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3. Abstract 

 
Rheumatoid arthritis (RA) is a systemic inflammatory disorder characterized 

by chronic joint inflammation and continuous cell infiltration in to the synovium 

which results in bone destruction. Joint destruction resulted from the tight 

interaction between fibroblast-like synoviocytes (FLS), cells of the innate (e.g. 

macrophages, dendritic cells, mast cells and NK cells, neutrophils) and adaptive 

immune system (e.g. B and T lymphocytes), involvement of   soluble mediators, 

autoantibodies, adhesion molecules and signal transduction pathways all played a 

significant role in RA pathogenesis. Depending on the stages of RA, NSAIDS (Non 

Steroid Anti-inflammatory Drugs) and DMARDS (Disease Modifying 

Antirheumatic Drugs) are most commonly used synthetic medicines whose 

prolonged use lead to gastrointestinal and cardiovascular issues. So the work 

focussed on Ayurveda our traditional system of medicine that is gaining more 

importance worldwide nowadays. Eventhough less toxicity and more effectiveness 

are the benchmarks of Ayurveda it lacks scientific evidences. Classical polyherbal 

formulations Balaguluchiadi (BgK), Punarnavadi(PuK) and Guggulutiktam(GuK) 

kashayams had been used since earlier period as antiarthritic medicine and the study 

was carried out with an objective to give scientific validation for these three 

kashayams.  For this antinflammatory, antioxidant, antiarthritic and immunomodulatory 

potentials of these kashayams were studied along with the signal transduction pathways that 

gets activated. The wistar rats were grouped into group I - Normal, group II- Collagen 

induced arthritis (CIA), group III- CIA+BgK, group IV– CIA + PuK, group V- 

CIA+GuK, group VI - CIA+ Indomethacin (3mg/kg bwt). Treatment with kashayam 

(2ml/kg b wt) started after 14 days of primary immunization with type II collagen 

and continued for a period of 45 days. Arthritis index, C-reactive protein (CRP), 

rheumatoid factor(RF) and myeloperoxidase (MPO) in serum and protein level of 

TLR-4, myeloid differentiation factor 88(MYD 88), NF-κB, TNF-α, IL-1β, 

inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2) and 

prostaglandin E-2 (PGE-2) were significantly elevated in CIA rats. Furthermore, 

treatment with kashayams downregulated all these inflammatory mediators hitherto 

TLR-4-NF-kB signal transduction pathway while IL-10, IL-4 the anti-inflammatory 
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cytokines were upregulated. The antioxidant potential of BgK, PuK and GuK was 

inferred from the stimulation of defense enzymes SOD, CAT, GPx thereby keeping 

oxidant/ antioxidant balance. Kashayams significantly acted on activated naïve B 

cells and T cells in CIA rats thus inhibiting further activation, differentiation, and 

proliferation of these cells. Transcription level control of Th1, Th2, Th17, Treg were 

possible with BgK, PuK and GuK similar to positive control IND treated rats. Thus 

immunomodulatory role of kashayams were evidenced by balancing Th1/Th2 cells 

reflected from Tbet/ GATA3 transcription factor and Th17/Treg cells reflected from 

RORγ/FOXP3 transcription factors. Co-stimulatory signalling also got modulated by 

the intervention of kashayams. Since BgK, PuK and GUK were polyherbals, the 

effect was due to the multiple synergistic actions of active principles present in it. 

Protective long term use of kashayams were observed from normal histology of 

liver, kidney and stomach of treated CIA rats with respect to toxic histopathological 

signs in untreated CIA rats and IND treated rats. Thus kashayams showed its 

effective therapeutic potential in treating RA without causing any side effects by 

interacting with various signal transduction pathways involved in RA pathogenesis 

and thus giving scientific validation for these kashayams. 
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4. Introduction and Review of literature 
 

4.1. Rheumatoid arthritis (RA)  

Rheumatoid arthritis is a chronic, systemic, inflammatory disease of 

unknown etiology that affects connective tissue. RA ( Martin J. Spiering et al, 2015)  

is characterized by disordered innate immunity that includes immune complexes 

mediated complement activation, adaptive immune response against self-antigens, 

disorganized cytokines, osteoclast chondrocytes activation, imprinting of stromal 

cells that in turn develop semi-autonomous features that support disease progression. 

