.15*** 

3.81  

± 0.16*** 

3.79  

± 0.16*** 

3.79  

± 0.16*** 

Piroxicam 

 (10 mg/kg) 

3.52  

± 0.06 ns 

 

7.582  

± 0.06*** 

(12.87%) 

9.10  

± 0.13*** 

(15.84%) 

9.00  

± 0.09*** 

(31.56%) 

8.95  

± 0.13*** 

(52.21%) 

8.46  

± 0.10*** 

(60.15%) 

EGAEE 

 (200 mg/kg) 

4.03  

± 0.15 ns 

 

8.19  

± 0.15* 

(5.86%) 

7.98  

± 0.15*** 

(26.20%) 

6.70  

± 0.16*** 

(49.04%) 

6.17  

± 0.15*** 

(67.06%) 

5.72  

± 0.16*** 

(73.05%) 

EGAF 

(200 mg/kg) 

3.72  

± 0.12 ns 

 

8.24  

± 0.13ns 

(5.26%) 

7.95  

± 0.14*** 

(26.48%) 

7.03  

± 0.12*** 

(46.52%) 

6.43  

± 0.12*** 

(65.67%) 

5.84  

± 0.12*** 

(72.47%) 

EGBF 

 (200 mg/kg) 

4.05  

± 0.12 ns  

 

8.45  

± 0.12 ns 

(2.87%) 

8.32  

± 0.13*** 

(23.06%) 

7.49  

± 0.12*** 

(43.05%) 

7.02  

± 0.12*** 

(62.51%) 

6.48  

± 0.16*** 

(69.47%) 

EGEAF 

 (200 mg/kg) 

3.70  

± 0.09 ns 

 

8.59  

± 0.10 ns 

(1.24%) 

9.69  

± 0.12*** 

(10.37%) 

9.42  

± 0.10*** 

(28.41%) 

9.34  

± 0.13*** 

(50.17%) 

9.33  

± 0.11*** 

(56.04%) 

Values in the parenthesis represent percentage inhibition of paw diameter. *** = p<0.001, *= p<0.05, ns=non-significant when compared 

to arthritic control. EGAEE= Ephedra gerardiana aqueous ethanolic extract, EGAF= Ephedra gerardiana aqueous fraction, 

EGBF=Ephedra gerardiana n-butanol fraction, EGEAF= Ephedra gerardiana ethyl acetate fraction. 
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Figure 22: Morphological changes of FCA injected hind paws of rats treated with 

Ephedra gerardiana extract/fractions at different days of study. EGAEE=Ephedra 

gerardiana aqueous ethanolic extract, EGAF= Ephedra gerardiana aqueous fraction, EGBF= Ephedra 

gerardiana n-butanol fraction, EGEAF= Ephedra gerardiana ethyl acetate fraction. 
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Figure 23: Effect of Ephedra gerardiana extract/fractions on paw scoring of FCA 

induced arthritic rats. *** = p<0.001, *= p<0.05, ns=non-significant when compared to arthritic 

control. EGAEE= Ephedra gerardiana aqueous ethanolic extract, EGAF= Ephedra gerardiana aqueous 

fraction, EGBF=Ephedra gerardiana n-butanol fraction, EGEAF= Ephedra gerardiana ethyl acetate 

fraction. 
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Figure 24: Effect of Ephedra gerardiana extract/fractions on body weight of FCA 

induced arthritic rats. Results are expressed as mean ± SEM (n=5), using two way ANOVA followed 

by Bonferroni posttest. *** = p<0.001, ** = p<0.01, *= p<0.05, ns=non-significant when compared to 

arthritic control. EGAEE= Ephedra gerardiana aqueous ethanolic extract, EGAF= Ephedra gerardiana 

aqueous fraction, EGBF=Ephedra gerardiana n-butanol fraction, EGEAF= Ephedra gerardiana ethyl 

acetate fraction. 
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Table 7: Effect of administration of Ephedra gerardiana extract/fractions on 

hematological and biochemical parameters in FCA induced arthritic rats 

Parameters 
Arthritic 

control 

Vehicle 

control 
 Piroxicam EGAEE EGAF EGBF EGEAF 

    Hematological values 

Hb 

(g/dL) 

 

9.40 

± 

0.52 

15.36 

± 

0.45*** 

12.42 

± 

0.59** 

14.80 

± 

0.74*** 

14.26 

± 

0.21*** 

14.02 

± 

0.43*** 

13.54 

± 

0.37*** 

RBCs 

(× 106 / µL) 

5.32 

± 

0.33 

8.89 

± 

0.21*** 

7.36 

± 

0.39*** 

8.25 

± 

0.25*** 

8.13 

± 

0.21*** 

8.07 

± 

0.28*** 

7.99 

± 

0.28*** 

WBCs 

(× 103 / µL) 

13.68 

± 

0.95 

7.85 

± 

0.32*** 

10.56 

± 

0.33 ns 

8.48 

± 

0.73*** 

9.56 

± 

0.64** 

10.12 

± 

1.21* 

11.12 

± 

1.18 ns 

Platelets 

(× 103 / µL) 

1318.40 

± 

106.50 

839.80 

± 

35.89*** 

1005.80 

± 

64.14* 

867.00 

± 

32.26*** 

966.60 

± 

54.92** 

988.60 

± 

72.69** 

1055.80 

± 

63.80* 

ESR 

(mm / 1st hr) 

8.00 

± 

0.71 

3.20 

± 

0.58*** 

4.80 

± 

0.58*** 

3.20 

± 

0.20*** 

3.60 

± 

0.25*** 

4.20 

± 

0.20*** 

6.20 

± 

0.20* 

Biochemical values 

AST  

(U/L) 

 

146.00 

± 

2.30 

112.40 

± 

5.73*** 

128.40 

± 

3.92* 

119.40 

± 

4.86** 

122.80 

± 

3.92** 

125.80 

± 

6.27* 

130.00 

± 

2.95 ns 

ALT 

(U/L) 

48.20 

± 

2.52 

20.20 

± 

1.86*** 

37.80 

± 

2.75** 

33.80 

± 

0.66*** 

37.40 

± 

1.69** 

38.80 

± 

2.48* 

40.60 

± 

1.86 ns 

ALP 

(U/L) 

291.80 

± 

15.83 

157.40 

± 

17.33*** 

242.00 

± 

17.62 ns 

167.00 

± 

2.17*** 

171.20 

± 

20.98*** 

193.80 

± 

17.46** 

253.20 

± 

22.61 ns 

Urea 

(mg/dL) 

30.40 

± 

1.47 

13.80 

± 

2.96*** 

20.80 

± 

0.86* 

17.20 

± 

0.58** 

19.40 

± 

4.84* 

22.80 

± 

2.20 ns 

25.00 

± 

1.58 ns 

Creatinine 

(mg/dL) 

0.90 

± 

0.05 

0.40 

± 

0.07*** 

0.64 

± 

0.05* 

0.46 

± 

0.04*** 

0.60 

± 

0.05** 

0.70 

± 

0.07 ns 

0.76 

± 

0.05 ns 

CRP 

(mg/L) 

38.40 

± 

5.88 

3.20 

± 

0.58*** 

11.60 

± 

3.49*** 

8.40 

± 

1.47*** 

12.00 

± 

3.29*** 

16.80 

± 

2.94*** 

21.60 

± 

2.40** 

RF 

(IU / mL) 

35.20 

± 

7.84 

6.20 

± 

0.37*** 

18.80 

± 

1.96* 

9.60 

± 

1.60*** 

11.20 

± 

1.96*** 

17.60 

± 

3.92* 

22.40 

± 

3.92 ns 

Values recorded are the mean ± SEM (n=5). ***= p<0.001, **= p<0.01, *= p<0.05, ns=non-significant compared with the arthritic 

control. EGAEE= Ephedra gerardiana aqueous ethanolic extract, EGAF= Ephedra gerardiana aqueous fraction, EGBF=Ephedra 

gerardiana n-butanol fraction, EGEAF= Ephedra gerardiana ethyl acetate fraction. Hb=Hemoglobin, RBCs=Red blood cells, 

WBCs=White blood cells, ESR=Erythrocyte sedimentation rate, ALT=Alanine aminotransferase, AST=Aspartate aminotransferase, 

ALP=Alkaline phosphatase, CRP=C reactive protein, RF=Rheumatoid factor. 
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Figure 25: Effect of Ephedra gerardiana extract/fractions on expression level of PGE2. 

***= p<0.001, **= p<0.01, *= p<0.05 compared with arthritic control. EGAEE= Ephedra gerardiana 

aqueous ethanolic extract, EGAF= Ephedra gerardiana aqueous fraction, EGBF=Ephedra gerardiana n-

butanol fraction, EGEAF= Ephedra gerardiana ethyl acetate fraction. 
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Figure 26: Effect of Ephedra gerardiana extract/fractions on expression level of TNF-

α. ***= p<0.001, compared with arthritic control. EGAEE= Ephedra gerardiana aqueous ethanolic extract, 

EGAF= Ephedra gerardiana aqueous fraction, EGBF=Ephedra gerardiana n-butanol fraction, EGEAF= 

Ephedra gerardiana ethyl acetate fraction. 
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Figure 27: Effect of Ephedra gerardiana extract/fractions on mRNA expression level 

of COX-2. ***= p<0.001, compared with arthritic control. EGAEE= Ephedra gerardiana aqueous 

ethanolic extract, EGAF= Ephedra gerardiana aqueous fraction, EGBF=Ephedra gerardiana n-butanol 

fraction, EGEAF= Ephedra gerardiana ethyl acetate fraction. 
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Figure 28: Effect of Ephedra gerardiana extract/fractions on mRNA expression level 

of IL-1β. ***= p<0.001, compared with arthritic control. EGAEE= Ephedra gerardiana aqueous ethanolic 

extract, EGAF= Ephedra gerardiana aqueous fraction, EGBF=Ephedra gerardiana n-butanol fraction, 

EGEAF= Ephedra gerardiana ethyl acetate fraction. 
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Figure 29: Effect of Ephedra gerardiana extract/fractions on mRNA expression level 

of IL-6.  ***= p<0.001, compared with arthritic control. EGAEE= Ephedra gerardiana aqueous ethanolic 

extract, EGAF= Ephedra gerardiana aqueous fraction, EGBF=Ephedra gerardiana n-butanol fraction, 

EGEAF= Ephedra gerardiana ethyl acetate fraction. 
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Figure 30: Effect of Ephedra gerardiana extract/fractions on mRNA expression level 

of NFkB. ***= p<0.001, compared with arthritic control. EGAEE= Ephedra gerardiana aqueous ethanolic 

extract, EGAF= Ephedra gerardiana aqueous fraction, EGBF=Ephedra gerardiana n-butanol fraction, 

EGEAF= Ephedra gerardiana ethyl acetate fraction. 
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Figure 31: Effect of Ephedra gerardiana extract/fractions on mRNA expression level 

of TNF-α. ***= p<0.001, **= p<0.01, ns=non-significant, compared with arthritic control. EGAEE= 

Ephedra gerardiana aqueous ethanolic extract, EGAF= Ephedra gerardiana aqueous fraction, 

EGBF=Ephedra gerardiana n-butanol fraction, EGEAF= Ephedra gerardiana ethyl acetate fraction. 
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Figure 32: Effect of Ephedra gerardiana extract/fractions on mRNA expression level 

of IL-4. ***= p<0.001, compared with arthritic control. EGAEE= Ephedra gerardiana aqueous ethanolic 

extract, EGAF= Ephedra gerardiana aqueous fraction, EGBF=Ephedra gerardiana n-butanol fraction, 

EGEAF= Ephedra gerardiana ethyl acetate fraction. 
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Figure 33: Effect of Ephedra gerardiana extract/fractions on mRNA expression level 

of IL-10. ***= p<0.001, **= p<0.01, compared with arthritic control. EGAEE= Ephedra gerardiana 

aqueous ethanolic extract, EGAF= Ephedra gerardiana aqueous fraction, EGBF=Ephedra gerardiana n-

butanol fraction, EGEAF= Ephedra gerardiana ethyl acetate fraction. 
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Figure 34: Radiographic analysis of left hind limbs of FCA induced arthritic rats 

treated with Ephedra gerardiana extract/fractions. EGAEE=Ephedra gerardiana aqueous 

ethanolic extract, EGAF= Ephedra gerardiana aqueous fraction, EGBF= Ephedra gerardiana n-

butanol fraction, EGEAF= Ephedra gerardiana ethyl acetate fraction.  
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Figure 35: Histopathological assessment of ankle joints of FCA injected arthritic rats 

treated with Ephedra gerardiana extract/fractions. EGAEE=Ephedra gerardiana aqueous 

ethanolic extract, EGAF= Ephedra gerardiana aqueous fraction, EGBF= Ephedra gerardiana n-

butanol fraction, EGEAF= Ephedra gerardiana ethyl acetate fraction.  
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3.1.6. DPPH free radical scavenging activity of Ephedra gerardiana aqueous ethanolic 

extract/fractions 

In DPPH anti-radical test, as presented in Figure 36, Ephedra gerardiana extract and 

fractions (50 to 6400 µg/ml) presented a significant (p<0.001) concentration dependent free 

radical scavenging ability. The outcomes were documented in terms of percentage 

inhibition i.e., higher percentage inhibition indicated better scavenging activity. The results 

shown in Figure 36 illustrate that Ephedra gerardiana aqueous ethanolic extract displayed 

41.53%-84.13% anti-radical activity at 50 to 6400 µg/ml concentrations. More so, the free 

radical scavenging potential of aqueous, n-butanol and ethyl acetate fractions at 50 to 6400 

µg/ml was found to be 32.24%-77.63%, 29.04%-72.40% and 26.83%-69.78%, 

correspondingly. However, ascorbic acid, an accepted anti-oxidant exhibited 74.82%-

91.02% free radical scavenging activity at 50 to 6400 µg/ml concentration. These results 

depict that highest free radical scavenging activity at maximum concentration of 6400 

𝜇g/ml was shown by aqueous ethanolic extract and among the fractions, anti-radical 

potential of aqueous fraction was comparable to aqueous ethanolic extract.  

3.1.7. Ferric reducing anti-oxidant potential of Ephedra gerardiana aqueous ethanolic 

extract/fractions 

The reducing potentiality of Ephedra gerardiana aqueous ethanolic extract and fractions 

compared to ascorbic acid is illustrated in Figure 37. The aqueous ethanolic extract and its 

fractions (50-6400 µg/ml) exhibited substantial reducing power (p<0.001) via reduction of 

oxidized form of iron (Fe3+) to its reduced form (Fe2+) by an electron donation, which was 

instituted to upswing with growing concentrations of test substances. The reducing 

potential of aqueous ethanolic extract of Ephedra gerardiana was found to be 1237.23%, 

when compared with reference drug ascorbic acid (1336.52%) at 6400 µg/ml. However, 

aqueous (1138.21%), n-butanol (1035.00%) and ethyl acetate (863.73%) fractions at 6400 

µg/ml also exhibited significant (p<0.001) reducing power, when equated with ascorbic 

acid. Nevertheless, maximum reducing potential was found with aqueous ethanolic extract 

and the most active fraction came out to be aqueous one, with the results comparable to 

aqueous ethanolic extract. 
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Figure 36: DPPH free radical scavenging activity of Ephedra gerardiana 

extract/fractions. ***= p<0.001, when compared to ascorbic acid. EGAEE= Ephedra gerardiana 

aqueous ethanolic extract, EGAF= Ephedra gerardiana aqueous fraction, EGBF=Ephedra gerardiana 

n-butanol fraction, EGEAF= Ephedra gerardiana ethyl acetate fraction. 
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Figure 37: Ferric reducing power assay of Ephedra gerardiana extract/fractions. ***= 

p<0.001, when compared to ascorbic acid. EGAEE= Ephedra gerardiana aqueous ethanolic extract, EGAF= 

Ephedra gerardiana aqueous fraction, EGBF=Ephedra gerardiana butanol fraction, EGEAF= Ephedra 

gerardiana ethyl acetate fraction. 
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3.1.8. Effect of acute doses of Ephedra gerardiana aqueous fraction in mice 

The mice administered orally with 10, 100, 1000, 1600, 2900 and 5000 mg/kg Ephedra 

gerardiana aqueous fraction did not reveal any treatment correlated mortalities during the 

entire observation period of 7 days. The findings of existing study revealed that behavioral 

signs of toxicity observed in mice given 2900 mg/kg and 5000 mg/kg of Ephedra 

gerardiana aqueous fraction included mild hypoactivity, dullness and reduced locomotion 

for first 24 h (Table 8). However, no noteworthy changes in general behavior, autonomic 

responses, skin and fur, respiratory and gastrointestinal effects were observed for rest of 

the study period and no death was registered after 7 days at all the dose levels of aqueous 

fraction used. Hence, aqueous fraction of Ephedra gerardiana was found to be safe, non-

lethal and its median lethal dose (LD50) was estimated to be >5000 mg/kg body weight. 

3.1.9. Effect of sub-acute doses of Ephedra gerardiana aqueous fraction in Sprague 

Dawley rats 

The clinical appearance of all Ephedra gerardiana aqueous fraction treated rats (300, 600 

and 900 mg/kg) during 14 days study period was normal and rats did not express any 

treatment associated adverse events. Similar findings were discerned when body weights 

of treated rats were evaluated as, non-significant changes (p>0.05) were detected compared 

to vehicle control rats. As shown in Figure 38, both vehicle control and aqueous fraction 

treated rats presented constant increase in body weight. As far as organ weights are 

concerned, rats treated with 600 and 900 mg/kg of aqueous fraction exhibited considerably 

(p<0.05, p<0.001) raised liver weights than those of vehicle control rats. The differences 

noted in weights of kidney and heart of rats were non-significant at all the doses compared 

to their respective control measurements (Figure 39). Furthermore, hematological and 

serum biochemical findings are summed up in Table 9. Non-significant effect (p>0.05) was 

observed on some hematological parameters (lymphocytes, monocytes, eosinophil, RBCs, 

Hb, HCT, MCV, MCH and MCHC) at 300, 600 and 900 mg/kg doses, as compared with 

vehicle control rats. Besides, TLC, neutrophils and platelet concentration decreased 

significantly at aforementioned doses of aqueous fraction, compared to vehicle control rats. 

Likewise, statistically non-significant (p>0.05) changes were noted in some serum 

biochemical markers (ALT, AST, total protein, urea, creatinine, LDH, CK, total cholesterol 

and triglycerides) at 300, 600 and 900 mg/kg doses of aqueous fraction, compared with 

vehicle control rats. However, ALP and glucose levels decreased significantly while, 

albumin levels increased significantly at all the afore-mentioned doses, with reference to 

vehicle control rats. Further, examination of microscopic morphology of liver, heart and 
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kidney at the end of study period revealed that there was normal myofibrilar organization 

in heart sections, normal parenchymal cells with sheets of hepatocytes around hepatic portal 

vein in liver segments as well as, normal glomeruli and distal convoluted tubules in kidney 

sections of all treated rats as compared to normal rats (Figure 40, 41, 42). 

3.1.10. Effect of sub-chronic doses of Ephedra gerardiana aqueous fraction in Sprague 

Dawley rats 

A 30 day oral toxicity study of Ephedra gerardiana aqueous fraction was carried out in rats 

at 50, 100 and 200 mg/kg doses and results indicated that aqueous fraction did not cause 

mortality and no significant treatment correlated changes were noticed. No significant 

differences in body weights were observed amid control and treated animals at any time of 

4 week study period (Figure 43). Moreover, there were non-significant (p>0.05) effects on 

vital organ weight (liver, kidney and heart) in comparison with vehicle control group 

(Figure 44). The estimation of hematological and biochemical parameters revealed non-

significant (p>0.05) variation between vehicle control and all treated groups (Table 10). 

Furthermore, sub-chronic doses of Ephedra gerardiana aqueous fraction did not induce 

any remarkable morphological changes in liver, kidney and heart tissues removed after 30 

days from all treated rats. There was normal alignment of cardiac muscles, glomeruli and 

kidney tubules, hepatocytes, portal tract and central vein of liver (Figure 40, 41, 42). 

3.1.11. Effect of Ephedra gerardiana aqueous fraction on Caco-2 cell viability in 

resazurin assay 

The results from resazurin test are presented in Figure 45. A 0.5% solution of Ephedra 

gerardiana aqueous fraction showed cell viability of 90% at 3rd h and 88% at 24th h. The 

positive control prepared in white MEM exhibited a highest protective effect of 100% on 

Caco-2 cells while, 0.5% v/v Triton X-100 (negative control) induced a cytotoxicity of 94% 

at 3rd h and 95.33% at 24th h on Caco-2 cells. 
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Table 8: Acute toxicity study of aqueous fraction of Ephedra gerardiana   

Treatment 

groups 

Dose 

(mg/kg) 

D/T* Signs of toxicity and mortality 

observed 
I 10 0/5 Nil  

II 100 0/5 Nil  

III 1000 0/5 Nil  

IV 1600 0/5 Nil  

V 2900 0/5 Mild hypoactivity, dullness and reduced 

locomotion for first 24 h 

VI 5000 0/5 Mild hypoactivity, dullness and reduced 

locomotion for first 24 h 

                             *D/T: Number of mice deaths/total number of mice (n=5) 
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Figure 38: Effect of Ephedra gerardiana aqueous fraction on body weights of 

Sprague Dawley rats in sub-acute toxicity study. ns=non-significant when compared to 

vehicle control. EGAF= Ephedra gerardiana aqueous fraction. 
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Figure 39: Effect of Ephedra gerardiana aqueous fraction on organ weights of 

Sprague Dawley rats in sub-acute toxicity study. ***= p<0.001, *= p<0.05, ns=non-

significant when compared to vehicle control. EGAF= Ephedra gerardiana aqueous fraction. 
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Table 9: Effect of oral administration of Ephedra gerardiana aqueous fraction on 

hematological and biochemical parameters in Sprague Dawley rats in sub-acute 

toxicity study 

Parameters Vehicle control 
EGAF  

(300 mg/kg) 

EGAF  

(600 mg/kg) 

EGAF  

(900 mg/kg) 

Hematological values 

TLC (× 103/µL) 6.77 ± 0.36 5.17 ± 0.15** 5.23 ± 0.18** 4.73 ± 0.35*** 

Neutrophils (%) 22.50 ± 1.12 16.00 ± 2.28* 14.33 ± 1.61** 13.17 ± 1.74** 

Lymphocytes (%) 74.00 ± 0.73 82.33 ± 2.72 ns 80.67 ± 2.77 ns 76.00 ± 2.84 ns 

Monocytes (%) 2.33 ± 0.33 2.00 ± 0.37 ns 1.67 ± 0.33 ns 3.67 ± 0.49 ns 

Eosinophils (%) 1.00 ± 0.26 1.33 ± 0.21 ns 1.00 ± 0.00 ns 1.33 ± 0.21 ns 

RBCs (× 106/µL) 7.14 ± 0.08 6.91 ± 0.12 ns 6.80 ± 0.13 ns 6.80 ± 0.13 ns 

Hb (g/dL) 12.72 ± 0.11 12.63 ± 0.18 ns 12.33 ± 0.12 ns 12.57 ± 0.15 ns 

HCT (%) 41.85 ± 0.25 41.18 ± 1.64 ns 39.32 ± 0.97 ns 42.58 ± 0.48 ns 

MCV (fl) 56.15 ± 0.24 58.18 ± 1.13 ns 58.33 ± 1.25 ns 55.38 ± 0.57 ns 

MCH (pg) 17.50 ± 0.28 17.35 ± 0.19 ns 17.45 ± 0.09 ns 17.62 ± 0.14 ns 

MCHC (g/dL) 30.70 ± 0.15 31.05 ± 0.96 ns 32.63 ± 0.92 ns 32.07 ± 0.37 ns 

Platelets (× 103/µL) 734.00 ± 10.08 628.67 ± 25.39* 593.33 ± 37.24** 496.00 ± 13.79*** 

Biochemical values 

Liver profile 

ALT (U/L) 30.00 ± 1.73 34.67 ± 0.88 ns 29.00 ± 1.92 ns 28.33 ± 1.563 ns 

AST (U/L) 188.50 ± 4.78 183.67 ± 4.78 ns 183.67 ± 1.73 ns 185.333 ± 2.951 ns 

ALP (U/L) 236.00 ± 4.09 153.67 ± 5.64*** 140.67 ± 2.09*** 136.167 ± 1.621*** 

Total protein (g/dL) 6.42 ± 0.07 6.25 ± 0.04 ns 6.33 ± 0.05 ns 6.400 ± 0.058 ns 

Albumin (g/dL) 2.05 ± 0.02 2.50 ± 0.06*** 2.52 ± 0.07*** 2.567 ± 0.067*** 

Renal profile 

Urea (mg/dL) 28.00 ± 2.48 24.17 ± 0.95 ns 25.50 ± 0.76 ns 35.833 ± 3.516 ns 

Creatinine (mg/dL) 0.80 ± 0.06 0.70 ± 0.06 ns 0.75 ± 0.04 ns 0.967 ± 0.056 ns 

Cardiac profile 

LDH (U/L) 244.33 ± 1.45 245.50 ± 2.39 ns 247.17 ± 2.06 ns 248.33 ± 1.98 ns 

CK (U/L) 88.00 ± 1.81 85.50 ± 1.67 ns 86.00 ± 1.81 ns 88.00 ± 1.73 ns 

Lipid profile 

Total Cholesterol 

(mg/dL) 
77.00 ± 4.78 76.00 ± 1.81 ns 76.33 ± 1.15 ns 82.17 ± 1.25 ns 

Triglycerides 

(mg/dL) 
62.50 ± 2.45 61.50 ± 2.46 ns 63.00 ± 1.79 ns 67.33 ± 1.76 ns 

Glucose profile 

Glucose (mg/dL) 183.00 ± 0.58 111.67 ± 3.13*** 122.33 ± 3.87*** 135.00 ± 8.44*** 

***= p<0.001, **= p<0.01, *= p<0.05, ns=non-significant, compared with vehicle control. EGAF= Ephedra gerardiana aqueous fraction. 

TLC=Total leukocyte count, RBC=Red blood cells, Hb=Hemoglobin, HCT=Hematocrit, MCV=Mean corpuscular volume, MCH= Mean 

corpuscular hemoglobin, MCHC= Mean corpuscular hemoglobin concentration, ALT=Alanine aminotransferase, AST=Aspartate 

aminotransferase, ALP=Alkaline phosphatase, LDH=Lactate dehydrogenase, CK=Creatine Kinase.  

 

 



    85 

 

                                                   

                                                          Normal Control 

 

       

        EGAF (50 mg/kg)               EGAF (100 mg/kg)                EGAF (200 mg/kg) 

 

        

     EGAF (300 mg/kg)               EGAF (600 mg/kg)               EGAF (900 mg/kg)  

Figure 40: Histology of liver sections (H&E, 100x) of rats treated with Ephedra 

gerardiana aqueous fraction (EGAF).  
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                                                              Normal Control 

 

       

           EGAF (50 mg/kg)              EGAF (100 mg/kg)              EGAF (200 mg/kg) 

 

      

           EGAF (300 mg/kg)            EGAF (600 mg/kg)               EGAF (900 mg/kg)  

 

Figure 41: Histology of kidney sections (H&E, 100x) of rats treated with Ephedra 

gerardiana aqueous fraction (EGAF).  
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                                                            Normal Control 

 

        

         EGAF (50 mg/kg)               EGAF (100 mg/kg)              EGAF (200 mg/kg) 

 

         

          EGAF (300 mg/kg)            EGAF (600 mg/kg)               EGAF (900 mg/kg)  

 

Figure 42: Histology of heart sections (H&E, 100x) of rats treated with Ephedra 

gerardiana aqueous fraction (EGAF).  
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Figure 43: Effect of Ephedra gerardiana aqueous fraction on body weights of 

Sprague Dawley rats in sub-chronic toxicity study. ns=non-significant when compared to 

vehicle control. EGAF= Ephedra gerardiana aqueous fraction. 
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Figure 44: Effect of Ephedra gerardiana aqueous fraction on organ weights of 

Sprague Dawley rats in sub-chronic toxicity study. ns=non-significant when compared to 

vehicle control. EGAF= Ephedra gerardiana aqueous fraction. 
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Table 10: Effect of oral administration of Ephedra gerardiana aqueous fraction on 

hematological and biochemical parameters in Sprague Dawley rats in sub-chronic 

toxicity study. 

Parameters Vehicle control 
EGAF  

(50 mg/kg) 

EGAF  

(100 mg/kg) 

EGAF  

(200 mg/kg) 

Hematological values 

TLC (×103/µL) 6.72 ± 0.13 6.63 ± 0.11 ns 6.75 ± 0.14 ns 6.96 ± 0.09 ns 

Neutrophils (%) 22.80 ± 1.75 28.80 ± 1.93 ns 25.50 ± 1.68 ns 24.00 ± 1.69 ns 

Lymphocytes (%) 74.20 ± 1.75 73.60 ± 2.58 ns 71.00 ± 1.18 ns 72.80 ± 1.29 ns 

Monocytes (%) 2.50 ± 0.17 2.60 ± 0.16 ns 2.50 ± 0.17 ns 2.30 ± 0.15 ns 

Eosinophils (%) 1.00 ± 0.00 1.30 ± 0.15 ns 1.30 ± 0.15 ns 1.00 ± 0.00 ns 

RBCs (×106/µL) 7.19 ± 0.02 7.14 ± 0.02 ns 7.29 ± 0.07 ns 7.25 ± 0.03 ns 

Hb (g/dL) 13.74 ± 0.12 13.75 ± 0.10 ns 13.52 ± 0.08 ns 13.69 ± 0.13 ns 

HCT (%) 44.48 ± 0.16 40.59 ± 1.63 ns 41.74 ± 1.62 ns 39.80 ± 1.68 ns 

MCV (fl) 56.29 ± 0.19 56.54 ± 1.59 ns 53.07 ± 1.49 ns 53.10 ± 0.58 ns 

MCH (pg) 17.53 ± 0.12 17.41 ± 0.09 ns 17.38 ± 0.14 ns 17.67 ± 0.14 ns 

MCHC (g/dL) 32.61 ± 0.20 32.93 ± 0.18 ns 32.45 ± 0.24 ns 32.93 ± 0.16 ns 

Platelets (×103/µL) 838.90 ± 18.75 836.10 ± 22.25 ns 820.90 ± 10.21 ns 815.10 ± 16.29 ns 

Biochemical values 

Hepatic profile 

ALT (U/L) 34.40 ± 1.51 34.50 ± 1.23 ns 29.70 ± 1.57 ns 35.40 ± 1.21 ns 

AST (U/L) 188.50 ± 3.14 194.80 ± 5.35 ns 178.50 ± 6.03 ns 186.30 ± 4.63 ns 

ALP (U/L) 268.10 ± 2.55 265.30 ± 9.56 ns 236.40 ± 11.08 ns 285.10 ± 11.45 ns 

Total protein (g/dL) 6.12 ± 0.16 5.85 ± 0.16 ns 6.13 ± 0.13 ns 6.26 ± 0.12 ns 

Albumin (g/dL) 3.34 ± 0.12 3.00 ± 0.13 ns 3.20 ± 0.14 ns 3.52 ± 0.10 ns 

Renal profile 

Urea (mg/dL) 28.30 ± 1.03 24.00 ± 1.477 ns 24.40 ± 0.97 ns 26.20 ± 1.53 ns 

Creatinine (mg/dL) 0.88 ± 0.06 0.73 ± 0.04 ns 0.80 ± 0.05 ns 0.84 ± 0.05 ns 

Cardiac profile 

LDH (U/L) 246.00 ± 2.01 246.30 ± 2.27 ns 253.60 ± 2.35 ns 247.40 ± 2.14 ns 

CK (U/L) 87.20 ± 1.81 84.00 ± 2.10 ns 87.10 ± 2.18 ns 92.40 ± 2.56 ns 

Lipid profile 

Total Cholesterol 

(mg/dL) 
87.30 ± 1.65 85.40 ± 1.59 ns 84.00 ± 1.59 ns 86.20 ± 1.46 ns 

Triglycerides 

(mg/dL) 
81.50 ± 1.64 75.30 ± 2.91 ns 78.20 ± 1.42 ns 86.10 ± 1.98 ns 

Glucose profile 

Glucose (mg/dL) 186.40 ± 1.96 185.00 ± 3.20 ns 192.20 ± 1.69 ns 178.20 ± 2.59 ns 

Values recorded are the mean ± SEM (n=10). Analysis was done with one-way ANOVA followed by Dunnett’s multiple comparison 

test.  ns= non-significant compared with vehicle control. EGAF= Ephedra gerardiana aqueous fraction. TLC=Total leukocyte count, 

RBC=Red blood cells, Hb=Hemoglobin, HCT=Hematocrit, MCV=Mean corpuscular volume, MCH= Mean corpuscular hemoglobin, 

MCHC= Mean corpuscular hemoglobin concentration, ALT=Alanine aminotransferase, AST=Aspartate aminotransferase, 

ALP=Alkaline phosphatase, LDH=Lactate dehydrogenase, CK=Creatine Kinase. 
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Figure 45: Effect of Ephedra gerardiana aqueous fraction on Caco-2 cell viability in 

resazurin assay. ***= p<0.001, when compared to negative control (Triton-X 100). MEM= Modified 

Eagle Medium, EGAF= Ephedra gerardiana aqueous fraction. 
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3.1.12 Preliminary phytochemistry of aqueous fraction of Ephedra gerardiana  

Since, the pharmacological studies on Ephedra gerardiana aqueous ethanolic extract and 

its fractions unveiled aqueous fraction to be the most active fraction and results were akin 

to aqueous ethanolic extract of Ephedra gerardiana so, aqueous fraction was designated 

for phytochemical analysis.  

The phytochemical investigation of Ephedra gerardiana aqueous fraction divulged the 

existence of alkaloids, flavonoids, phenols, tannins, saponins and glycosides.  

3.1.13. Total phenolic and total flavonoid content of aqueous fraction of Ephedra 

gerardiana 

The total phenol content of aqueous fraction of Ephedra gerardiana was 385.78 ± 3.12 mg 

gallic acid equivalent/ml of Ephedra gerardiana aqueous fraction. The total flavonoid 

content of aqueous fraction of Ephedra gerardiana was 643.82 ± 3.74 µg quercetin 

equivalent/ml of Ephedra gerardiana aqueous fraction. So, total flavonoid content was 

greater than total phenol content in Ephedra gerardiana aqueous fraction. 

3.1.14. FTIR analysis of aqueous fraction of Ephedra gerardiana 

A comparison of FTIR spectrum of aqueous fraction with that of reference chart brought 

out the existence of different functional groups such as poly-hydroxy compounds, 

carboxylic acids, methoxy-methyl ether compounds, carbonyl compounds, alkenes, 

aromatic compounds, phenol/tertiary alcohol, methoxy and ether functional groups in 

aqueous fraction (Table 11 and Figure 46). 

3.1.15. Phenolic profile of aqueous fraction of Ephedra gerardiana 

The HPLC exploration of Ephedra gerardiana aqueous fraction disclosed the existence of 

quercetin, gallic acid, vanillic acid, benzoic acid, chlorogenic acid and M-coumaric acid 

(Figure 47 and Table 12). 
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Table 11: Functional groups identified by FTIR spectroscopy in Ephedra gerardiana 

aqueous fraction 

Peak value Stretching Functional group 

3520.09 cm-1 

3583.74 cm-1 

3603.03 cm-1 

O-H stretch Poly-hydroxy compound 

3145.90 cm-1 

3088.03 cm-1 
O-H stretch Carboxylic acid 

2713.84 cm-1 

2735.06 cm-1 

2792.93 cm-1 

2866.22 cm-1 

CH stretching vibration Methoxy methyl ether compounds 

1701.22 cm-1 
C=0 stretch 

 
Carbonyl compounds 

1523.76 cm-1 

1587.42 cm-1 
C=C Alkene 

1433.11 cm-1 -CH2 Aromatic Compounds 

1330.88 cm-1 O-H bend Phenol/Tertiary alcohol 

1213.23 cm-1 -CH3 Methoxy group 

1070.49 cm-1 

1097-50 cm-1 
C-O-C stretch Ether group 

 

 

Figure 46: FTIR spectrum of aqueous fraction of Ephedra gerardiana 
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Figure 47: HPLC chromatogram of aqueous fraction of Ephedra gerardiana 

 

Table 12: Phytoconstituents recognized in aqueous fraction of Ephedra gerardiana 

Peak No. RT (min) 
Area  

(mV.s) 

Area  

(%) 

Amount  

(ppm) 
Compounds 

8 2.913 57.067 3.3 3.02 Quercetin 

10 4.200 45.094 2.6 1.62 Gallic acid 

15 13.420 4.731 0.3 0.29 Vanillic acid 

17 14.567 12.680 0.7 1.34 Benzoic acid 

18 16.160 56.670 3.2 4.42 Chlorogenic acid 

21 19.800 132.068 7.5 1.58 M-coumaric acid 
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3.2. Results of studies on Ribes orientale aqueous ethanolic extract and 

fractions 

3.2.1. Effect of Ribes orientale extract/fractions on inhibition of protein (egg albumin) 

denaturation  

The in-vitro effect of aqueous ethanolic extract of Ribes orientale and its fractions against 

rheumatoid arthritis was investigated using egg albumin denaturation protocol. The Ribes 

orientale aqueous ethanolic extract/fractions (50-6400 μg/ml) displayed a significant 

(p<0.001) protection of egg albumin from denaturation in a concentration dependent mode. 