Joint destruction is the result of a tight interaction between fibroblast-like 

synoviocytes (FLS) and cells of the innate (e.g. macrophages, dendritic cells, mast 

cells and NK cells, neutrophils) and adaptive immune system (e.g. B and T 

lymphocytes). Soluble mediators, autoantibodies, adhesion molecules and signal 

transduction pathways are all involved at different stages of the diseases. This 

autoimmune disorder affects approximately 1% of the population worldwide and 

0.95% adults in India (Gupta M et al, 2018) making it the most common form of 

inflammatory arthritis. Rheumatoid arthritis typically has onset that occurs between 

35-50 years of age in 80% of patients and instantly recognizable to clinicians in the 

variability of its clinical presentation, is multi-layered, confounding a unified 

description of pathogenesis (Ridgley et al, 2018). 

4.1.1. Pathogenesis of RA. 

The effects of environmental factors in genetically predisposed individuals 

are now of great significance in the pathogenesis and development of RA (Bellucci 

E et al, 2016) (Picerno V et al, 2015). Synovial fibroblasts cells mimicked an 

essential role in the maintenance of joint inflammation and in the destruction of 

cartilage by the release of proinflammatory factors through leukocytes and platelet 

derived extracellular vesicles. B cell activating factor is released by the vesicles 

which indirectly promoted adaptive immunity by the B cells (Marcel Batten et al,  

2000). These vesicles also contain multiple enzymes for cartilage degradation 

including aggrecanase (Lo Cicero et al, 2011), matrixmetallo proteinases (Shimoda 

and Khokha, 2013)), hexosaminidase D (Mária Pásztói et al, 2013). 
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  Anticitrullinated protein antibodies are used clinically as diagnostic factor 

for the prediction of RA incidence. Local ACPA formation may be necessary but not 

sufficient to develop a systemic state of the disease (Demoruelle MK et al, 2017). 

ACPA is produced against a group of citrullinated protein in the body like vimentin, 

type II collagen, fibrin, Epstein barr nuclear antigen etc based on environmental and 

genetic factors.  Protein tyrosine phosphatase non receptor type 22 (PTPN22) which 

is a potent inhibitor of T cell activation and B cell proliferation in -turn affects 

ACPA production (Nabi, G. et al, 2016) (Goh, L. L. et al, 2017).  This neoantigen 

provoke MHC class II dependent T cells that in turn would help B cells produce 

more ACPA that can induce pain, bone loss, and inflammation in RA. Joints are the 

main targeting site of RA in which the symptoms involved inflammation in the 

region of synovial membrane. Synovial compartment is infiltrated with leukocytes 

while the synovial fluid is overwhelmed with proinflammatory mediators. It is 

characterized by the reaction with FLS and cells of innate immunity macrophages, 

monocytes, mast cells and the adaptive immunity pathway by cell and T cell 

activation. In addition to playing a lead role in the pathophysiology of synovial 

inflammation, monocytes/macrophages are at the origin of pathological bone erosion 

in RA through the production of degradative enzymes, cytokines and chemokines 

(HU L et al, 2017). Macrophages and monocytes predominantly moves into the site 

of synovium and these cells have α enolase on their surfaces that promote the release 

of proinflammatory mediators (Douglas R et al, 2018).               

Distinguishable role was also played by TNFα and NFκB factors in the 

process of inflammation in RA (Ting Liu et al, 2017). After the triggering stage, 

cells of the immune system generate autoantibodies and cytokines, creating a 

cascade of inflammation resulting in the formation of pannus which invades and 

destroys cartilage and bone. Joint damage and systemic complications arise resulting 

from a complex process of inflammatory mediators being released in the affected 

joint. Hazardous alterations occur in the synovium due to the occupancy of all the 

pro inflammatory mediators thereby executing a cascade of events in the evading 

region which seems to be uncontrollable in RA. 
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Pathogenesis of RA 

 