The plant extract/fractions showed anti-denaturation effect in the order as aqueous 

ethanolic extract > aqueous fraction > n-butanol fraction > diclofenac sodium (reference 

drug). The anti-denaturation effect of Ribes orientale aqueous ethanolic extract, aqueous 

fraction and n-butanol fraction was observed to be 231.94%-3063.88%, 199.99%-

2894.44% and 11.11%-2557.64%, respectively at 50-6400 µg/ml (Figure 48). However, 

reduction in denaturation of egg albumin by reference drug (diclofenac sodium) was found 

to be 59.02%-716.66% at 50-6400 µg/ml concentration. This reveals that Ribes orientale 

aqueous ethanolic extract produced maximum effect against egg albumin denaturation and 

most active fraction came out to be aqueous one, in contrast to n-butanol fraction.  

3.2.2. Effect of Ribes orientale extract/fractions on inhibition of protein (bovine serum 

albumin (BSA)) denaturation  

In BSA denaturation inhibition study, Ribes orientale aqueous ethanolic extract/fractions 

at concentrations ranging from 50-6400 µg/ml were tested to determine inhibitory 

percentage of heat instigated BSA denaturation, using aspirin as a reference drug. A 

noteworthy dose dependent (p<0.001) improvement in percentage protection of BSA form 

thermal denaturation was remarked with all the treatments in the following manner, 

aqueous ethanolic extract > aqueous fraction > n-butanol fraction > aspirin (standard drug). 

The aqueous ethanolic extract, aqueous and n-butanol fractions at highest concentration 

i.e., 6400 µg/ml elucidated 96.88%, 94.74% and 86.14% anti-denaturation effect on BSA, 

respectively (Figure 49). These results were equated with aspirin that showed 80.59% 

protection of BSA from denaturation at 6400 µg/ml concentration. The existing findings 

support the outcomes of egg albumin denaturation inhibition study i.e., aqueous ethanolic 

extract divulged maximum protection of BSA from thermal denaturation and most active 

fraction was aqueous fraction.  
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3.2.3. Effect of Ribes orientale extract/fractions on stabilization of human erythrocyte 

membrane 

The Ribes orientale aqueous ethanolic extract, its fractions and standard drug diclofenac 

sodium (50-6400 µg/ml) exhibited a considerable protection of human red blood cell 

(HRBC) membrane against hypotonic medium persuaded lysis in a concentration 

dependent mode. The order of HRBC membrane protection against lysis was observed as 

aqueous ethanolic extract > aqueous fraction > n-butanol fraction > diclofenac sodium. The 

aqueous ethanolic extract of Ribes orientale at 50-6400 µg/ml presented significant 

(p<0.001) stabilization of erythrocyte membrane as 68.69%-90.69%. Whereas, aqueous 

and n-butanol fractions demonstrated 53.55%-86.15% and 28.76%-71.23% prevention of 

HRBC membrane hemolysis, respectively as related to reference drug diclofenac sodium 

that presented 20.30%-70.49% protection of erythrocytes membrane against damaging 

effect of hypotonic solution at 50-6400 µg/ml (Figure 50). This shows that aqueous 

ethanolic extract and aqueous fraction of Ribes orientale offered maximum stabilization of 

erythrocytes membrane than n-butanol fraction.  
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Figure 48: Effect of Ribes orientale extract/fractions on inhibition of protein (egg 

albumin) denaturation. ***= p<0.001, **= p<0.01, ns=non-significant when compared to diclofenac. 

ROAEE= Ribes orientale aqueous ethanolic extract, ROAF= Ribes orientale aqueous fraction, ROBF= Ribes 

orientale n-butanol fraction. 
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Figure 49: Effect of Ribes orientale extract/fractions on inhibition of protein (BSA) 

denaturation. ***= p<0.001, **= p<0.01, ns=non-significant when compared to aspirin. ROAEE= Ribes 

orientale aqueous ethanolic extract, ROAF= Ribes orientale aqueous fraction, ROBF= Ribes orientale n-

butanol fraction. 
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Figure 50: Effect of Ribes orientale extract/fractions on HRBC membrane 

stabilization. ***= p<0.001, *= p<0.05, when compared to diclofenac. ROAEE= Ribes orientale aqueous 

ethanolic extract, ROAF= Ribes orientale aqueous fraction, ROBF= Ribes orientale n-butanol fraction. 
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3.2.4. Effect of Ribes orientale extract/fractions against formaldehyde induced 

arthritis in rats 

The induction of arthritis by formaldehyde on 1st and 3rd day unveiled injected paw swelling 

throughout the study period in arthritic control group. Nevertheless, all the treatments i.e., 

aqueous ethanolic extract and fractions dose dependently and significantly (p<0.001) 

prevented the increase in paw volume and diameter at 50, 100 and 200 mg/kg doses, 

compared to disease control group. The reference drug piroxicam (10 mg/kg) also 

significantly (p<0.001) prevented the rise in paw volume and diameter. At 10th day of study 

period, 200 mg/kg dose of aqueous ethanolic extract and fractions exhibited maximal 

reduction in paw volume and diameter. The aqueous ethanolic extract, aqueous fraction and 

n-butanol fraction treated animals at 200 mg/kg dose presented 78.20%, 72.73% and 

68.67% reduction in paw volume (Table 13) while, 74.45%, 70.15% and 67.11% reduction 

in paw diameter (Table 14), respectively on 10th day of study. Nonetheless, piroxicam (10 

mg/kg) treated group on 10th day exhibited 71.88% and 70.68% inhibition of paw volume 

and diameter, respectively. These outcomes demonstrate that Ribes orientale aqueous 

ethanolic extract produced maximum effect and aqueous fraction established to be most 

effectual as compared to n-butanol fraction. Since, peak inhibitory effect on paw volume 

and diameter at 10th day was presented by 200 mg/kg dose of Ribes orientale aqueous 

ethanolic extract and its fractions, this dose was selected further to elucidate the mechanism 

of action in FCA induced chronic immunological arthritis experiment.  
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Table 13: Effect of Ribes orientale extract/fractions on paw volume of formaldehyde 

induced arthritic rats 

Treatment 

groups 

Increase in paw volume (ml) 

Day 2 Day 4 Day 6 Day 8 Day 10 

Arthritic 

Control 

(3 ml/kg) 

1.47  

± 0.07 

1.87  

± 0.05 

2.00  

± 0.04 

2.03  

± 0.02 

2.12  

± 0.03 

Piroxicam 

(10 mg/kg) 

1.28  

± 0.09ns 

(13.02%) 

1.04  

± 0.07*** 

(44.23%) 

0.85  

± 0.07*** 

(57.40%) 

0.68  

± 0.05*** 

(66.43%) 

0.59  

± 0.04*** 

(71.88%) 

ROAEE 

(50 mg/kg) 

1.09  

± 0.07** 

(26.05%) 

1.21  

± 0.07*** 

(35.57%) 

1.06 

 ± 0.09*** 

(46.80%) 

0.86  

± 0.08*** 

(57.48%) 

0.84  

± 0.07*** 

(60.37%) 

ROAEE 

 (100 mg/kg) 

0.99  

± 0.09*** 

(32.56%) 

1.11  

± 0.08*** 

(40.49%) 

0.88  

± 0.12*** 

(55.90%) 

0.67  

± 0.11*** 

(67.02%) 

0.53  

± 0.12*** 

(74.90%) 

ROAEE 

 (200 mg/kg) 

0.89  

± 0.09*** 

(39.48%) 

0.96  

 ± 0.07*** 

(48.71%) 

0.75  

± 0.09*** 

(62.50%) 

0.53  

± 0.08*** 

(73.72%) 

0.46  

± 0.07*** 

(78.20%) 

ROAF 

(50 mg/kg) 

1.16  

± 0.07** 

(21.03%) 

1.45  

± 0.07*** 

(22.43%) 

1.19  

± 0.07*** 

(40.40%) 

1.02  

± 0.07*** 

(49.70%) 

0.93  

± 0.07*** 

(56.03%) 

ROAF 

 (100 mg/kg) 

1.08  

± 0.06*** 

(26.59%) 

1.27  

± 0.06*** 

(31.94%) 

1.05  

± 0.06*** 

(47.30%) 

0.80  

± 0.06*** 

(60.43%) 

0.74  

± 0.06*** 

(65.09%) 

ROAF 

 (200 mg/kg) 

1.03  

± 0.07*** 

(29.85%) 

1.15  

± 0.07*** 

(38.78%) 

0.83  

± 0.06*** 

(58.50%) 

0.68  

± 0.06*** 

(66.63%) 

0.58  

± 0.06*** 

(72.73%) 

ROBF 

(50 mg/kg) 

1.22  

± 0.05* 

(17.23%) 

1.48  

± 0.05*** 

(20.94%) 

1.25  

± 0.06*** 

(37.50%) 

1.07  

± 0.05*** 

(47.14%) 

1.05  

± 0.04*** 

(50.47%) 

ROBF 

 (100 mg/kg) 

1.14  

± 0.07** 

(22.65%) 

1.29  

± 0.08*** 

(31.08%) 

1.10  

± 0.06*** 

(44.80%) 

0.90  

± 0.071*** 

(55.70%) 

0.84  

± 0.07*** 

(60.47%) 

ROBF 

 (200 mg/kg) 

1.08  

± 0.06*** 

(26.72%) 

1.21  

± 0.07*** 

(35.14%) 

1.01  

± 0.07*** 

(49.60%) 

0.75  

± 0.07*** 

(63.09%) 

0.66  

± 0.07*** 

(68.67%) 

*** = p<0.001, **= p<0.01, *= p<0.05, ns=non-significant when compared to arthritic control. ROAEE= Ribes orientale aqueous 

ethanolic extract, ROAF= Ribes orientale aqueous fraction and ROBF= Ribes orientale n-butanol fraction. 
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Table 14: Effect of Ribes orientale extract/fractions on paw diameter of formaldehyde 

induced arthritic rats 

Treatment 

groups 

Increase in paw diameter (mm) 

Day 2 Day 4 Day 6 Day 8 Day 10 

Arthritic 

Control 

(3 ml/kg) 

6.44  

± 0.09 

8.45  

± 0.05 

10.58  

± 0.04 

11.11  

± 0.16 

12.77  

± 0.13 

Piroxicam 

(10 mg/kg) 

4.80  

± 0.19*** 

(25.41%) 

5.74  

± 0.30*** 

(32.07%) 

5.28  

± 0.18*** 

(50.06%) 

4.10  

± 0.09*** 

(63.07%) 

3.74  

± 0.13*** 

(70.68%) 

ROAEE 

 (50 mg/kg) 

5.05  

± 0.16*** 

(21.47%) 

6.58  

± 0.13*** 

(22.16%) 

6.15  

± 0.19*** 

(41.89%) 

5.40  

± 0.13*** 

(51.39%) 

5.33  

± 0.17*** 

(58.26%) 

ROAEE 

 (100 mg/kg) 

4.64  

± 0.14*** 

(27.87%) 

5.56  

± 0.15*** 

(34.20%) 

5.20  

± 0.14*** 

(50.84%) 

4.22  

± 0.16*** 

(62.01%) 

3.89  

± 0.16*** 

(69.51%) 

ROAEE 

 (200 mg/kg) 

4.47  

± 0.18*** 

(30.54%) 

5.01  

± 0.16*** 

(40.76%) 

4.25  

± 0.14*** 

(59.86%) 

3.49  

± 0.09*** 

(68.58%) 

3.26  

± 0.03*** 

(74.45%) 

ROAF 

 (50 mg/kg) 

5.19  

± 0.11*** 

(19.32%) 

6.73  

± 0.18*** 

(20.34%) 

6.55  

± 0.19*** 

(38.07%) 

5.85  

± 0.15*** 

(47.34%) 

5.76  

± 0.18*** 

(54.88%) 

ROAF 

 (100 mg/kg) 

4.86  

± 0.13*** 

(24.45%) 

5.74  

± 0.14*** 

(32.12%) 

5.59  

± 0.16*** 

(47.13%) 

4.52  

± 0.19*** 

(59.31%) 

4.49  

± 0.19*** 

(64.79%) 

ROAF 

(200 mg/kg) 

4.71  

± 0.09*** 

(26.75%) 

5.32  

± 0.22*** 

(37.02%) 

4.52  

± 0.16*** 

(57.23%) 

3.91  

± 0.12*** 

(64.78%) 

3.81  

± 0.15*** 

(70.15%) 

ROBF 

 (50 mg/kg) 

6.04  

± 0.13ns 

(6.15%) 

6.85  

± 0.12*** 

(18.94%) 

6.71  

± 0.18*** 

(36.60%) 

6.66  

± 0.16*** 

(40.00%) 

6.65  

± 0.16*** 

(47.93%) 

ROBF 

 (100 mg/kg) 

5.26  

± 0.13*** 

(18.33%) 

6.08  

± 0.15*** 

(28.03%) 

6.05  

± 0.16*** 

(42.80%) 

5.35  

± 0.15*** 

(51.86%) 

5.30  

± 0.13*** 

(58.48%) 

ROBF 

(200 mg/kg) 

5.01  

± 0.12*** 

(22.12%) 

5.91  

± 0.18*** 

(30.06%) 

5.52  

± 0.13*** 

(47.81%) 

4.27  

± 0.13*** 

(61.56%) 

4.20  

± 0.12*** 

(67.11%) 

Values in the parenthesis represent percentage inhibition of paw edema. *** = p<0.001, ns=non-significant when compared to arthritic 

control. ROAEE= Ribes orientale aqueous ethanolic extract, ROAF= Ribes orientale aqueous fraction, ROBF= Ribes orientale butanol 

fraction. 
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3.2.5. Effect of Ribes orientale extract/fractions against Freund Complete Adjuvant 

(FCA) induced arthritis in Sprague Dawley rats 

3.2.5.1. Ribes orientale extract/fractions reduced paw volume and diameter 

The paw edema and thickness considerably increased in arthritic control group as compared 

to vehicle control group throughout 28 days study period. In contrast, 200 mg/kg/day of 

test extract/fractions significantly (p<0.001) lowered the incidence rate of arthritis and 

prevented arthritic development on different days of anti-arthritic treatment, in comparison 

with arthritic control group (Figure 51). The anti-arthritic effect was observed as aqueous 

ethanolic extract > aqueous fraction > piroxicam > n-butanol fraction. The inhibition rate 

for paw volume was measured to be 72.80%, 68.18% and 58.12% (Table 15) while, for 

paw diameter as 70.57%, 67.61%, 57.34% (Table 16) in animal groups treated with 

aqueous ethanolic extract, aqueous fraction and n-butanol fraction at day 28, respectively. 

Also, paw volume and diameter were significantly (p<0.001) reduced (65.53% and 60.15%, 

respectively) on 28th day in standard drug piroxicam (10 mg/kg) treated group. From these 

findings, it could be inferred that optimum inhibition of paw edema was shown by Ribes 

orientale aqueous ethanolic extract and among the fractions, aqueous one maximally 

lowered the paw swelling and thickness. 

3.2.5.2. Ribes orientale extract/fractions subdued arthritic score 

All animals in disease control group unveiled severe inflammation and swelling with 

erythema in both ipsilateral and contralateral paws involving ankle, interphalangeal and 

metatarsal joints that indicated primary (day 3-6) and secondary (day 14-28) arthritic 

lesions. In addition, weight bearing on affected limb was distressingly endured by FCA 

injected control rats. However, vehicle control group presented no paw swelling. The 

treated animals exhibited unilateral inflammatory edema that decreased gradually at the 

end of 28 days study period (Figure 51). The animal groups treated with Ribes orientale 

aqueous ethanolic extract, aqueous fraction, n-butanol fraction and piroxicam presented a 

significant (p<0.001) decline in paw swelling and redness by suppressing the spread of 

edema from ipsilateral to contralateral hind limb and arthritic score on 28th day was 

observed as 2.20 ± 0.09, 2.35 ± 0.10, 2.75 ± 0.11 and 2.55 ± 0.09, respectively compared 

to arthritic control group (6.09 ± 0.26) (Figure 52). This shows that maximal reduction in 

arthritic score was obtained with aqueous ethanolic extract and aqueous fraction.  

 

 



    102 

 

3.2.5.3. Ribes orientale extract/fractions prevented body weight loss 

Body weight of all the animals under study was measured on weekly basis from day 0 to 

day 28. Body weight changes are presented in Figure 53, which depict a constant weight 

loss in adjuvant injected control animals up till end of 28 days study. However, there was 

a gradual rise in mean body weight of normal control animals. Furthermore, treatment with 

Ribes orientale aqueous ethanolic extract, aqueous fraction and n-butanol fraction 

prevented the body weight loss, when compared to arthritic control group. Likewise, 

significant improvement in body weight was recorded in piroxicam treated group at 28th 

day. 

3.2.5.4. Ribes orientale extract/fractions prevented abnormal alterations in 

hematological parameters 

Changes in the blood profile were observed after 28 days period of FCA injection in the 

hind paw of control and treated rats. Hematological changes for instance, increase in 

platelets, WBCs and ESR along with decrease in RBCs and Hb were documented in disease 

control animals. However, Ribes orientale aqueous ethanolic extract, its fractions and 

reference drug piroxicam prevented these abnormal hematological alterations as illustrated 

in Table 17. 

3.2.5.5. Ribes orientale extract/fractions prevented abnormal alterations in 

biochemical parameters 

The results of biochemical tests demonstrated that serum levels of AST, ALT and ALP 

were markedly upraised in arthritic control group, when equated with vehicle control group. 

Conversely, in animals treated with Ribes orientale aqueous ethanolic extract and aqueous 

fraction, there was a significant decline in serum AST, ALT and ALP levels whereas, ALP 

levels were significantly and AST and ALT levels were non-significantly reduced in 

animals treated with n-butanol fraction, compared with FCA control animals. Likewise, 

piroxicam treated rats shown significant reduction in ALT levels, whereas non-significant 

reduction in AST and ALP levels, in comparison with arthritic control rats (Table 17). In 

addition, serum levels of urea and creatinine, the most important renal function markers 

were noticeably elevated in FCA control rats, when paralleled with normal control rats. 

Nonetheless, a significant reduction in urea and creatinine levels was noted in rats treated 

with piroxicam, Ribes orientale aqueous ethanolic extract and aqueous fraction while, a 

non-significant subdual in n-butanol fraction treated rats, as compared to adjuvant injected 

untreated rats (Table 17). The inflammatory markers, serum RF and CRP represent 
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systemic and hepatic inflammation in response to adjuvant injection. Table 17 shows high 

serum levels of RF and CRP in disease control rats compared to vehicle control rats. A 

significant reduction in RF and CRP levels was noticed in Ribes orientale aqueous 

ethanolic extract, its fractions and piroxicam treated groups except a non-significant 

reduction in RF levels in n-butanol fraction treated group, when paralleled with disease 

control group (Table 17). 