The pathophysiological changes observed in synovium, cartilage, bone and joints are 

as follows: - 

 Hyperplastic Synovium 

Hyperplastic synovium resulted from the proliferation of FLS and is caused 

by the action of matrix metalloproteinase (MMP), tissue inhibitors of 

metalloproteinase. FLS release CD13 which is upregulated by pro-inflammatory 

cytokines such as TNF-α, IFN-γ, and IL-17 a soluble molecule and an EV surface 

component in synovial fluid of RA (Morgan et al, 2016). Moreover, CD13 cleaved 

from the FLS surface by MMP-14 induces growth and migration of FLSs. CD13 

also attracts T cells into the joints and further aggravates joint inflammation 

(Morgan et al, 2015). Another pathological feature in RA synovitis is angiogenesis 

or vascular proliferation that promotes the rapid growth of synovium (Rautou et al, 

2011).  

Cartilage damage 

Synovial joints consist of a major portion called cartilage comprising 

chondrocytes and extracellular matrix created by chondrocytes with type II collagen 

and glycosaminoglycan. MMP1 is released from FLS acts as the proteinase that 
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degrades the assembled network of type II collagen  ( TCA Tolboom et al, 2001). 

The pro inflammatory cytokines like IL-17A, IL-1 and reactive nitrogen 

intermediates consequently acts here to promote the apoptosis of chondrocyte 

component of cartilage thus enhancing cartilage damage. This results in cartilage 

degradation demonstrable as joint-space narrowing on radiography. There is 

probably an additional mechanism in RA where cartilage autoantigens activated by 

joint/cartilage damage cause chronic synovitis (Monika Ostrowska et al, 2018). 

Bone erosion 

Bone erosion is the pathological hallmark of RA in which control over 

osteoblastogenesis has been lost. Initiating factor acting in this context are 

proinflammatory cytokines like TNFα, IL-1, IL-17 and receptor activator of nuclear 

factor κ B ligand (RANKL) infiltrated into this environment (Ting Liu et al, 2017). 

This activated the influx and differentiation of monocytes into osteoclasts in the case 

of chronic inflammation and thus causing localized, periarticular, systemic bone 

loss. The homeostasis of joints was maintained by the subchondral bones whose 

destruction indicates articular bone damage. TGFβ spotted in this region has a role 

in bone destruction as a proinflammatory cytokine. Moreover, macrophages in the 

RA synovium also secrete TGF-β, IL-21, and IL-23 to differentiate CD4+ T cells 

into Th17 cells, which are typically referred to as osteoclastogenic T cells (Seung 

Min Jung et al, 2014) 

4.1.2. Extraarticular manifestations 

Rheumatoid nodules in RF positive patients are the most frequent skin 

manifestations in RA (Turesson C et al, 2004), (Watts RA et al, 2004), (Bongartz T 

et al, 2007), (Genta MS et al, 2006). Histologically focal central fibroid necrosis, 

splinter haemorrhages, periungual infarcts, leg ulcers, digital gangrene and sharply 

demarcated painful ulcerations were observed as a result of small vessel vasculitis 

(Cronstein BN, 2007). Oral dryness and salivary gland swelling can also be found 

in patients with RA. Pleural disease is common but usually asymptomatic; pleural 

effusions are usually exudates with mixed cell counts and high protein 

concentration (Kim EJ et al, 2009). Arterial stiffness, decreased dispensability of 

the abdominal aorta in females are the leading causes of cardiovascular comorbidity 
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in patients with RA (Van Doornum S et al, 2002), (Turesson C et al, 2007). 

Anaemia caused by multifactorial-disease activity, drug-induced, nutritional, 

gastrointestinal bleed, bone marrow suppression, and ineffective erythropoiesis is a 

most common extra-articular symptoms of RA. Thrombocytosis an indicator of 

number of active inflamed joints is a frequent finding in active RA (Ustun C et al, 

2002).  