3.2.5.6. Ribes orientale extract/fractions suppressed PGE2 and TNF-𝛼 levels 

The serum samples of arthritic control rats examined using ELISA showed a significant 

elevation in PGE2 and TNF-𝛼 levels (1.08 ± 0.04 and 1.48 ± 0.03) as compared to vehicle 

control rats (0.57 ± 0.02 and 0.22 ± 0.02). Contrary to that, a significant (p<0.001) reduction 

in PGE2 levels was discerned as 0.74 ± 0.02, 0.80 ± 0.01, 0.86 ± 0.01 and 0.87 ± 0.05 

(Figure 54) and TNF-𝛼 levels was ascertained as 0.32 ± 0.02, 0.40 ± 0.01, 0.51 ± 0.01 and 

0.52 ± 0.02 (Figure 55) in Ribes orientale aqueous ethanolic extract, aqueous fraction, n-

butanol fraction and piroxicam treated animals, respectively, when equated with arthritic 

control group. 

3.2.5.7. Ribes orientale extract/fractions downregulated mRNA expression levels of 

COX-2, IL-1β, IL-6, TNF-α, NFkB and upregulated mRNA expression levels of IL-4 

and IL-10 

The outcomes of RT-PCR analysis carried out at the end of study period divulged a 

significant downregulation of COX-2, IL-1β, IL-6, TNF-α, NF-kB mRNA expression 

levels and a significant upregulation of IL-4 and IL-10 mRNA expression levels in all 

treated groups as opposed to disease control group. The notably elevated mRNA expression 

of COX-2 was found in arthritic control rats (6.80 ± 0.66), compared with vehicle control 

rats (1.00 ± 0.00). Ribes orientale aqueous ethanolic extract, aqueous fraction, n-butanol 

fraction and piroxicam treated groups presented a significant (p<0.001) decline in COX-2 

expression levels i.e., 2.16 ± 0.31, 2.72 ± 0.21, 3.56 ± 0.47 and 3.34 ± 0.18, respectively, 

as compared to arthritic control group (Figure 56). As well, the significantly increased IL-

1β expression levels in arthritic control rats (6.50 ± 0.21) were significantly downturned 

(p<0.001) in rats treated with Ribes orientale aqueous ethanolic extract (1.96 ± 0.22), 

aqueous fraction (2.24 ± 0.33), n-butanol fraction (3.00 ± 0.34) and piroxicam (2.24 ± 0.34) 

(Figure 57). Similarly, increased IL-6 mRNA expression levels (Figure 58) were detected 

in arthritic control rats (4.66 ± 0.15), whereas, a significant reduction i.e., 1.96 ± 0.09, 2.14 

± 0.05, 3.02 ± 0.04 and 3.56 ± 0.17 in IL-6 mRNA expression levels was noticed in animal 
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groups treated with Ribes orientale aqueous ethanolic extract, aqueous fraction, n-butanol 

fraction and piroxicam, respectively. Moreover, considerably raised (p<0.001) mRNA 

expression of NF-ĸB in arthritic control group (5.20 ± 0.58) was found to be notably 

attenuated in Ribes orientale aqueous ethanolic extract, aqueous fraction, n-butanol fraction 

and piroxicam (2.06 ± 0.20, 2.60 ± 0.20, 3.70 ± 0.26 and 2.24 ± 0.42) treated groups, 

respectively (Figure 59). In addition, significantly increased TNF-α mRNA expression 

level was noticed in arthritic control rats (3.40 ± 0.43) as compared to vehicle control rats 

(1.00 ± 0.00). However, animal groups treated with Ribes orientale aqueous ethanolic 

extract (1.70 ± 0.18), aqueous fraction (1.90 ± 0.11) and piroxicam (2.14 ±0.27) shown a 

significant downregulation of TNF-α levels (Figure 60) whereas, group treated with n-

butanol fraction (2.48 ± 0.45) presented a non-significant (p>0.05) reduction in TNF-α 

levels, compared to arthritic control group. 

Moreover, significantly reduced mRNA expression levels of IL-4 (Figure 61) and IL-10 

(Figure 62) in arthritic control group (50.80% ± 2.27 and 36.00% ± 1.95, respectively), 

were significantly augmented in treated groups. The IL-4 levels were noted to be 69.80% 

± 3.01, 65.40% ± 1.36, 59.60% ± 1.29 and 71.40% ± 2.46 while, IL-10 levels were observed 

as 66.40% ± 1.36, 61.20% ± 1.36, 54.40% ± 2.23 and 66.60% ± 2.04 in animals treated 

with Ribes orientale aqueous ethanolic extract, aqueous fraction, n-butanol fraction and 

piroxicam, respectively as compared to disease control animals. 

3.2.5.8. Ribes orientale extract/fractions amended radiographic modifications 

The radiographs of ankle/tibiotarsal joints of arthritic control and Ribes orientale aqueous 

ethanolic extract/fractions treated rats are illustrated in Figure 63. Radiologic examination 

revealed extensive phalangeal bone erosion, periarticular bone resorption, no observable 

joint spaces, extensive joint deformity, diffuse soft tissue swelling, thickened and 

significantly enlarged and dense connective tissue in the joints of adjuvant injected control 

rats. The radiographs of vehicle control rats shown no joint tissue swelling, no focal 

cartilage/bone erosion and normal joint spaces and connective tissue. In contrast, mild 

swelling of soft tissue, slight bone resorption/erosions, definite joint space 

reduction/deformity and definite enlargement of connective tissue was seen in Ribes 

orientale aqueous ethanolic extract treated rats. Whereas, radiologic analysis exhibited 

moderate soft tissue swelling, bone resorption and erosion, moderate changes of joint 

spaces, noticeable joint deformity and moderately enlarged and dense connective tissue in 

the joints of aqueous fraction treated rats. While, X-rays of n-butanol fraction treated 
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animals divulged discernible soft tissue swelling, decreased bone density, marked joint 

space narrowing/joint deformity and marked enlargement of connective tissue. However, 

mild to moderate soft tissue swelling, bony erosion and resorption, considerable joint space 

narrowing and connective tissue enlargement were evident in piroxicam treated rats. Hence, 

these findings unveil that Ribes orientale aqueous ethanolic extract and its fractions 

especially aqueous one notably prevented radiographic modifications. 

3.2.5.9. Ribes orientale extract/fractions attenuated ankle joint histopathological 

alterations 

Histopathologic assessment of tissue sections from ankle joints is presented in Figure 64. 

The ankle joints of normal rats displayed intact articular cartilage with normal synovial 

tissue and joint space with no inflammation. The tremendously anomalous joint histology 

for instance, severe cartilage annihilation, distressed synovial lining, definite pannus 

formation, marked incursion of inflammatory cells and erosive modifications in bone and 

cartilage presented by arthritic control rats was upturned significantly by Ribes orientale 

aqueous ethanolic extract and moderately by Ribes orientale aqueous fraction. However, 

ankle joint sections of Ribes orientale n-butanol fraction treated rats presented marked 

histopathological changes. The data also expressed that piroxicam administration produced 

substantial reduction in inflammatory cell penetration, synovial hyperplasia, cartilage 

destruction and pannus formation, compared to arthritic control rats. These outcomes thus, 

exhibit that Ribes orientale aqueous ethanolic extract and its fractions especially aqueous 

one subdued histopathological changes of adjuvant injection in rats. 

The afore-mentioned results of FCA induced chronic arthritis experiment validate that 

Ribes orientale aqueous ethanolic extract showed maximum protection against FCA 

induced arthritis for all the tested parameters and results were close to vehicle control 

animals. Moreover, therapeutic effect exhibited by Ribes orientale aqueous fraction was 

comparable to aqueous ethanolic extract, hence suggesting aqueous fraction to be most 

active fraction.  
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Table 15: Effect of Ribes orientale extract/fractions on paw volume of FCA induced 

arthritic rats 

Treatment 

groups 

Increase in paw volume (ml) 

Day 0 Day 3 Day 7 Day 14 Day 21 Day 28 

Arthritic  

Control 

0.44  

± 0.04 

1.79  

± 0.05 

1.98  

± 0.06 

2.10 

± 0.06 

2.63  

± 0.07 

2.94  

± 0.07 

Vehicle  

Control 

0.39 

± 0.01 ns 

0.39  

± 0.02*** 

0.39  

± 0.025*** 

0.40  

± 0.02*** 

0.39  

± 0.01*** 

0.41  

± 0.03*** 

Piroxicam 

 (10 mg/kg) 

0.39  

± 0.03 ns 

 

1.50  

± 0.05** 

(16.38%) 

1.46  

± 0.06*** 

(26.06%) 

1.43  

± 0.05*** 

(31.71%) 

1.33  

± 0.07*** 

(49.46%) 

1.01  

± 0.05*** 

(65.53%) 

ROAEE 

 (200 mg/kg) 

0.42  

± 0.03 ns 

 

1.29  

± 0.07*** 

(27.87%) 

1.23  

± 0.08*** 

(38.08%) 

1.05  

± 0.08*** 

(49.80%) 

0.95 

± 0.07*** 

(63.95%) 

0.80  

± 0.08*** 

(72.80%) 

ROAF 

(200 mg/kg) 

0.37  

± 0.02 ns 

 

1.37  

± 0.06*** 

(23.63%) 

1.29  

± 0.06*** 

(34.94%) 

1.11  

± 0.07*** 

(47.14%) 

1.04  

± 0.07*** 

(60.41%) 

0.94  

± 0.07*** 

(68.18%) 

ROBF 

 (200 mg/kg) 

0.38  

± 0.02 ns 

 

1.53  

± 0.07** 

(14.60%) 

1.49  

± 0.08*** 

(24.44%) 

1.33  

± 0.07*** 

(36.66%) 

1.29  

± 0.07*** 

(51.13%) 

1.23  

± 0.06*** 

(58.12%) 

Values in the parenthesis represent percentage inhibition of paw volume. *** = p< 0.001, ** = p<0.01, ns=non-significant when 

compared to arthritic control. ROAEE= Ribes orientale aqueous ethanolic extract, ROAF= Ribes orientale aqueous fraction, ROBF= 

Ribes orientale n-butanol fraction. 

 

Table 16: Effect of Ribes orientale extract/fractions on paw diameter of FCA induced 

arthritic rats 

Treatment groups 
Increase in paw diameter (mm) 

Day 0 Day 3 Day 7 Day 14 Day 21 Day 28 

Arthritic  

Control 

3.62  

± 0.08 

8.70 

± 0.06 

10.81  

± 0.05 

13.15  

± 0.05 

18.74  

± 0.06 

21.23  

± 0.096 

Vehicle  

Control 

3.79  

± 0.16 ns 

3.78  

± 0.15*** 

3.77  

± 0.15*** 

3.81  

± 0.16*** 

3.79  

± 0.16*** 

3.79  

± 0.16*** 

Piroxicam 

 (10 mg/kg) 

3.52  

± 0.06 ns 

 

7.58  

± 0.06*** 

(12.87%) 

9.10  

± 0.13*** 

(15.84%) 

9.00  

± 0.09*** 

(31.56%) 

8.95  

± 0.13*** 

(52.21%) 

8.46  

± 0.10*** 

(60.15%) 

ROAEE 

 (200 mg/kg) 

3.85  

± 0.17 ns 

 

8.10  

± 0.21* 

(6.87%) 

7.89  

± 0.15*** 

(27.00%) 

7.52  

± 0.18*** 

(42.80%) 

7.49 

 ± 0.18*** 

(60.02%) 

6.25  

± 0.19*** 

(70.57%) 

ROAF 

(200 mg/kg) 

4.18  

± 0.13 ns 

 

8.45  

± 0.21 ns 

(2.94%) 

8.39  

± 0.20*** 

(22.39%) 

8.32  

± 0.21*** 

(36.71%) 

8.26  

± 0.21*** 

(55.94%) 

6.88  

± 0.16*** 

(67.61%) 

ROBF 

 (200 mg/kg) 

3.64  

± 0.08 ns  

 

8.61  

± 0.16 ns 

(1.05%) 

9.18  

± 0.15*** 

(15.11%) 

9.12  

± 0.16*** 

(30.66%) 

9.11  

± 0.17*** 

(51.40%) 

9.06  

± 0.17*** 

(57.34%) 

Values in the parenthesis represent percentage inhibition of paw diameter. *** = p<0.001, *= p<0.05, ns=non-significant when 

compared to arthritic control. ROAEE= Ribes orientale aqueous ethanolic extract, ROAF= Ribes orientale aqueous fraction, ROBF= 

Ribes orientale n-butanol fraction. 
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Arthritic control            
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Figure 51: Morphological changes of FCA injected hind paws of rats treated with 

Ribes orientale extract/fractions at different days of study. ROAEE= Ribes orientale aqueous 

ethanolic extract, ROAF= Ribes orientale aqueous fraction and ROBF= Ribes orientale n-butanol fraction 
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Figure 52: Effect of Ribes orientale extract/fractions on paw scoring of FCA 

induced arthritic rats. *** = p<0.001, *= p<0.05, ns=non-significant when compared to arthritic 

control. ROAEE= Ribes orientale aqueous ethanolic extract, ROAF= Ribes orientale aqueous fraction, 

ROBF= Ribes orientale n-butanol fraction. 
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Figure 53: Effect of Ribes orientale extract/fractions on body weight of FCA 

induced arthritic rats. *** = p<0.001, ** = p<0.01, *= p<0.05, ns=non-significant when compared 

to arthritic control. ROAEE= Ribes orientale aqueous ethanolic extract, ROAF= Ribes orientale aqueous 

fraction, ROBF= Ribes orientale n-butanol fraction. 
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Table 17: Effect of administration of Ribes orientale extract/fractions on 

hematological and biochemical parameters in FCA induced arthritic rats 

Parameters 
Arthritic 

control 

Vehicle 

control 
Piroxicam ROAEE ROAF ROBF 

Hematological values 

Hb 

(g/dL) 

 

9.40 

± 

0.52 

15.360 

± 

0.452*** 

12.420 

± 

0.594*** 

14.020 

±  

0.267*** 

13.520 

± 

0.403*** 

12.640 

± 

0.293*** 

RBCs 

(× 106 / µL) 

5.32 

± 

0.36 

8.890 

± 

0.213*** 

7.360 

± 

0.387*** 

8.170 

± 

0.146*** 

7.934 

± 

0.169*** 

7.522 

± 

0.387*** 

WBCs 

(× 103 / µL) 

13.68 

± 

0.95 

7.852 

± 

0.324*** 

10.560 

± 

0.326* 

8.800 

± 

0.766*** 

9.020 

± 

0.644*** 

10.780 

± 

0.732* 

Platelets 

(× 103 / µL) 

1318.40 

± 

106.50 

839.800 

± 

35.895** 

1005.800 

± 

64.140 ns 

850.000 

± 

72.984** 

923.600 

± 

54.659* 

1072.400 

± 

141.565 ns 

ESR 

(mm / 1st hr) 

8.00 

± 

0.71 

3.200 

± 

0.583*** 

4.800 

± 

0.583*** 

3.400 

± 

0.245*** 

3.800 

± 

0.200*** 

4.600 

± 

0.400*** 

Biochemical values 

AST  

(U/L) 

 

146.00 

± 

2.30 

112.40 

± 

5.73** 

128.40 

± 

3.92 ns 

121.20 

± 

3.65* 

124.20 

± 

6.65* 

129.80 

± 

8.65 ns 

ALT 

(U/L) 

48.20 

± 

2.52 

20.20 

± 

1.86*** 

37.80 

± 

2.75* 

37.20 

± 

1.43* 

38.00 

± 

2.17* 

41.60 

± 

3.61ns 

ALP 

(U/L) 

291.80 

± 

15.83 

157.40 

± 

17.33*** 

242.00 

± 

17.62 ns 

168.20 

± 

13.62*** 

180.20 

± 

9.45*** 

211.40 

± 

4.39** 

Urea 

(mg/dL) 

30.40 

± 

1.47 

13.80 

± 

2.96*** 

20.80 

± 

0.86** 

19.60 

± 

1.12** 

21.20 

± 

1.93** 

23.80 

± 

1.59 ns 

Creatinine 

(mg/dL) 

0.90 

± 

0.05 

0.40 

± 

0.07*** 

0.64 

± 

0.05** 

0.51 

± 

0.04*** 

0.65 

± 

0.05** 

0.75 

± 

0.05 ns 

CRP 

(mg/L) 

38.40 

± 

5.88 

3.20 

± 

0.58*** 

11.60 

± 

3.49*** 

8.80 

± 

1.96*** 

11.60 

± 

3.49*** 

15.60 

± 

3.60*** 

RF 

(IU / mL) 

35.20 

± 

7.84 

6.20 

± 

0.37*** 

18.80 

± 

1.96* 

9.60 

± 

1.60*** 

12.80 

± 

1.96** 

19.20 

± 

3.20* 

Values recorded are the mean ± SEM (n=5). ***= p<0.001, **= p<0.01, *= p<0.05, ns=non-significant compared with the arthritic 

control. ROAEE= Ribes orientale aqueous ethanolic extract, ROAF= Ribes orientale aqueous fraction, ROBF= Ribes orientale n-

butanol fraction. Hb=Hemoglobin, RBCs=Red blood cells, WBCs=White blood cells, ESR=Erythrocyte sedimentation rate, 

ALT=Alanine aminotransferase, AST=Aspartate aminotransferase, ALP=Alkaline phosphatase, CRP=C reactive protein, 

RF=Rheumatoid factor. 
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Figure 54: Effect of Ribes orientale extract/fractions on expression level of PGE2. ***= 

p<0.001, compared with arthritic control. ROAEE= Ribes orientale aqueous ethanolic extract, ROAF= Ribes 

orientale aqueous fraction, ROBF= Ribes orientale n-butanol fraction. 
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Figure 55: Effect of Ribes orientale extract/fractions on expression level of TNF-α. ***= 

p<0.001, compared with arthritic control. ROAEE= Ribes orientale aqueous ethanolic extract, ROAF= Ribes 

orientale aqueous fraction, ROBF= Ribes orientale n-butanol fraction. 
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Figure 56: Effect of Ribes orientale extract/fractions on mRNA expression level of 

COX-2. ***= p<0.001, compared with arthritic control. ROAEE= Ribes orientale aqueous ethanolic 

extract, ROAF= Ribes orientale aqueous fraction, ROBF= Ribes orientale n-butanol fraction. 
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Figure 57: Effect of Ribes orientale extract/fractions on mRNA expression level of IL-

1β. ***= p<0.001, compared with arthritic control. ROAEE= Ribes orientale aqueous ethanolic extract, 

ROAF= Ribes orientale aqueous fraction, ROBF= Ribes orientale n-butanol fraction. 

 



    112 

 

0

2

4

6
Arthritic Control

Vehicle Control

Piroxicam (10 mg/kg)

ROAEE (200 mg/kg)

ROAF (200 mg/kg)

ROBF (200 mg/kg)

***

*** ***

***

***

Treatment groups

F
o

ld
 C

h
a
n

g
e

 

Figure 58: Effect of Ribes orientale extract/fractions on mRNA expression level of IL-

6. ***= p<0.001, compared with arthritic control. ROAEE= Ribes orientale aqueous ethanolic extract, 

ROAF= Ribes orientale aqueous fraction, ROBF= Ribes orientale n-butanol fraction. 
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Figure 59: Effect of Ribes orientale extract/fractions on mRNA expression level of 

NFkB. ***= p<0.001, *= p<0.05, compared with arthritic control. ROAEE= Ribes orientale aqueous 

ethanolic extract, ROAF= Ribes orientale aqueous fraction, ROBF= Ribes orientale n-butanol fraction. 
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Figure 60: Effect of Ribes orientale extract/fractions on mRNA expression level of 

TNF-α.  ***= p<0.001, **= p<0.01, *= p<0.05, ns=non-significant, compared with arthritic control. 

ROAEE= Ribes orientale aqueous ethanolic extract, ROAF= Ribes orientale aqueous fraction, ROBF= Ribes 

orientale n-butanol fraction. 
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Figure 61: Effect of Ribes orientale extract/fractions on mRNA expression level of IL-

4.  ***= p<0.001, *= p<0.05, compared with arthritic control. ROAEE= Ribes orientale aqueous ethanolic 

extract, ROAF= Ribes orientale aqueous fraction, ROBF= Ribes orientale n-butanol fraction. 

 

 



    114 

 

0

20

40

60

80

100
Arthritic Control

Vehicle Control

Piroxicam (10 mg/kg)

ROAEE (200 mg/kg)

ROAF (200 mg/kg)

ROBF (200 mg/kg)

*** ***
***

***

***

Treatment groups

R
e
la

ti
v
e
 e

x
p

r
e
ss

io
n

 (
P

e
r
c
e
n

ta
g

e
)

 

Figure 62: Effect of Ribes orientale extract/fractions on mRNA expression level of IL-

10. ***= p<0.001, compared with arthritic control. ROAEE= Ribes orientale aqueous ethanolic extract, 

ROAF= Ribes orientale aqueous fraction, ROBF= Ribes orientale n-butanol fraction. 
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Figure 63: Radiographic analysis of left hind limbs of FCA induced arthritic rats 

treated with Ribes orientale extract/fractions. ROAEE= Ribes orientale aqueous ethanolic 

extract, ROAF= Ribes orientale aqueous fraction and ROBF= Ribes orientale n-butanol fraction. 
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Figure 64: Histopathological assessment of ankle joint of FCA injected arthritic rats 

treated with Ribes orientale extract/fractions. ROAEE= Ribes orientale aqueous ethanolic 

extract, ROAF= Ribes orientale aqueous fraction and ROBF= Ribes orientale n-butanol fraction. 
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3.2.6. DPPH free radical scavenging activity of Ribes orientale aqueous ethanolic 

extract/fractions 

The aqueous ethanolic extract and fractions of Ribes orientale presented noteworthy 

(p<0.001) free radical scavenging activity (Figure 65). The anti-radical ability improved as 

the concentration increased from 50 to 6400 µg/ml. The results were described as 

percentage inhibition, for instance, higher inhibitory percentage designated enhanced anti-

oxidant or scavenging potential. The aqueous ethanolic extract, aqueous and n-butanol 

fractions at concentrations ranging from 50-6400 µg/ml displayed 41.62%-82.11%, 

32.39%-80.28% and 25.45%-73.96% scavenging potential, respectively. The results 

attained were equated with standard drug (ascorbic acid), which presented 74.82%-91.02% 

DPPH scavenging activity at 50-6400 µg/ml concentration. The aforesaid findings thus, 

present maximum anti-radical effect of Ribes orientale aqueous ethanolic extract while, 

amid the fractions, Ribes orientale aqueous fraction displayed greater free radical 

scavenging potential than Ribes orientale n-butanol fraction. 

3.2.7. Ferric reducing anti-oxidant potential of Ribes orientale aqueous ethanolic 

extract/fractions 

The results of reducing power test are depicted in Figure 66 and it could be perceived that 

aqueous ethanolic extract and fractions of Ribes orientale (50-6400 µg/ml) produced 

appreciable concentration dependent reducing potential (p<0.001), compared to reference 

drug ascorbic acid at parallel concentrations. The reduction of Fe3+- Fe2+ in the presence of 

extract and fractions of Ribes orientale amplified with the increasing concentration of test 

sample. At maximal concentration of 6400 µg/ml, the reducing ability of aqueous ethanolic 

extract, aqueous and n-butanol fractions was observed as 1157.60%, 1018.54% and 

905.99%, respectively, when paralleled with standard drug ascorbic acid (1336.52%) at 

similar concentration. These findings thus depict maximal reducing power of Ribes 

orientale aqueous ethanolic extract while, efficacy of aqueous fraction was closer to 

aqueous ethanolic extract.  
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Figure 65: DPPH free radical scavenging activity of Ribes orientale extract/fractions. 

***= p<0.001, when compared to ascorbic acid. ROAEE= Ribes orientale aqueous ethanolic extract, ROAF= 

Ribes orientale aqueous fraction, ROBF= Ribes orientale n-butanol fraction. 
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Figure 66: Ferric reducing power assay of Ribes orientale extract/fractions. ***= 

p<0.001, when compared to ascorbic acid. ROAEE= Ribes orientale aqueous ethanolic extract, ROAF= 

Ribes orientale aqueous fraction, ROBF= Ribes orientale butanol fraction. 
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3.2.8. Effect of acute doses of Ribes orientale aqueous fraction in mice 

No treatment associated mortalities were recorded in mice with gradually increasing doses 

(10, 100, 1000, 1600, 2900 and 5000 mg/kg) of Ribes orientale aqueous fraction throughout 

the study period of 7 days. Behavioral signs of toxicity observed in mice given 5000 mg 

Ribes orientale aqueous fraction/kg body weight included mild weakness, sleep and 

reduced activity for first 24 hrs (Table 18). Nevertheless, no anomalous behavioral 

alterations, circulatory and respiratory signs, sensory nervous system effects (drowsiness, 

tremors and convulsion) and autonomic responses (perspiration, piloerection, salivation, 

defecation and urinary incontinence) were detected for remaining study period. Thus, 

aqueous fraction of Ribes orientale was found to be safe and non-toxic and its median lethal 

dose (LD50) in experimental animals was predicted to be >5000 mg/kg body weight. 

3.2.9. Effect of sub-acute doses of Ribes orientale aqueous fraction in Sprague Dawley 

rats 

All the rats treated for 14 days with 300, 600 and 900 mg/kg doses of Ribes orientale 

aqueous fraction appeared clinically normal and were devoid of any treatment related 

adverse effects. No significant variances in body weights were eminent amongst vehicle 

control and treated rats during 14 days observation period and body weight gradually 

increased in experimental animals as noted in weekly measurements (Figure 67). Moreover, 

organ weights (heart, liver and kidney) recorded at necropsy unveiled that rats treated with 

300, 600 and 900 mg/kg of Ribes orientale aqueous fraction showed liver weights 

significantly (p<0.001) different than vehicle control rats (Figure 68). However, no notable 

changes in heart and kidney weight were revealed at all the tested doses in contrast to 

control group. Furthermore, hematological and biochemical values are presented in Table 

19. There were no substantial changes in all the hematological parameters amongst animals 

in different treatment groups as well as animals in vehicle control group except a significant 

(p<0.01) increase in neutrophils (30.00% ± 2.35) and decrease in lymphocytes (66.17% ± 

1.60) at 900 mg/kg dose, compared to control group. Likewise, changes in most of the 

biochemical parameters were statistically non-significant (p<0.05) in all treated rats with 

respect to control group. Besides, rats treated with 300, 600 and 900 mg/kg doses shown 

significant reduction in ALP levels as 202.50 ± 12.46, 198.83 ± 4.72 and 200.50 ± 9.47 

U/L, respectively as compared to vehicle control rats (236.00 ± 4.09 U/L). A significant 

elevation in glucose levels was noted at 300 mg/kg (220.00 ± 11.55 mg/dL), 600 mg/kg 

(223.00 ± 5.55 mg/dL) and 900 mg/kg (276.33 ± 4.57 mg/dL) doses, in relation to vehicle 

control animals (183.00 ± 0.58 mg/dL). Similarly, total protein levels were found to be 
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notably decreased as 6.13 ± 0.05 and 5.80 ± 0.06 g/dL at 600 and 900 mg/kg doses, with 

respect to control (6.42 ± 0.07). Moreover, examination of microscopic morphology of 

liver, kidney and heart sections revealed no physical and structural anomalies at all the 

tested doses (Figure 69, 70, 71). 

3.2.10. Effect of sub-chronic doses of Ribes orientale aqueous fraction in Sprague 

Dawley rats 

The data obtained revealed that oral administration of Ribes orientale aqueous fraction (50, 

100 and 200 mg/kg doses) for 30 days did not exhibit mortality and non-significant 

treatment associated variations were discerned amid treated and control groups. Non-

significant changes were noticed amongst body weights of treated and vehicle control rats 

throughout the course of study (Figure 72). Likewise, with respect to control, the 30 days 

administration of Ribes orientale aqueous fraction at aforementioned doses displayed non-

significant (p>0.05) influence on body weight throughout the course of study as well as, on 

the weight of vital organs (liver, kidney and heart) at the time of dissection (Figure 73). 

Moreover, Table 20 sums up that hematological and biochemical markers were non-

significantly (p>0.05) altered in treated groups, with reference to vehicle control group. In 

line with this, histopathological examination of vehicle control and treated rats at the 

completion of study period divulged the absence of any gross pathological lesions in liver, 

kidney and heart (Figure 69, 70, 71). 

3.2.11. Effect of Ribes orientale aqueous fraction on Caco-2 cell viability in resazurin 

assay 

The results from resazurin test (Figure 74) depict that Caco-2 cells treated with 0.5% 

solution of Ribes orientale aqueous fraction were associated with only 10% decrease in 

viability and integrity at 3rd h and only 11% reduction in viability and integrity at 24th h. 

Here, 0.5% v/v Triton X-100 (negative control) induced a cytotoxicity of 94% at 3rd h and 

95.33% at 24th h on Caco-2 cells, whereas positive control prepared in white MEM 

exhibited 100% protective effect on Caco-2 cells. 
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Table 18: Acute toxicity study of aqueous fraction of Ribes orientale   

Treatment 

groups 

Dose 

(mg/kg) 

D/T* Signs of toxicity observed 

I 10 0/5 Nil 

II 100 0/5 Nil 

III 1000 0/5 Nil 

IV 1600 0/5 Nil 

V 2900 0/5 Nil 

VI 5000 0/5 Mild weakness, sleep and reduced 

activity for first 24 h 

                                *D/T: Number of mice deaths/total number of mice (n=5) 
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Figure 67: Effect of Ribes orientale aqueous fraction on body weights of Sprague 

Dawley rats in sub-acute toxicity study. ns=non-significant when compared to vehicle control. 

ROAF= Ribes orientale aqueous fraction. 
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Figure 68: Effect of Ribes orientale aqueous fraction on organ weights of Sprague 

Dawley rats in sub-acute toxicity study. *** = p<0.001, ns=non-significant when compared to 

vehicle control. ROAF= Ribes orientale aqueous fraction. 
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Table 19: Effect of oral administration of Ribes orientale aqueous fraction on 

hematological and biochemical parameters in Sprague Dawley rats in sub-acute 

toxicity study. 

Parameters Vehicle control 
ROAF  

(300 mg/kg) 

ROAF  

(600 mg/kg) 

ROAF  

(900 mg/kg) 

Hematological values 

TLC (×103/µL) 6.77 ± 0.36 6.17 ± 0.66 ns 7.23 ± 0.50 ns 7.03 ± 0.26 ns 

Neutrophils (%) 22.50 ± 1.12 28.67 ± 2.67 ns 27.67 ± 1.61 ns 30.00 ± 2.35* 

Lymphocytes (%) 74.00 ± 0.73 68.33 ± 2.93 ns 69.50 ± 2.35 ns 66.17 ± 1.60* 

Monocytes (%) 2.33 ± 0.33 2.00 ± 0.37 ns 1.67 ± 0.33 ns 2.33 ± 0.42 ns 

Eosinophils (%) 1.00 ± 0.26 1.00 ± 0.26 ns 1.00 ± 0.37 ns 1.50 ± 0.32 ns 

RBCs (×106/µL) 7.14 ± 0.08 7.23 ± 0.09 ns 7.14 ± 0.05 ns 6.95 ± 0.14 ns 

Hb (g/dL) 12.72 ± 0.11 12.87 ± 0.17 ns 12.70 ± 0.12 ns 12.77 ± 0.28 ns 

HCT (%) 41.85 ± 0.25 41.93 ± 0.21 ns 41.37 ± 0.27 ns 41.30 ± 0.26 ns 

MCV (fl) 56.15 ± 0.24 56.93 ± 0.65 ns 57.13 ± 0.67 ns 56.57 ± 0.44 ns 

MCH (pg) 17.50 ± 0.28 17.63 ± 0.25 ns 17.93 ± 0.18 ns 17.67 ± 0.31 ns 

MCHC (g/dL) 30.70 ± 0.15 30.77 ± 0.22 ns 31.07 ± 0.21 ns 30.63 ± 0.18 ns 

Platelets (×103/µL) 734.00 ± 10.08 706.33 ± 38.49 ns 811.33 ± 41.05 ns 750.00 ± 43.63 ns 

Biochemical values 

Liver profile 

ALT (U/L) 30.00 ± 1.73 23.67 ± 0.67 ns 33.67 ± 1.73 ns 29.67 ± 3.58 ns 

AST (U/L) 188.50 ± 4.78 174.33 ± 1.73 ns 177.17 ± 4.03 ns 180.00 ± 4.71 ns 

ALP (U/L) 236.00 ± 4.09 202.50 ± 12.46* 198.83 ± 4.72* 200.50 ± 9.47* 

Total protein 

(g/dL) 
6.42 ± 0.07 6.30 ± 0.09 ns 6.13 ± 0.05* 5.80 ± 0.06*** 

Albumin (g/dL) 2.05 ± 0.02 2.13 ± 0.05 ns 2.00 ± 0.04 ns 2.20 ± 0.07 ns 

Renal profile 

Urea (mg/dL) 28.00 ± 2.48 24.33 ± 2.35 ns 28.33 ± 1.84 ns 23.67 ± 1.98 ns 

Creatinine (mg/dL) 0.80 ± 0.06 0.67 ± 0.04 ns 0.83 ± 0.10 ns 0.93 ± 0.08 ns 

Cardiac profile 

LDH (U/L) 244.33 ± 1.45 242.83 ± 1.58 ns 246.83 ± 1.42 ns 249.00 ± 1.57 ns 

CK (U/L) 88.00 ± 1.81 85.17 ± 1.66 ns 87.50 ± 1.57 ns 88.67 ± 1.91 ns 

Lipid profile 

Total Cholesterol 

(mg/dL) 
77.00 ± 4.78 78.67 ± 1.67 ns 76.67 ± 2.95 ns 87.33 ± 2.39 ns 

Triglycerides 

(mg/dL) 
62.50 ± 2.45 53.83 ± 2.73 ns 56.00 ± 2.59 ns 57.33 ± 2.59 ns 

Glucose profile 

Glucose (mg/dL) 183.00 ± 0.58 220.00 ± 11.55** 223.00 ± 5.55** 276.33 ± 4.57*** 

***= p<0.001, **= p<0.01, *= p<0.05, ns=non-significant, compared with vehicle control. ROAF= Ribes orientale aqueous fraction. 

TLC=Total leukocyte count, RBC=Red blood cells, Hb=Hemoglobin, HCT=Hematocrit, MCV=Mean corpuscular volume, MCH= Mean 

corpuscular hemoglobin, MCHC= Mean corpuscular hemoglobin concentration, ALT=Alanine aminotransferase, AST=Aspartate 

aminotransferase, ALP=Alkaline phosphatase, LDH=Lactate dehydrogenase, CK=Creatine Kinase.  
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Figure 69: Histology of liver sections (H&E, 100x) of rats treated with Ribes orientale 

aqueous fraction (ROAF).  
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Figure 70: Histology of kidney sections (H&E, 100x) of rats treated with Ribes 

orientale aqueous fraction (ROAF).  
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Figure 71: Histology of heart sections (H&E, 100x) of rats treated with Ribes orientale 

aqueous fraction (ROAF).  
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Figure 72: Effect of Ribes orientale aqueous fraction on body weights of Sprague 

Dawley rats in sub-chronic toxicity study. ns=non-significant when compared to vehicle control. 

ROAF= Ribes orientale aqueous fraction. 
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Figure 73: Effect of Ribes orientale aqueous fraction on organ weights of Sprague 

Dawley rats in sub-chronic toxicity study. ns=non-significant when compared to vehicle control. 

ROAF= Ribes orientale aqueous fraction. 
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Table 20: Effect of oral administration of Ribes orientale aqueous fraction on 

hematological and biochemical parameters in Sprague Dawley rats in sub-chronic 

toxicity study. 