4.1.3. Adaptive immunity in RA 

The innate immune system directs the subsequent development of adaptive 

immune responses dendritic cells contribute to increase local infiltration of 

leukocytes and help initiation of disease by producing cytokines and presenting 

autoantigens to autoreactive T cells (Mc Garry T et al, 2017), (S. Rantapaa-

Dahlqvist et al, 2003). These cell clusters have a characteristic arrangement of T, B 

and plasma cells and proliferating B cells are found only centrally in a network of 

follicular dendritic cells.  Based on the specificity and affinity of their individual B 

cell receptors, immature B cell clones are either negatively or positively selected 

(George J et al, 1992). This process is strongly dependent on high concentrations of 

the cytokine BAFF, which is expressed in splenic follicles. Mature B cells 

recirculate through the blood and accumulate in the follicles of secondary lymphoid 

tissues (Perez-Andres M et al, 2010). After stimulation with their cognate (self-) 

antigen, mature B cells eventually may form short-lived plasma cells, memory B 

cells, or long-lived plasma cells (Ribatti D, 2017). The pattern of somatic mutations 

suggests that both naive and memory B cells become activated in the synovial tissue. 

The central B-cell tolerance checkpoint is controlled by B-cell growth factors that 

regulate B-cell receptor (BCR) and toll-like receptor (TLR) signaling (Browne et al, 

2012)]. In the peripheral B-cell tolerance, it involves extrinsic B-cell factors such as 

regulatory T-cells (Treg) and serum B-cell activating factor (BAFF). In RA patients, 

both checkpoints are usually defective, leading to the large production autoreactive 

mature naïve B-cells. As shown in a previous study, untreated RA patients shows a 

3.4-fold increase in autoreactive B-cells in the peripheral blood compared to non-RA 

patients (Hooi-Yeen Yap et al, 2018).  In addition, various B lineage cells, including 

those within addition, various B lineage cells, including those with a CD138+ 

plasmablast/plasma cell phenotype, have been shown to express a variety of pro-
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inflammatory cytokines that can stimulate innate effector cells and significantly 

contribute to inflammation and immune protection in murine models (Bermejo DA 

et al, 2013), (Lino AC et al, 2016).                                          

The activation of TLR4, which provides a critical link between the innate 

and adaptive immune systems, has been implicated in regulating the function of 

Tregs (Chao Caoa et al, 2018). Role of CD4+ T cells in progression of rheumatoid 

arthritis has been frequently proposed as the key mechanism (Namekawa, T et 

al,1998), (Cope, A. P et al,2007). CD4 T cells are divided into distinct subsets 

according to their cytokine profile. They differentiate from naive T cells, and their 

cytokine expression profile depends on the types of antigen presenting cells (APCs), 

the type of the initial innate immune response, the adjuvant property of the 

molecules presented with the antigen and the existence and dose of many small 

molecules and other cytokines in the microenvironment. CD4 naive T cells can 

differentiate into TH1, TH2, TH9, TH17, TH22, and follicular effector T cells, as 

well as different subsets of regulatory T (Treg) cells. In addition to cell-to-cell 

interaction, current evidences also suggest that CD4+ T-helper (Th) cells mainly 

contribute to the pathogenesis of RA through the secretion of cytokines and 

chemokines (Meednu et al, 2016). TH1 cells produce IFN-γ which protects against 

intracellular pathogens and plays a role in activation and chemokine production of 

resident tissue cells and activation-induced cell death of T cells. Treg cell subsets 

have distinct phenotypes and include constitutive and inducible subsets of CD4+ 

CD25+fork head box P3 (FOXP3), Treg cells and type 1 Treg cells. CD8+ T cells as 

critical modulators of the disease and LPS engagement of the functional TLR4 

expressed on their surface activate these lymphocytes thereby contributing directly 

to the maintenance of chronic inflammatory processes in RA (Archana Tripathy et 

al, 2018). In relation to local tissue homeostasis, tissue-resident memory T cells 

initiate a rapid and highly effective immune response against previously contacted 

pathogens. (C.O. Park & T.S. Kupper, 2015).  

4.1.4. Lipid mediators in RA 

Cyclooxygenase-1 (COX-1) is expressed in most tissues, but variably. It is 

described as a "housekeeping" enzyme, regulating normal cellular processes (such as 
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gastric cytoprotection, vascular homeostasis, platelet aggregation, and kidney 

function), and it is stimulated by hormones or growth factors. COX-1 is 

constitutively expressed in resident inflammatory cells and there is evidence for 

induction of COX-1 during LPS-mediated inflammatory response and cellular 

differentiation (Miriam Font-Nieves et al, 2012). Both COX isoforms are co-

expressed in circulating inflammatory cells ex vivo and in both inflamed rheumatoid 

arthritis (RA) synovium and in atherosclerotic plaques obtained from patients. Viji 

et al (Viji et al, 2010) demonstrated the effect of Bacopa monniera extract in 

inhibiting cyclooxygenase activities in arthritic rats.  In a collagen- induced arthritis 

(CIA) model, COX-2- deletion suppresses considerably synovial inflammation and 

joint destruction, whereas arthritis in COX- 1–deficient mice is indistinguishable 

from controls.  

Prostaglandins are small potent inflammatory mediators that are generated 

by the release of arachidonic acid (AA) from the membrane phospholipids by the 

phospholipase A2 family. Subsequently, cyclooxygenase and prostaglandin synthase 

enzymes metabolize AA to prostaglandins including PGE2, PGF2α, PGD2, PGI2 

(prostacyclin), and TXA2 (thromboxane), activating the inflammatory and immune 

responses (T. Shimizu et al, 2002). PGE2 is the major PG that is generated by 

chondrocytes and synovial fibroblasts; the biosynthesis can be enhanced by 

proinflammatory cytokines such as IL-1β, TNF-α, and trauma (J Martel-Pelletier et 

al, 2003). PGE2 through EP4 receptor shows a potent antianabolic effect on human 

adult articular cartilage in vitro via the suppression of proteoglycan biosynthesis 

(Mohammad Javad Fattahi et al, 2012).  

The membrane lipids arachidonic acids and linoleic acid undergoes 

peroxidation in the presence of molecular oxygen and the process is catalysed by 

Lipoxygenases (LOXs) which are a ubiquitous family of nonheme iron enzymes 

(Borowski & Broclawik, 2003; Ivanov et al., 2010) (Neau et al., 2009) (Rosalina 

Wisastra et al, 2014)). 15-LOX can be found in macrophages and other immune 

cells as well as epithelial cells. It is known that LTs exert their effects through 

extracellular G-protein-coupled receptors. (Yokomizo T et al, 1997) and lymph 

nodes (Spanbroek R, 2000). Biosynthesis of leukotrienes is regulated by the activity 

of 5-lipoxygenase. 5-lipoxygenase catalyzes the oxidation of arachidonic acid to 5-
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HPETE, which is subsequently converted into Leukotriene A4 (LTA4). LTA4, 

which is a LT precursor, is hydrolyzed by LTA4 hydrolase to form dihydroxy acid 

leukotriene LTB4. LTB4 is involved in the NF-κB pathway by stimulating the 

phosphorylation of IκBα, which results in activation of the NF-κB pathway thus 

acting as proinflammatory mediators. As for LOX pathway, LTB4 is also a key 

inflammatory factor in RA (Abdullah Al- Nahain et al, 2014) and enhancement in its 

synthesis by neutrophil (Dubois RN et al, 1998) have been reported. 

4.1.5. Oxidative stress and antioxidants defense in RA 

              Oxygen metabolism has an important role in the pathogenesis of 

rheumatoid arthritis. Reactive oxygen species (ROS) produced in the course of 

cellular oxidative phosphorylation, and by activated phagocytic cells during 

oxidative bursts, exceed the physiological buffering capacity and result in oxidative 

stress. Processes, like protein phosphorylation, activation of several transcriptional 

factors, apoptosis, immunity, and differentiation, are all dependent on a proper ROS 

production and presence inside cells that need to be kept at a low level (Gabriele 

Pizzino et al, 2017). The excessive production of ROS can damage protein, lipids, 

nucleic acids, and matrix components. They also serve as important intracellular 

signaling molecules that amplify the synovial inflammatory–proliferative response 

in RA. Repetitive cycles of hypoxia and reoxygenation associated with changes in 

synovial perfusion are postulated to activate hypoxia-inducible factor-1 and nuclear 

factor-κ B, two key transcription factors that are regulated by changes in cellular 

oxygenation and cytokine stimulation, and that in turn orchestrate the expression of 

a spectrum of genes critical to the persistence of synovitis (Quiñonez-Flores, 2016).  