Parameters Vehicle control 
ROAF  

(50 mg/kg) 

ROAF  

(100 mg/kg) 

ROAF  

(200 mg/kg) 

Hematological values 

TLC (×103/µL) 6.72 ± 0.13 6.53 ± 0.19 ns 6.65 ± 0.19 ns 6.82 ± 0.14 ns 

Neutrophils (%) 42.80 ± 1.75 40.00 ± 1.47 ns 41.70 ± 1.33 ns 40.80 ± 1.49 ns 

Lymphocytes (%) 74.20 ± 1.75 68.90 ± 1.80 ns 75.90 ± 1.57 ns 78.60 ± 1.38 ns 

Monocytes (%) 2.50 ± 0.17 2.50 ± 0.17 ns 2.20 ± 0.13 ns 2.40 ± 0.16 ns 

Eosinophils (%) 1.00 ± 0.00 1.30 ± 0.15 ns 1.40 ± 0.16 ns 1.40 ± 0.16 ns 

RBCs (×106/µL) 7.19 ± 0.02 7.20 ± 0.02 ns 7.15 ± 0.02 ns 7.26 ± 0.02 ns 

Hb (g/dL) 13.74 ± 0.11 13.46 ± 0.01 ns 14.00 ± 0.09 ns 13.87 ± 0.12 ns 

HCT (%) 44.48 ± 0.16 41.02 ± 0.99 ns 42.87 ± 1.89 ns 44.80 ± 1.13 ns 

MCV (fl) 56.29 ± 0.19 56.41 ± 0.41 ns 55.26 ± 0.35 ns 56.32 ± 0.34 ns 

MCH (pg) 17.53 ± 0.12 17.70 ± 0.16 ns 17.57 ± 0.17 ns 17.33 ± 0.19 ns 

MCHC (g/dL) 32.61 ± 0.20 33.04 ± 0.15 ns 33.18 ± 0.19 ns 33.26 ± 0.23 ns 

Platelets (×103/µL) 838.90 ± 18.75 820.50 ± 4.95 ns 810.80 ± 4.57 ns 804.70 ± 3.84 ns 

Biochemical values 

Hepatic profile 

ALT (U/L) 34.40 ± 1.51 33.00 ± 1.63 ns 30.50 ± 1.78 ns 34.30 ± 1.65 ns 

AST (U/L) 188.50 ± 3.14 195.80 ± 1.68 ns 184.30 ± 1.76 ns 190.40 ± 1.82 ns 

ALP (U/L) 268.10 ± 2.55 273.50 ± 2.12 ns 272.20 ± 2.36 ns 275.70 ± 2.19 ns 

Total protein 

(g/dL) 
6.12 ± 0.16 5.97 ± 0.24 ns 6.15 ± 0.15 ns 5.82 ± 0.21 ns 

Albumin (g/dL) 3.34 ± 0.12 2.93 ± 0.15 ns 3.01 ± 0.18 ns 3.44 ± 0.110 ns 

Renal profile 

Urea (mg/dL) 28.30 ± 1.03 29.00 ± 1.59 ns 25.30 ± 2.01 ns 26.90 ± 1.91 ns 

Creatinine 

(mg/dL) 
0.88 ± 0.06 0.71 ± 0.04 ns 0.87 ± 0.04 ns 0.89 ± 0.05 ns 

Cardiac profile 

LDH (U/L) 246.00 ± 2.01 253.80 ± 2.45 ns 244.60 ± 2.43 ns 255.20 ± 3.79 ns 

CK (U/L) 87.20 ± 1.81 87.30 ± 1.51 ns 82.60 ± 1.83 ns 89.60 ± 2.03 ns 

Lipid profile 

Total Cholesterol 

(mg/dL) 
87.30 ± 1.65 81.10 ± 1.81 ns 84.60 ± 2.15 ns 86.00 ± 1.71 ns 

Triglycerides 

(mg/dL) 
81.50 ± 1.64 82.30 ± 1.84 ns 79.70 ± 1.28 ns 84.90 ± 1.94 ns 

Glucose profile 

Glucose (mg/dL) 186.40 ± 1.96 182.80 ± 1.97ns 185.40 ± 1.63 ns 192.80 ± 2.09 ns 

ns= non-significant compared with vehicle control. ROAF= Ribes orientale aqueous fraction. TLC=Total leukocyte count, RBC=Red 

blood cells, Hb=Hemoglobin, HCT=Hematocrit, MCV=Mean corpuscular volume, MCH= Mean corpuscular hemoglobin, MCHC= 

Mean corpuscular hemoglobin concentration, ALT=Alanine aminotransferase, AST=Aspartate aminotransferase, ALP=Alkaline 

phosphatase, LDH=Lactate dehydrogenase, CK=Creatine Kinase. 

 

 

 



    128 

 

 

3 24
0

20

40

60

80

100
Triton-X 100

MEM (5%)

ROAF (0.5%)

***

***

***

***

Time (h)

C
e
ll

 v
ia

b
il

it
y
 (

%
)

 

Figure 74: Effect of Ribes orientale aqueous fraction on Caco-2 cell viability in 

resazurin assay. ***= p<0.001, when compared to negative control (Triton-X 100). MEM= Modified 

Eagle Medium, ROAF= Ribes orientale aqueous fraction. 
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3.2.12. Preliminary phytochemistry of aqueous fraction of Ribes orientale 

Since, aqueous fraction of Ribes orientale was revealed to be most active fraction in in-

vitro and in-vivo experiments and its pharmacological effects were parallel to aqueous 

ethanolic extract so, aqueous fraction was selected for phytochemical investigations. 

The qualitative phytochemical analysis of aqueous fraction of Ribes orientale depicted the 

occurrence of flavonoids, phenols, tannins, saponins, alkaloids and glycosides. 

3.2.13. Total phenolic and total flavonoid content of aqueous fraction of Ribes orientale 

The total phenol and flavonoid content of aqueous fraction of Ribes orientale were found 

to be 205.00 ± 3.22 mg of gallic acid equivalent/ml of Ribes orientale aqueous fraction and 

473.12 ± 3.49 µg of quercetin equivalent/ml of Ribes orientale aqueous fraction, 

respectively. So, total flavonoid content was greater than total phenol content in Ribes 

orientale aqueous fraction. 

3.2.14. FTIR analysis of aqueous fraction of Ribes orientale 

A comparison of FTIR spectrum of aqueous fraction with that of reference chart brought 

out the existence of different functional groups such as poly-hydroxy compounds, 

carboxylic acids, methoxy-methyl ether compounds, terminal alkynes, nitryl compounds, 

carbonyl compounds, alkenes, aromatic compounds, methylene and ether functional groups 

in aqueous fraction (Table 21 and Figure 75). 

3.2.15. Phenolic profile of aqueous fraction of Ribes orientale  

The HPLC analysis revealed the presence of quercetin, p-coumaric acid, M-coumaric acid 

and cinnamic acid in Ribes orientale aqueous fraction (Figure 76 and Table 22). 
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Table 21: Functional groups identified by FTIR spectroscopy in Ribes orientale 

aqueous fraction 

Peak value Stretching Functional group 

3475.73 cm-1 

3622.32 cm-1 
O-H stretch Poly-hydroxy compound 

3138.18 cm-1 O-H stretch Carboxylic acid 

2752.42 cm-1 

2789.07 cm-1 

2856.58 cm-1 

CH stretching vibration Methoxy methyl ether compounds 

2117.84 cm-1 

2146.77 cm-1 

C = C  

 
Terminal alkynes 

1936.53 cm-1 

2059.98 cm-1 
Multiple bonding Nitrile compounds 

1687.71 cm-1 C=O Carbonyl compounds 

1581.63 cm-1 C=C Alkene 

1433.11 cm-1 -CH2 Aromatic compounds 

1323.17 cm-1 CH2  Methylene group 

1055.06 cm-1 C-O-C stretch Ether group 

 

 

Figure 75: FTIR spectrum of aqueous fraction of Ribes orientale 
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Figure 76: HPLC chromatogram of aqueous fraction of Ribes orientale 

 

Table 22: Phytoconstituents recognized in aqueous fraction of Ribes orientale 

Peak No. RT (min) 
Area  

(mV.s) 

Area  

(%) 

Amount  

(ppm) Compounds 

2 2.893 143.913 5.4 
7.62 

Quercetin 

8 17.687 82.255 3.1 
1.06 

p-coumaric acid 

9 20.227 87.016 3.3 
1.04 

M-coumaric acid 

10 25.593 440.743 16.5 
15.42 

Cinnamic acid 
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4. DISCUSSION 

Medicinal plants are indigenous heritage of global importance because plant species are 

being utilized as traditional medications by 80% of rural population for their primary health 

care in developing countries and presently, research on traditional uses of plant species has 

attained notable attention in the scientific community as they are cost-effective, safe and 

affordable (Umair et al., 2017). Pakistan is bestowed with valuable medicinal plants and 

about 600 to 700 plants out of 6,000 plant species existing in Pakistan have been described 

to be used therapeutically (Shinwari, 2010). A total of 371 medicinal plants of Pakistan are 

being used both externally as well as internally by local healers for the treatment of 

inflammation and rheumatoid arthritis (Alamgeer et al., 2018). The worsening condition of 

rheumatoid arthritis (RA) requires proper therapy along with better economical 

consideration. Even though synthetic drugs are available in the market for treatment of RA, 

their use is limited due to serious side effects upon chronic use. Hence, it was speculated 

that pharmacological evaluation of traditionally used medicinal plants of Pakistan i.e., 

Ephedra gerardiana Wall and Ribes orientale Desf would justify their positive influencing 

role in the management of rheumatoid arthritis and find some novel compounds for the 

treatment of rheumatoid arthritis. Also, anti-oxidant, toxicity and phytochemical studies of 

these plants were performed.  

Protein denaturation is one of the major reasons of inflammatory and arthritic maladies, 

which progress to auto-antigen formation hence, causing rheumatic disorders. It is also 

well-known that oxidative stress i.e., reactive oxygen species (ROS) prompt the process of 

protein denaturation which causes inflammation (Marrassini et al., 2018). It has been 

described that when bovine serum albumin (BSA) is heated, it experiences denaturation 

and exhibit antigens akin to type III hypersensitivity that proceeds to illnesses for instance, 

rheumatoid arthritis (Ramalingam et al., 2010). The process of denaturation conceivably 

constitutes modifications in electrostatic, hydrophobic, hydrogen and disulphide bonding 

(Rahman, 2012). Prior to the discovery of inhibitory effect of NSAIDs on cyclooxygenase 

(COX), it was proposed that protein denaturation inhibition was the prime mechanism of 

action of NSAIDs due to which these drugs might perform substantial anti-arthritic activity 

(Padmanabhan and Jangle, 2012). Several anti-inflammatory drugs such as indomethacin, 

diclofenac sodium, flufenamic acid and salicylic acid dose reliantly avert thermally incited 

denaturation of protein at pathological pH (6.2-6.5) (Menon et al., 2011). Thereupon, 

substances that can deter denaturation of protein would be effectual for developing anti-
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rheumatic biologics. In the existing investigation, aqueous ethanolic extracts and fractions 

(notably aqueous fractions) of Ephedra gerardiana and Ribes orientale inhibited thermal 

protein (BSA and egg albumin) denaturation. Hence, both plants could be capable to abate 

auto-antigen generation that obliquely diminishes protein denaturation and thus, alleviate 

arthritis that might be allied with the remarkable anti-oxidant activity (anti-radical and 

reducing power) of tannins, flavonoids, alkaloids and polyphenolic constituents (Daniel 

and Dluya, 2016; Abotsi et al., 2012; Padmanabhan and Jangle, 2012a) identified in 

Ephedra gerardiana and Ribes orientale in existing study. 

The membrane of red blood cells is related to membrane of lysosomes so, maintenance of 

human red blood cell (HRBC) membrane from hypotonicity prompted lysis by any 

therapeutic agent can be linked with its anti-arthritic potential. The hypotonic medium 

instigates bursting of lysosomal membrane, subsequently ensuing in discharge of 

lysosomal enzymes (bacterial enzymes and proteases) and phospholipase A2, which causes 

tissue damage and production of inflammatory intermediaries (Alamgeer et al., 2015). 

Hypotonicity prompted hemolysis may arise from shrinking of cell on account of osmotic 

loss of intracellular fluids and electrolytes. Hereafter, maintenance of lysosomal membrane 

is essential for regulating inflammatory response (Kumar et al., 2011). Glucocorticoids and 

certain NSAIDs conserve lysosomes and thus, hamper the discharge of lysosomal enzymes 

therefore, escaping deterioration (Udavant et al., 2012). Ephedra gerardiana and Ribes 

orientale aqueous ethanolic extracts and their fractions (most prominently aqueous 

fractions) evidently subdued hypotonicity tempted HRBC hemolysis that can be 

extrapolated towards lysosomal integrity and inhibition of release of lysosomal contents in 

activated neutrophils thus exerting beneficial effects in arthritis. Although, exact 

mechanism of membrane stabilization or inhibition of lysosomal membrane permeability 

is not clear, yet the membrane stabilizing activity of Ephedra gerardiana and Ribes 

orientale might be ascribed to explicit interplay between membrane components and plant 

phytoconstituents for instance, phenolics and flavonoid contents as, it has formerly been 

reported that flavonoids (Feyisayo et al., 2015) and phenolics (Bouhlali et al., 2018) exert 

profound stabilizing effects on lysosomes. Also, the aforementioned results of RT-PCR 

have avowed that both plants suppressed mRNA expression of pro-inflammatory cytokines 

(IL-1β, TNF-alpha, NF-Kβ) and COX-2. Decreased COX-2 expression inhibits the 

generation of arachidonic acid metabolite from ruptured lysosomal membrane, hence 

subduing further inflammatory response. HPLC profiling revealed the presence of 

flavonoids and polyphenolics in aqueous fractions of both plants. It has been studied earlier 
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that flavonoids suppress lipopolysaccharide induced mRNA levels of COX and LOX by 

inhibiting various signaling pathways in RAW 264.7 cell line (Li et al., 2016). As well as 

polyphenolic acids decrease the production of COX-2 by suppressing mRNA expression 

(Zhao et al., 2016). This suggests that Ephedra gerardiana and Ribes orientale could 

impede tissue damage by inhibiting the liberation of inflammatory and hydrolytic 

lysosomal enzymes hence, protecting against development of inflammation in arthritis. 

Formaldehyde induced arthritis in rats is one of the most pertinent test methods to screen 

anti-arthritic drugs because of its resemblance to human arthritis (Ben et al., 2016). 

Formaldehyde prompts arthritis by protein deterioration at injection point that accelerates 

the development of an immunological reaction against degraded products (Nair et al., 

2012). In addition, formaldehyde instigates arthritis in a biphasic manner i.e., it presents 

neurogenic constituents that influence brain function and then initiate tissue interceded 

response (Owoyele et al., 2011). The primary phase of edema is ascribed to liberation of 

histamine, serotonin and kinin-like substances while, second accelerating phase of edema 

is owing to discharge of prostaglandin like substances (Shaikh, 2011). These mediators are 

accountable for vasodilation, increased capillary permeability, inflammatory edema, 

algesia and articular damage, thus ensuing in augmented blood flow that causes redness 

(erythema) in tissues (Panda and Khambat, 2013). Ephedra gerardiana and Ribes orientale 

aqueous ethanolic extracts and their respective fractions (most prominently aqueous 

fractions) inhibited the increasing edematous response to formaldehyde and swelling about 

paw and ankle joint of arthritic rats. This inhibition of paw edema might be because of the 

potentiality of Ephedra gerardiana and Ribes orientale to inhibit protein denaturation 

locally as revealed in in-vitro protein denaturation inhibition assays, in which both plants 

notably inhibited BSA and egg albumin denaturation. Also, in Ephedra gerardiana treated 

groups, decrease in edema might be owing to the reduction in discharge of inflammatory 

intermediaries such as PGE2 and COX-2 (as summarized in the results of ELISA and RT-

PCR) by phenol and flavonoid constituents as, the polyphenolics identified through HPLC 

analysis in Ephedra gerardiana in current study i.e., quercetin (Warren et al., 2009; Kelly, 

2011), gallic acid (Das et al., 2013), vanillic acid (Calixto-Campos et al., 2015), 

chlorogenic acid (Chen and Wu, 2014) and coumaric acid (Zhao et al., 2016) have 

previously been reported to constrain the expression of COX-2 and PGE2. Moreover, in 

Ephedra gerardiana treated groups, reduction in edema could also be attributed to the 

presence of valuable alkaloids i.e., ephedrine (0.88 % w/w) (Zafar and Ahmad, 2006), nor-

ephedrine, methyl-ephedrine and pseudoephedrine (Watanabe et al., 1996) in Ephedra 
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gerardiana as ephedrine, pseudoephedrine and ephedroxane have been stated to exhibit 

anti-inflammatory effect by reducing hind paw edema induced by histamine, serotonin and 

bradykinin (Hikino et al., 1980; Kasahara et al., 1985). Likewise, in Ribes orientale treated 

groups, decrease in edema might be because of decrease in the release of inflammatory 

mediators i.e., PGE2 and COX-2 (as revealed in ELISA and RT-PCR analysis) owing to 

the presence of polyphenolics identified through HPLC analysis in current study i.e., 

quercetin, cinnamic acid and coumaric acid as, these phytoconstituents have previously 

been reported to constrain the expression of COX-2 and PGE2 (Warren et al., 2009; Chehri 

et al., 2018; Zhao et al., 2016). This could also be supported by results of another study in 

which, another specie of Ribes i.e., Ribes glaciale Wall shown a significant anti-

inflammatory and analgesic activity owing to the presence of high amount of phenolic and 

flavonoid contents (Sati et al., 2015). Moreover, prodelphinidins, the major constituents 

isolated from Ribes nigrum have also inhibitory influence on COX- 2 and PGE2 (Garbacki 

et al., 2002).  Thus, being the member of same genera and family these compounds might 

be involved in anti-inflammatory and antiarthritic effects of Ribes orientale. Hence, the 

current findings elucidate the promising effect of Ephedra gerardiana and Ribes orientale 

extracts/fractions on formaldehyde instigated injury and accordingly, arthritic conditions. 

Besides, the maximum anti-arthritic effect of aqueous fractions of both plants among other 

fractions might be owing to the concentration of anti-arthritic phytoconstituents in aqueous 

fractions.  

Freund Complete Adjuvant (FCA) induced arthritis is a well-established chronic 

inflammatory model of arthritis. Inoculation of animals with FCA is recognized to generate 

an intense inflammation systemically (described by synovial membrane permeation, 

extreme swelling and remodeling of joints) that bear a resemblance to arthritic 

characteristics of human RA (described by paw edema, pain in joint, body weight loss and 

cartilage demolition) (Shen et al., 2013; Zheng et al., 2014). The adjuvant injection under 

hind paw instigates soreness and puffiness of joints/paws in rats, signifying progression of 

inflammation. An inflammatory reaction commences as primary lesions within 3-5 days 

consequent to FCA injection, followed by secondary lesions (contralateral limbs 

inflammation) after 11-12 days (Alamgeer et al., 2017). Swelling and scoring of paw are 

indicators for evaluating anti-arthritic potential of numerous drugs. Paw edema is normally 

allied with escalation in fluid/proteins extravasation, vascular penetrability and cellular 

intrusion in inflammatory region (Bose et al., 2014). All these precarious inflammatory 

events have been reported to be antagonized by aspirin and other anti-inflammatory drugs 
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(Alamgeer et al., 2015; Babu et al., 2011). In the current study, in arthritic control group, 

inflammation persisted up to 28 days due to consistent edema and cellular influx. However, 

in the treatment groups, peak inflammation was on day 3, after which inflammation began 

to subside. The aqueous ethanolic extracts and fractions of Ephedra gerardiana and Ribes 

orientale exhibited striking decline in rat paw volume/diameter compared to FCA control 

rats. Likewise, Ephedra gerardiana and Ribes orientale extracts and fractions significantly 

decreased scores of arthritis in rats and protected against morphological changes of RA by 

decreasing inflammation and redness together with preventing the development of 

secondary lesions due to their anti-inflammatory and anti-arthritic potential. This might be 

attributed to aforementioned polyphenolic constituents detected in both plants in existing 

study that possibly reduced mRNA expression level of COX-2, TNF-α, NF-Kβ, IL-1β and 

PGE2 hence reducing the painful inflammatory response. 

Rheumatoid cachexia is the general characteristic of arthritis, which is assumed to be owing 

to poor appetite and augmented production of cytokines that increase the breakdown of 

proteins and resting metabolism (Adeneye et al., 2014). TNF-α excites energy utilization 

via increase in lipid and protein metabolism and decrease in energy consumption by its 

anorectic discharge hence, resulting in cachexia (Lin et al., 2013). In RA, cachexia might 

also be attributed to tissue demolition because of muscle protein proteolysis via lysosomal 

proteases that is mediated by PGE2. As well as, reduced absorption of 14C–leucine and 14C–

glucose in rat intestine due to reduced intake of food owing to physical immobility allied 

with hyperalgesia might also contribute to rheumatoid cachexia (Alamgeer et al., 2015; 

Alamgeer et al., 2017). The findings of present investigation demonstrate that Ribes 

orientale and Ephedra gerardiana extracts and fractions except Ephedra gerardiana ethyl 

acetate fraction prevented body weight loss that could be ascribed to the significant 

suppression of mRNA expression levels of serum PGE2 and TNF-α by both plants as 

detected in ELISA and RT-PCR analysis. This might also be ascribed to improvement in 

the condition of rats by preventing hyperalgesia and inflammation allied with arthritis along 

with improving intestinal absorption capacity by Ephedra gerardiana and Ribes orientale.  

Emerging evidence has designated that development of RA is correlated with disturbance 

in T cell homeostasis. CD4+ helper T (Th) cells are generally described as Th1 or Th2 cells. 

Earlier studies have hypothesized that RA is a Th1 driven ailment with abnormal T cell 

activation, resulting in Th1/Th2 cytokine imbalance (He et al., 2017). Upon activation, Th1 

cells secrete pro-inflammatory cytokines while, Th2 cells produce anti-inflammatory 
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cytokines (Schulze-Koops and Kalden, 2001). Numerous constituents of inflammation and 

immunity, for instance, equilibrium amongst pro- and anti-inflammatory cytokines have 

been presented to play a part in inception and development of RA (Bose et al., 2014). It has 

been avowed that FCA injection elicits T cell that successively triggers monocytes and 

macrophages. The instigation of macrophages increase lysosomal enzymes, produce pro-

inflammatory cytokines and other inflammatory mediators. Over-expressed pro-

inflammatory cytokines promote tissue annihilation, irreparable synovial tissue 

propagation, joint damage and bone attrition (Yeom et al., 2003; Mo et al., 2013). Amongst 

the inflammatory intermediaries, TNF-α is a crucial pro-inflammatory mediator 

(Waksman, 2002) and its overexpression is fundamental for stimulation of inflammatory 

genes, recruitment of immune cells of host (Costa et al., 2013) and cartilage/bone 

annihilation (McInnes and Schett, 2007). Overproduction of TNF-α fuel synovial cells to 

arbitrate hyperplasia of synovium, generate enzymes that deteriorate extracellular matrix, 

produce chemokines, induce endothelial adhesion molecules, stimulate collagenase, 

stromelysin and osteoclast differentiation thus, facilitate the progression of arthritic 

erosions (Cheng et al., 2015; Shanahan et al., 2003). As well, TNF-α increases the 

expression of IL-1β, PGE2 and IL-6 so, as to facilitate and intensify their activities in 

peripheral organs (Obiri et al., 2014). Similarly, IL-1β strongly actuates osteoclasts and 

instigates the generation of matrix metalloproteinases thus, directly prompting bone erosion 

(Barksby et al., 2007). Additionally, IL-6 being discharged from macrophages and T cells 

arouse immune reaction, contribute to bone resorption and autoantibodies production, for 

instance rheumatoid factor (RF) (Álvarez, 2009). Hence, obstructing TNF-α offers greater 

overall influence on inflammation than blocking rest of the cytokines as, this will suppress 

pathological processes of RA. Therapeutic substances that explicitly impede TNF-α, IL-1β 

and IL-6, epitomize a leading advancement towards the treatment of arthritis (Shanahan et 

al., 2003). Furthermore, NF-кB, a fundamental transcription factor present in macrophages, 

control the gene expression for several cytokines and perform a substantial role in arthritis 

progression (Kim et al., 2009). NF-кB is involved in differentiation and instigation of 

osteoclasts that bring about resorption of bone, faulty apoptosis, Th1 response development 

and multiplication of RA synoviocytes. Hence, NF-кB inhibitors are deliberated to have 

high therapeutic efficiency and are practicable as anti-arthritic therapy for human ailment 

(Shabbir et al., 2014). Likewise, PGE2 produced through arachidonic acid metabolism via 

COX (cyclooxygenase) pathway is of specific concern in rheumatoid synovium, with 

COX-2 especially accountable for increased prostaglandin production (Cheng et al., 2015; 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Schulze-Koops%20H%5BAuthor%5D&cauthor=true&cauthor_uid=11812015
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kalden%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=11812015
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Zheng et al., 2014). COX-2 is up-regulated in inflamed tissue, resulting in angiogenesis 

and persistent synovial vascularization (Woods et al., 2003). Augmented prostaglandin 

levels can facilitate pain, vasodilation, bone/cartilage attrition and fluid extravasation 

(Fattahi and Mirshafiey, 2012). Contrariwise, IL-10, a powerful immunomodulatory 

cytokine negatively regulates the development of RA synovitis. It is formed by Th2 cells 

and monocytes (Bozkurt et al., 2006; Walmsley et al., 2005). In the pathogenesis of RA, 

IL-10 deter Th1 cell provoked cytokines (IL-1, IFN-γ, TNF-α, GM-CSF), protect the joint 

tissues, decrease the action of antigen presenting cells and impede IL-18 expression (Lin et 

al., 2013). Alike, IL-4 upholds the production of Th2 cell and constrains the generation of 

Th1 cells (Shabbir et al., 2014). The findings of current study illustrate that oral 

administration of Ribes orientale and Ephedra gerardiana extracts and fractions in arthritic 

rats considerably down regulated mRNA expression levels of TNF-α, IL-1β, NF-кB and 

IL-6, also, abated COX-2 and PGE2 concentrations (inflammatory enzymes), however, 

notably up regulated mRNA expression levels of IL-4 and IL-10. The anti-arthritic effect 

of Ephedra gerardiana might be linked up with the presence of polyphenolic constituents 

such as quercetin, gallic acid, vanillic acid, chlorogenic acid and p-coumaric acid as 

detected in HPLC analysis in present study and alkaloidal contents (Watanabe et al., 1996) 

detected previously in Ephedra gerardiana as these phytoconstituents impede the discharge 

of inflammatory mediators such as quercetin has been stated to downturn clinical symptoms 

of arthritis in chronic adjuvant persuaded arthritis by impeding the production of COX-2, 

PGE2, NO, TNF-α and expression of iNOS with diminution of NF-κB instigation (Warren 

et al., 2009; Kelly, 2011; Choi et al., 2012). Likewise, gallic acid constrains the expression 

of inflammatory mediators (iNOS, PGE2, IL-1β, TNF-α, IL-6, COX-2 and NO) by 

obstructing the pathway of NF-κB stimulation (Das et al., 2013). Moreover, vanillic acid 

employs anti-inflammatory property by deterring neutrophil recruitment, oxidative stress 

and NF-κB associated reticence of pro-inflammatory cytokine generation (TNF-α, IL-6, 

COX-2 and PGE2) (Calixto-Campos et al., 2015). Similarly, chlorogenic acid attenuates 

pro-inflammatory cytokines (IL-6, IL-1β and TNF-α), oxidative stress, blocks NFκB 

pathway, impedes COX-2 and PGE2 assembly and iNOS and NO manifestation (Chen and 

Wu, 2014; Hwang et al., 2014; Liang and Kitts, 2015). As well, p-coumaric acid deters 

inflammatory cytokines (iNOS, COX-2, IL-1β, TNF-α) production by obstructing NF-κB 

and MAPKs signaling pathways (Pragasam et al., 2013; Zhao et al., 2016). Moreover, 

pseudoephedrine and ephedrine, the major alkaloidal constituents of Ephedra gerardiana 

have formerly been described to produce anti-inflammatory effect through inhibition of 
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TNF-α production by targeting NF-κB activation (Wu et al., 2014). In another 

investigation, pseudoephedrine subdued T-cell activation by targeting NF-κB and activator 

protein-1 signaling pathways to decrease TNF-α production (Fiebich et al., 2012). Also, 

ephedroxane possess anti-inflammatory effects (Abourashed et al., 2003). Earlier, an 

analysis carried out on Ephedra intermedia also revealed a marked anti-inflammatory 

activity due to the presence of pseudoephedrine and ephedroxane (Perez, 2001). Hence, 

amelioration of arthritis by Ephedra gerardiana through its anti-inflammatory, 

immunomodulatory and anti-oxidant activities might be owing to the aforementioned 

valuable polyphenolic, flavonoid and alkaloidal constituents. On the other hand, anti-

arthritic effect of Ribes orientale might also be ascribed to polyphenolic constituents such 

as quercetin, cinnamic acid and coumaric acid detected in HPLC analysis in present study 

as cinnamic acid has been described to hinder NF-κB activation and decrease TNFα 

expression owing to its potent anti-oxidant and anti-inflammatory properties (Alam et al., 

2016) whereas, anti-inflammatory potential of quercetin and coumaric acid has been 

described above. These results are reinforced by studies conducted previously like Ribes 

glaciale Wall exhibited a significant anti-inflammatory and analgesic activity owing to the 

presence of high amount of phenolic and flavonoid contents (Sati et al., 2015) and 

proanthocyanidins (polyphenols) contained in blackcurrant leaves hindered the 

accumulation of circulatory leukocytes, associated with a drop in pro-inflammatory factors 

such as TNF-α, IL-1β, NO and CINC-1 (Tabart et al., 2012; Garbacki et al., 2005). Also, 

blackcurrant fruit modulates inflammatory response with a decrease of NFkB, TNF-α and 

IL-6 production (Lyall et al., 2009). In consonance, being the member of same genus, 

amelioration of arthritis by Ribes orientale through its anti-inflammatory, 

immunomodulatory and anti-oxidant activities might be owing to the aforementioned 

valuable polyphenolic and flavonoid constituents in this plant.  

Among the extra-articular manifestations of RA, the most common is anemia that ensues 

from decreased levels of erythropoietin, untimely erythrocyte destruction, diminished 

plasma iron and abnormal loading up of iron in reticuloendothelial system and synovial 

tissue, ultimately the bone marrow fails to counter anemia. All these events are instigated 

by IL-1 (Ekambaram et al., 2010; Alamgeer et al., 2017; Talwar et al., 2011). Ephedra 

gerardiana and Ribes orientale aqueous ethanolic extracts/fractions on the other hand 

considerably augmented Hb and RBC levels i.e., prevented the development of anemia that 

could be owing to downregulation of IL-1β levels by test samples, compared to arthritic 

control rats as detected in RT-PCR analysis in current study. Likewise, WBCs play an 
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imperative part in defense system. The upsurge in both platelet and WBC counts in FCA 

induced arthritis results from immune system stimulation against attacking pathogens 

(Ekambaram et al., 2010) and liberation of IL-1 and TNF-α (Alamgeer et al., 2017). 

However, decreased WBC and platelet count in rats treated with Ephedra gerardiana and 

Ribes orientale extracts/fractions might be due to reduction in IL-1 and TNF-α levels as 

observed in RT-PCR analysis in existing study. The test for ESR indirectly estimates 

inflammation in the body by measuring RBC’s settling rate. ESR is affected by an upturn 

in acute phase reactant proteins (for instance, fibrinogen elevation by IL-6) in plasma as a 

result of inflammation that forces erythrocytes to get closer and accumulate in a group, 

leading to faster settling (Talwar et al., 2011) and higher ESR value (Kyei et al., 2012; 

Littman et al., 1995). The noticeable reduction in ESR in animals treated with Ephedra 

gerardiana and Ribes orientale extracts and fractions may perhaps be owing to reduced 

mRNA expression of IL-6 (as detected in RT-PCR analysis in present study) that in turn 

decreased the production of fibrinogen and hence, ESR. Besides, rheumatoid factor (RF), 

which is an autoantibody found in RA, forms an immune complex with immunoglobulin G 

that contributes to RA progression by further triggering inflammatory reactions and 

attracting inflammatory intermediaries (Kim et al., 2016). A remarkable decline in serum 

RF levels of rats administered Ephedra gerardiana and Ribes orientale extracts and 

fractions divulge their protecting potential against RA. Further, raised serum CRP count 

has been reported in blood during all illnesses accompanying tissue devastation or 

inflammation, predominantly RA (Sindhu et al., 2012). Earlier studies have established that 

cytokines such as IL-6, IL-1 and TNF-α regulate the production of acute phase proteins 

(CRP) by the liver (Littman et al., 1995). The decrease in serum CRP levels in arthritic rats 

treated with Ephedra gerardiana and Ribes orientale might be due to notable suppression 

of mRNA expression of IL-1, IL-6 and TNF-α (as observed in RT-PCR analysis in present 

study) which, thus attenuated inflammation associated with arthritis. As well, valuation of 

serum levels of AST, ALP and ALT in arthritic condition proposes an efficient and easy 

technique to assess anti-arthritic potential of target therapy, as these cellular enzymes are 

subtle indices of cellular veracity and toxicity persuaded by pathological disorders (Kadam 

and Bodhankar, 2013; Narendhirakannan et al., 2007). The AST and ALT have been 

ascribed to execute an essential part in developing inflammatory mediators e.g., bradykinin 

(Kadam and Bodhankar, 2013). The activity of ALP in adjuvant induced arthritis is an 

estimate of lysosomal stability. An increase in ALP activity results in disturbance of 

lysosomal integrity (Chakraborty et al., 2010) and an increase in the transportation of 
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metabolites through cellular membrane (Vasantharaja et al., 2014) hence, resulting in 

progression of inflammation (Chakraborty et al., 2010). ALP is also deliberated as a 

manifestation of bone obliteration. In the current research, augmented levels of ALP in 

adjuvant injected control animals might be owing to greater loss of bone in the form of 

bone attrition (Babu et al., 2011). The significantly decreased serum ALP levels in arthritic 

animals treated with Ephedra gerardiana and Ribes orientale aqueous ethanolic extracts 

and fractions denotes improvement in lysosomal stability (also confirmed through in-vitro 

HRBC membrane stabilization assay) and reduction in bone damage as strengthened by 

radiographic outcomes of present study that revealed preventive action of both plants on 

bone erosion. Similarly, serum urea and creatinine levels are good indicators for renal 

function. Earlier, it has been described that levels of creatinine and urea increase with the 

reduction in kidney function (Chanda et al., 2015). This is evident from the outcomes of 

disease control rats that exhibited raised serum urea and creatinine levels. Nonetheless, rats 

treated with plants extracts and fractions exhibited decreased serum levels of 

urea/creatinine. Thus, the results of hematological and biochemical analysis avowed 

hemato-protective effect of Ephedra gerardiana and Ribes orientale that might be owing 

to the presence of phenolic and flavonoid constituents in study plants hence, suggesting 

potent anti-arthritic and immunomodulatory potential of Ephedra gerardiana and Ribes 

orientale.  

To validate apposite disease attenuation and to precisely valuate disease condition, 

radiographs are essential. The appraisal of paw or joint engorgement provides a sign of 

edematous alterations in that area, nevertheless, actual destruction occurs in ankle and 

tibiotarsal joint (Escandell et al., 2007). Bone damage in FCA injected arthritic animals 

bring about increase in bone resorption, along with decrease in bone configuration 

(Makinen et al., 2007). Besides, RA primarily targets synovium and joints are principal 

spot of inflammation that can be instinctively reflected by histopathological analyses 

(Zheng et al., 2014). The hallmarks of RA i.e., augmented permeation of provocative cells 

in synovium, synovial hyperplasia, bone attrition/resorption, joint damage and pannus 

formation are brought about by cytokines mainly TNF-α, IL-6, IL-1, PGE2 and NF-кB 

(Álvarez, 2009; Fattahi and Mirshafiey, 2012; Sudaroli and Chatterjee, 2007; Shabbir et 

al., 2014; Makrov, 2001). Thus, X-ray radiographs and histopathological observations of 

adjuvant injected control and treated paws indicate that treatment with Ephedra gerardiana 

and Ribes orientale extracts and fractions restricted bone erosion, pannus formation and 

inflammation, which conceivably be due to the reduction in mRNA expression levels of 
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pro-inflammatory cytokines (TNF-α, IL-6, IL-1, PGE2, COX-2 and NF-кB) by both plants 

extracts and fractions.  

The afore-mentioned findings of FCA induced arthritis study demonstrated that 

suppression of paw edema and arthritic scoring; prevention of body weight loss; 

reestablishment of altered hematological and biochemical profile; reduction in serum TNF-

α, PGE2 and mRNA expression levels of TNF-α, IL-6, IL-1, COX-2 and NF-кB; increase 

in mRNA expression levels of IL-4 and IL-10 and cartilage/bone destruction was found to 

be far pronounced by aqueous ethanolic extracts and fractions (most prominently aqueous 

fractions) of Ephedra gerardiana and Ribes orientale compared to standard drug 

piroxicam. This shows that Ephedra gerardiana and Ribes orientale could be better 

therapeutic option for rheumatoid arthritis and this might be owing to the presence of 

numerous phytoconstituents in these plants as aforementioned. The prominent efficacy of 

aqueous fractions of both plants shows that anti-arthritic constituents are concentrated in 

aqueous fractions. 

Oxidative injury is a crucial performer in numerous illnesses including rheumatoid arthritis. 