 ROS include species, such as the hydroxyl radical which is highly reactive 

as it reacts very close to its site of formation, and other species, such as superoxide 

and hydrogen peroxide (H2O2) are less reactive (Bala A et al, 2013). ROS 

participate in biological activities like growth, apoptosis, and signalling pathways 

while, at the system level, they attribute to blood pressure regulation, cognitive 

function, and immune function. RA patients showed a marked increase in ROS 

formation, lipid peroxidation, protein oxidation, DNA damage and decrease in the 

activity of antioxidant defense system leading to oxidative stress which may 
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contribute to tissue damage and hence to the chronicity of the disease (Mateen S et 

al, 2016). ROS generation was proposed to regulate the expression of inflammatory 

cytokines and chemokines and to affect tissue damage in RA (Shah D, 2011). 

Excessive production of ROS may be critical for joint destruction and osteoclast 

activation (Henrotin YE et al, 2003). ROS generation derived from the hypoxia-

activated NOX 2 is an initiating factor in angiogenesis for joint inflammation. 

Elevated ROS generation at the site of chronic inflammation causes somatic 

mutations. Increases in DNA-dependent protein kinases and deficiencies in ataxia 

telangiectasia mutated (ATM) and p53 in RA T cells have been shown to impair 

these repair pathways and lead to markedly increased DNA damage and apoptosis in 

naïve CD4+ T cells (Shao L et al, 2009). Dysfunctional T cells in patients with RA 

display the characteristics of inflammation-activated cells and sustain chronic 

inflammatory immune responses in the synovium (Ponchel F et al, 2002). 

Observations indicate importance of ROS-based signal transduction in shaping T 

cell differentiation in RA. Neo-epitopes can be generated by oxidative modification 

of proteins and be involved in autoimmune responses (Su-Jin Yoo, 2016). 

Evidences also showed the activation of inducible nitric oxide synthase 

(iNOS)activity enhanced endothelial dysfunction in inflammation mediated CIA 

model (Mäki-Petäjä KM et al, 2008). The high levels of NO produced by activated 

macrophages and other cells can be related to the NO radical itself or an interaction 

of NO with O2
−• leading to the formation of peroxynitrite (ONOO−). The large 

majority of inflammatory and autoimmune lesions are characterized by an 

abundance of activated macrophages and neutrophils. Significant amounts of NO 

can be secreted by those cells, leading to damage of the surrounding tissue (Fehsel 

K, et al, 1993). Lot of studies from author’s lab reported the role of inducible nitric 

oxide synthase in RA pathogenesis along with disruption of antioxidant defense 

mechanism in CIA rats and its recovery by therapeutic administration of pulses and 

plant compounds (Limi et al, 2013) (Vrinda et al, 2016). For instance, an excess of 

hydroxyl radical and peroxynitrite can cause lipid peroxidation, thus damaging cell 

membranes and lipoproteins. This in turn will lead to malondialdehyde (MDA) and 

conjugated diene compound formation, which are known to be cytotoxic as well as 

mutagenic. Being a radical chain reaction, lipid peroxidation spreads very quickly 
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affecting a large amount of lipid molecules (H. Sato et al, 2013) (J. Q. Wu et al, 

2013).   

Antioxidant Defense  

 Because of the potentially damaging effects of ROS and RNS several 

antioxidant mechanisms have evolved to protect cells and organisms from damage. 

The actions are imparted at the level of radical prevention, radical scavenging and 

radical induced damage repair and based on this kind of defense, antioxidants can be 

categorized as first line defense antioxidants, second line defense antioxidants, third 

line defense antioxidants and fourth line defense antioxidants. The first line defense 

antioxidants superoxide dismutase (SOD), catalase (CAT) and glutathione 

peroxidase (GPx) role is to dismutate superoxide radical, breakdown hydrogen 

peroxides and hydroperoxides to harmless molecules (H2O2/alcohol and O2).  

Superoxide dismutase is an intracellular enzymatic antioxidant that catalyses 

the conversion of superoxide anions to dioxygen and hydrogen peroxide (J.M. 

McCord et al, 2014) while catalase catalyses the decomposition of H2O2. The 

removal of superoxide anion by superoxide dismutase appears to be important for a 

number of cellular processes which is impaired in RA synovial cells. 