It ensues from free radicals that acquire strength via electron coupling with biological 

macromolecules for instance, lipids, proteins and DNA in healthy human cells and cause 

lipid peroxidation along with DNA and protein damage (Ghosh et al., 2013). Oxidative 

stress could generate DNA mutations, leading to enhanced reactive oxygen species (ROS) 

generation and eventually remodeling of immune system (Yoo et al., 2016). ROS are 

involved in the pathogenesis of numerous ailments including RA and have the potential to 

impair DNA, proteins and lipids in joint tissues (Mateen et al., 2016a). ROS are generally 

believed as pro-inflammatory agents because inflammatory diseases have been allied with 

chronically elevated ROS production i.e., oxidative stress. ROS production may contribute 

to breakdown of T cell tolerance, activation of fibroblast-like synoviocytes and generation 

of inflammatory cytokines and chemokines (Yoo et al., 2016). It has been reported that 

ROS production also disturb antigen processing or presentation on antigen presenting cell, 

ensuing in modified activation of T cell and successive immune reactions (Gelderman et 

al., 2007). The extracellular discharge of ROS causes structural modification and damage 

to matrix molecules (collagen and proteoglycans) hence, resulting in augmented 

inflammation and immune activation against neo-epitopes in the joints during arthritis 

(Gelderman et al., 2007). Excessive ROS production damage arthritic joint and instigates 

joint damage, tissue destruction and osteoclast activation (Yoo et al., 2016). Under normal 
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conditions, production of ROS is controlled by various anti-oxidant defense system existing 

in the body. An imbalance among oxidants and anti-oxidants owing to augmented chemical 

reaction or inadequate anti-oxidant defense system causes oxidative stress. These ROS may 

impair biological macromolecules if they are not scavenged appropriately (Mateen et al., 

2016a). The anti-oxidants protect living beings from impairment instigated by unrestrained 

ROS production and simultaneous protein destruction, lipid peroxidation and DNA strand 

breaking (Srinivasan et al., 2007). Literature survey shows that a great diversity of 

medicinal flora have been employed to treat the illnesses involving free radicals and ROS 

by acting as robust anti-oxidants (Badami et al., 2003) owing to the presence of ample anti-

radical components like terpenoids, phenolic acids, lignans, stilbenes, flavonoids, 

coumarins, alkaloids, tannins, quinones and many others (Aiyegoro and Okohm, 2010), 

which scavenge free radicals for instance, hydroperoxide, lipid peroxyl and accordingly 

impede the oxidation processes (Kumaraswamy and Satish, 2008). More so, phenolic 

constituents have been deliberated as potent chain splitting anti-oxidants owing to their 

redox nature that can quench singlet and triplet oxygen, adsorb/neutralize free radicals and 

disintegrate chelate metal ions and peroxides. The scavenging action of phenolics is based 

on its hydroxyl group (Padmanabhan and Jangle, 2012a). Instead, anti-oxidant nature of 

flavonoids is owing to numerous mechanisms, for instance, metal ions chelation (iron and 

copper), scavenging of free radical and ROS, inhibition of lipid peroxidation and inhibition 

of enzymes accountable for free radical formation (Hossain et al., 2016; Chirinos et al., 

2013; Kumawat et al., 2012). Accordingly, the anti-oxidant potentialities of aqueous 

ethanolic extracts and fractions of Ephedra gerardiana and Ribes orientale may 

conceivably be linked with their ability to scavenge ROS and free radicals along with the 

presence of tannins, flavonoids, alkaloids and polyphenols in aqueous fractions of both 

plants because these polyphenolics are eminent for their anti-radical and redox properties 

(Daniel and Dluya, 2016; Abotsi et al., 2012; Padmanabhan and Jangle, 2012a). Since, 

ROS and free radicals are prime mediators that sustain or incite inflammatory procedures, 

their deactivation by anti-oxidants and radical scavengers can mitigate inflammation so, 

anti-oxidant property of Ribes orientale and Ephedra gerardiana support their anti-arthritic 

effect.  

In modern era, there is a growing attention and concern in herbs and their preparations 

generally called as herbal medicaments (Amala Hazel et al., 2016). Safety of long term use 

of medicinal plants is becoming important and to elucidate such information, toxicological 

assessment is executed in investigational animal models to choose a non-toxic dose for 
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human consumption (Ismail et al., 2014). Thus, the exploration of toxicity profile was an 

important part of this project, designed to evaluate anti-arthritic potential of Ephedra 

gerardiana and Ribes orientale. The results of anti-arthritic activities have stated that 

aqueous fractions of Ephedra gerardiana and Ribes orientale were biologically more active 

than rest of the fractions so, aqueous fractions of both plants were subjected to toxicity 

studies. The results of acute toxicity study depict that no adverse effects were detected up 

to 5 g/kg dose of Ephedra gerardiana and Ribes orientale aqueous fractions, so median 

lethal dose (LD50) was found to be greater than 5g/kg for both plants. It has formerly been 

reported that substances which show LD50 greater than 5 g/kg via oral route can be 

deliberated as practically harmless (Atsamo et al., 2011). Consequently, it can be proposed 

that aqueous fractions of Ephedra gerardiana and Ribes orientale lack acute oral toxicity. 

Sub-acute and sub-chronic toxicity studies presented that treatment with aqueous fractions 

of Ephedra gerardiana and Ribes orientale did not produce any clinical signs of toxicity 

or death. Further, no statistically significant differences were noted in body weight of rats 

throughout the study period as compared to control rats. This investigation may designate 

that test substances did not disturb body weight. In addition, increase in organ weight has 

been described as an inflammation whereas, a decline in organ weight can be ascribed as 

cellular constriction (Ashafa et al., 2009). In the present investigation, no significant 

variation in kidney and heart weights was seen among control and treated animals. 

However, significant changes only in liver weights of rats given 600 and 900 mg/kg doses 

of Ephedra gerardiana aqueous fraction and 300, 600 and 900 mg/kg doses of Ribes 

orientale aqueous fraction were found, compared to control rats. This proposes no apparent 

toxic outcome from Ephedra gerardiana and Ribes orientale aqueous fractions on kidney, 

heart and liver, except high doses on liver. Serum biochemical tests are commonly utilized 

to analyze the illnesses of liver, heart and kidney (Chanda et al., 2015). Hepatic 

transaminases, AST and ALT indicate liver function (El Hilaly et al., 2004) and drugs 

showing any toxicity in liver affect the transaminases. The increase in AST and ALT cause 

hepatic inflammation, leakage of cells and impairment of cell membrane (Kifayatullah et 

al., 2015). AST is present in greater concentrations in liver, heart, kidney and pancreas and 

is discharged gradually compared to ALT. The extremely sensitive marker of 

hepatocellular injury is ALT, as it is confined predominantly in cytosol of hepatocytes 

(Chanda et al., 2015). Contrariwise, action of ALP is linked with liver cell functioning and 

an upsurge in its activity might result from its added synthesis or biliary tract blockade 

inside the liver (Manjunatha et al., 2005). The changes in the levels of both AST and ALT 
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remained non-significant at all the tested doses of Ephedra gerardiana and Ribes orientale 

aqueous fractions. This intensely propose that sub-acute and sub-chronic doses of both 

plants did not modify hepatocytes. Additionally, sub-acute doses of aqueous fractions of 

both Ephedra gerardiana and Ribes orientale caused significant decrease in ALP, however, 

sub-chronic doses of both plants did not significantly alter ALP levels. These observations 

indicate that aqueous fractions of Ephedra gerardiana and Ribes orientale don’t possess 

significant hepatotoxic potential. This proposition was reinforced by histopathologic 

examination of liver that revealed no changes in liver structure of rats treated with Ephedra 

gerardiana and Ribes orientale aqueous fractions at all the doses tested. Similarly, the 

diagnosis and treatment of various hepatic, renal and metabolic disorders can also be done 

by measuring total protein content because augmentation in serum protein level indicate 

tissue damage (Atsamo et al., 2011) while, reduction in total protein indicate poor nutrition 

or malabsorption (Agbaje et al., 2009). More so, serum proteins for instance, albumin 

measures functioning capability of liver (Ashafa et al., 2012). An increase in albumin level 

may be associated with abnormal liver function or dehydration state (Ismail et al., 2014), 

while decrease has been ascribed to numeral causes, like colossal hepatic necrosis, decline 

in hepatic function, hepatic resistance to insulin and glycogen impairment of oxidative 

phosphorylation (Chanda et al., 2015). In both sub-acute and sub-chronic studies, non-

significant changes were observed in total protein levels in the serum of rats treated with 

Ephedra gerardiana aqueous fraction. Whereas, significant decrease in total protein 

content was noted in serum of rats treated for 14 days with 600 and 900 mg/kg of Ribes 

orientale aqueous fraction. Besides, albumin levels significantly increased at sub-acute 

doses of Ephedra gerardiana aqueous fraction, while non-significant results were obtained 

with sub-acute doses of Ribes orientale aqueous fraction. The findings thus, indicate that 

there were only some injurious effects on liver functioning at high doses but no potential 

harmful effects on liver function with both plants, because it has been discussed by 

Ramaiah (2007) that abnormality in AST and ALT levels is more specific for liver cell 

injury, which were not significantly changed in current study. More so, blood chemistry 

findings substantiate histologic statement of liver, which indicated no hepatocellular injury 

at all the tested doses of both plants. Likewise, renal functions were estimated by measuring 

serum creatinine and urea as, they are eliminated by kidneys and are good indicators for 

renal function (Chanda et al., 2015). These two factors noticeably escalate 4 or 5 times in 

renal toxicity than normal values (Arsad et al., 2013). In the existing toxicity tests, all the 

rats treated with low and high doses of Ephedra gerardiana and Ribes orientale aqueous 
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fractions, presented non-significant changes in creatinine and urea levels compared to 

vehicle control rats. This signifies no renal impairment precisely by renal filtration system 

or perhaps designates that aqueous fractions of Ephedra gerardiana and Ribes orientale 

did not hamper renal ability to expel these metabolites at all the doses employed (Crook, 

2006). These findings can be correlated with histopathological findings of kidney in which 

glomeruli and renal tubules exhibited normal structural features, suggesting preserved renal 

integrity of all treated animals. In addition, the detection of cardiac injury could be afforded 

by measuring serum levels of known cardiac marker enzymes such as CK, AST and LDH. 

CK is mostly predominant in skeletal and cardiac muscles and provide energy for 

contraction of skeletal and cardiac muscles. An elevated CK level indicates myocardial 

infarction, ischemia and other cardiovascular diseases (Nwose, 2013). Besides, LDH levels 

provide rough approximation of myocardial tissue injury (Komolafe et al., 2013). The 

present findings suggest that cardiac function remained non-significantly altered in rats 

treated with high and low doses of aqueous fractions of Ephedra gerardiana and Ribes 

orientale. These findings were in turn supported by histopathological study of sections from 

hearts of treated animals, which displayed regular structure and arrangement of cardiac and 

longitudinal muscle, together with normal cardiomyocytes. Similarly, fluctuations in major 

lipids in particular, triacylglycerol and cholesterol could offer valuable evidence on 

susceptibility of heart to atherosclerosis and its accompanying coronary heart diseases 

(Ashafa et al., 2012). The non-significant changes in total cholesterol and triglyceride levels 

observed in rats treated with Ephedra gerardiana and Ribes orientale aqueous fractions at 

both sub-acute and sub-chronic doses may be attributed to the presence of hypolipidemic 

agents in both plants (Patrick-Iwuanyanwu et al., 2012). At high doses of Ephedra 

gerardiana aqueous fraction, a decrease in glucose level was recorded indicating a 

hypoglycemic effect of plant, however, an increase in glucose concentration was noted with 

high doses of Ribes orientale aqueous fraction. However, no considerable changes in 

glucose levels were noticed in sub-chronic toxicity study, which propose that both Ephedra 

gerardiana and Ribes orientale aqueous fractions at low doses do not effect carbohydrate 

breakdown in rats.  

The hemopoietic system that is an imperative index of pathological and physiological 

importance in animals and humans, is one of the best targets for toxic substances. The blood 

profile generally contributes essential data on reaction of body to stress or injury. Also, 

fluctuations in hematologic system have a greater prognostic importance for human toxicity 

when results are inferred from animal studies (Arsad et al., 2013). RBC, Hb and HCT are 
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allied with red blood cells whole population whereas, MCH, MCV and MCHC are related 

with specific red blood cells. If these parameters are not affected, it directs that both single 

and entire red blood cells population was not altered (Ashafa et al., 2012). These blood 

indices have a particular importance in anaemia diagnosis, as anemia results from lysis of 

blood cells (Agbaje et al., 2009). In the present investigation, there were non-significant 

variations in hematological parameters like RBC, Hb, HCT, MCV, MCH and MCHC in 

rats treated with Ephedra gerardiana and Ribes orientale aqueous fraction, when compared 

with vehicle control rats in both sub-acute and sub-chronic toxicity studies. The results thus 

present that there was no lysis of blood cells and the population of RBC remained 

unaffected, suggesting that no anemia was observed after sub-acute and sub-chronic 

treatment with aqueous fractions of Ephedra gerardiana and Ribes orientale. On contrary 

to that, 14 days sub-acute toxicity study exhibited significant decrease in TLC, neutrophils 

and platelets in rats treated with 300, 600 and 900 mg/kg doses of Ephedra gerardiana 

aqueous fraction. The reduction in WBC (leukopenia) could possibly be owing to decreased 

production of hematopoietic regulatory components in bone marrow by macrophages and 

stroma cells. The reduction in platelet count (thrombocytopenia) may be attributed to 

depression of thrombopoiesis (Chanda et al., 2015) and decreased platelet aggregation and 

platelet count by Ephedra gerardiana aqueous fraction (Okon et al., 2011). The 

aggregation of platelets play a vital role in pathophysiology of thrombotic ailments. 

Besides, platelet activity may play a pivotal part in the progression and stability of 

atherosclerotic plaques. As a consequence, anti-platelet drugs have been used clinically in 

patients suffering from myocardial ischemia, acute myocardial infarction and unstable 

angina. This shows that Ephedra gerardiana aqueous fraction might be valuable in the 

management of cardiovascular diseases at high doses (Adebiyi and Abatan, 2013). The 

observed reductions in only WBCs, neutrophils and platelets counts at sub-acute doses 

among all hematological parameters could imply selective systemic toxicity and may 

suggest a decline in function of immune system at high doses of Ephedra gerardiana 

aqueous fraction. Therefore, these results suggest that Ephedra gerardiana aqueous 

fraction at high doses may predispose to infections, as it has a tendency to cause 

immunological defects in rats at high dose levels (Bello et al., 2016). Besides, lymphocytes, 

monocytes and eosinophils were found to be normal in all rats from subacute toxicity 

studies with Ephedra gerardiana aqueous fraction. Apart from that, considerable reduction 

in lymphocyte and increase in neutrophil count was noted in rats treated with 900 mg/kg 

dose of Ribes orientale aqueous fraction. The decreased lymphocyte and increased 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Abatan%20MO%5BAuthor%5D&cauthor=true&cauthor_uid=24678252
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neutrophil count suggests some anti-lymphocytic and anti-tumor activity of Ribes orientale 

aqueous fraction at high dose (Chanda et al., 2015). Besides, TLC, platelets, monocytes 

and eosinophil counts were found to be normal in all rats from sub-acute toxicity studies 

with Ribes orientale aqueous fraction. Nevertheless, 30 days treatment with sub-chronic 

doses of aqueous fractions of Ephedra gerardiana and Ribes orientale showed no 

significant changes in hematological profile of all treated rats with respect to vehicle control 

rats. Moreover, cytotoxicity assay can be employed as a screening test for acute toxicity in 

animals and humans (Rasmussen et al., 2011). The in-vitro viability of human intestinal 

epithelial cell line (Caco-2) after 3 h and 24 h exposure to aqueous fractions of Ephedra 

gerardiana and Ribes orientale was determined from the cells ability to metabolize 

resazurin dye, which is used as an indicator of cell viability in various types of proliferation 

and cytotoxicity assays (Borra et al., 2009). Principle of resazurin assay is that viable cells 

decrease resazurin into resorufin and changes dye color from blue (non-fluorescent) to pink 

(high-fluorescent) hence, determining general cytotoxicity (O'Brien et al., 2000).  The 

results of existing study showed that aqueous fractions of both plants did not show 

significant toxicity and enhanced the chance of viability on Caco-2 cells for the 

concentration tested (0.5%) after 3 h and 24 h of incubation.  

Hence, the toxicity studies validate Ephedra gerardiana and Ribes orientale to be 

reasonably safe of toxicity because they neither resulted in lethality nor brought about any 

notable hematological, biochemical and structural side effects in rodents especially at low 

doses i.e., 50, 100 and 200 mg/kg body weight given orally for 30 days. Thus, these results 

further strengthen the fact that both Ephedra gerardiana and Ribes orientale are safe to be 

used as anti-arthritic at 50, 100 and 200 mg/kg doses as, observed changes in sub-chronic 

toxicity study were not significant to preclude their use. Nonetheless, Ephedra gerardiana 

should be used with caution at high doses, as it may disrupt certain hematological and 

hepatic function and cause hypoglycemia in long run. Also, Ribes orientale should be used 

with caution at high doses, as it may result in hepatic anomalies and hyperglycemia in long 

term use. Additionally, both plants can be considered as relatively safe for in-vivo 

applications, as they exhibited lowest cytotoxic effect and enhanced Caco-2 cells viability. 

Conclusion 

In view of aforementioned findings, Ephedra gerardiana and Ribes orientale revealed 

significant and concentration reliant anti-arthritic effect by deterring thermally induced 

protein denaturation hence, averting the production of autoantigens accountable for 
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instigating autoimmunity. They also exhibited noteworthy HRBC membrane stabilizing 

effect projected towards preserving lysosomal membrane integrity thus, deterring the 

discharge of hydrolytic and proteolytic enzymes responsible for tissue impairment in RA. 

As well, both plants ominously prevented paw edema/inflammation in formaldehyde 

induced arthritis. Moreover, anti-arthritic efficacy in FCA induced arthritis may be 

suggested owing to preventing the increase in paw edema, secondary lesions, body weight 

loss, cartilage impairment and bone erosion perhaps by downregulating mRNA expression 

levels of TNF-α, IL-1β, IL-6 and NFkB and up-regulating those of IL-4 and IL-10. Further, 

both plants decreased inflammatory enzymes (COX-2 and PGE2). Besides 

extracts/fractions of both plants exerted substantial anti-oxidant effect. Thus, anti-arthritic 

effect of Ephedra gerardiana and Ribes orientale might be due to their anti-inflammatory, 

immunomodulatory and anti-oxidant potential. Aqueous fractions of Ephedra gerardiana 

and Ribes orientale have been found to be non-lethal and non-toxic with no signs of 

systemic toxicity. A few hematological and biochemical parameters were altered at sub-

acute doses whereas, subchronic doses were found to be safe. Also, aqueous fractions 

enhanced Caco-2 cells viability. Preliminary phytochemistry of aqueous fractions of both 

plants revealed the presence of flavonoids, phenols, tannins, saponins, alkaloids and 

glycosides. The phenolic constituents in Ephedra gerardiana aqueous fraction included 

quercetin, gallic, vanillic, benzoic, chlorogenic and M-coumaric acids while, Ribes 

orientale aqueous fraction comprised quercetin plus p-coumaric, M-coumaric and cinnamic 

acids. Hence, the beneficial effects of Ephedra gerardiana on RA could possibly be 

correlated with the presence of alkaloids (ephedrine, pseudoephedrine) detected previously 

in Ephedra gerardiana and phenolics and flavonoids identified in the current study. 

Moreover, polyphenols detected in Ribes orientale might be involved in alleviating 

arthritis. However, further studies would be needed to identify and isolate active 

principle(s) in these plants and to confirm their exact mechanism(s) of action. Thus, current 

investigation proposes Ephedra gerardiana and Ribes orientale a potent therapeutic 

strategy for treatment or prevention of rheumatoid arthritis. 
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