Overexpression of SOD and catalase in cultured cells and whole animals has 

provided protection against the deleterious effects of a wide range of oxidative stress 

paradigms (Warner HR, 1994) Another endogenous catalytic H2O2 scavengers is the 

selenium-containing peroxidases glutathione peroxidases (Gpx) that catalyse the 

oxidation of glutathione to GSSG that is converted back to glutathione (GSH) by 

glutathione reductase (Gr) at direction of hydrogen peroxide. GSH competes with 

catalase for hydrogen peroxide as a substrate and is the major source of protection 

against low levels of oxidative/nitrosative stress (Molavian H et al, 2015). GSH is 

second line defense mechanism that interferes and forms less damaging free radical 

by donating electrons. During oxidative stress, where cellular peroxides are 

elevated, there is an increased level of oxidized protein cysteines that leads to 

inactivation of phosphatases and transcription factors that are thought to drive 

dysregulated inflammatory reactions (Forman HJ, 2002). A defense mechanism in 

which damaged cells are repaired by group of enzymes that reconstructing the cells 
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with intact DNA, protein and lipids are third defense mechanism. Moreover, forth 

mechanism involves an adaptation mechanism in which they utilize the signals 

required for free radical production and reaction to prevent the formation such free 

radicals (O.M. Ighodaro, O.A. et al, 2017). 

4.1.6. Cytokines in RA 

Cytokines are regulatory low molecular weight glycoprotein synthesized by 

lymphoid cells that assist in the development of immune effector cells. Cytokines 

bind to the receptors on target cells and activate signal transduction pathway that 

ultimately alters gene expressions in target cells even in a picomolar concentrations. 

Interferons are cytokines that are important in limiting the spread of infections, 

while interleukins are produced mainly by T cells, mononuclear phagocytes, tissue 

cells (Iain B. McInnes, 2017). Cytokines are responsible for osteoclast maturation 

and activation in RA and thus to keep their network under control these group splits 

into two groups pro-inflammatory and anti-inflammatory cytokines. Regulation of 

IL-1β and TNFα is of crucial importance in the RA disease. Recent discoveries of 

novel cytokines in the pathology of arthritis, such as IL-17, IL-18 and RANK ligand 

(RANKL) will help us to get a better understanding of the pathogenesis of chronic 

arthritis and may contribute to improvement of current therapies. IL-4 and IL-10 are 

pleiotropic cytokines, and are considered as promising modulators in the control of 

RA. There appears to be a hierarchical role for receptor activator of nuclear factor-

κB ligand (RANKL) in this process together with TNF, IL-17 and IL-I (Iain B. 

McInnes & Georg Schett, 2007). This potent pyrogenic cytokine is one of the first to 

be released in response to a pathogen, and is able to induce acute response (Griffin 

GK et al, 2012). TNF appears important only early in arthritic pain and disease 

progression, targeting a downstream mediator, such as CCL17, which appears to act 

throughout the course of disease, could be effective at ameliorating chronic 

inflammatory conditions where TNF is implicated (Cook AD et al, 2018). 

IL-1b is translated into pro–IL-1b, which has no biological activity, until it is 

processed by the activation of inflammasome and caspase-(Dinarello CA et al, 

2013), (Martinon F et al, 2009). Overexpression of certain cytokines, such as IL-1, 

IL-6, IL-8, IL-17, IL-21, tumor necrosis factor (TNF)-α and granulocyte-
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macrophage colony-stimulating factor (GM-CSF), were observed in RA patients 

(Jørgensen KT et al, 2008). These cytokines could promote synovial membrane 

inflammation and osseocartilaginous resorption via stimulation of osteoclastic 

mediators (Chen G, 2010). IL-2 is a cytokine secreted by activated T cells, promotes 

the differentiation and proliferation of lymphoid cells as well as enhances the cell-

mediated immune response to infections (Ruimei Zhang et al, 2018). IL-2 signaling 

pathways control the differentiation and homeostasis of both pro and anti-

inflammatory T cells is fundamental to determining the molecular details of immune 

regulation. The IL-2 receptor couples to JAK tyrosine kinases and activates the 

STAT5 transcription factors. However, IL-2 does much more than control 

transcriptional programs; it is a key regulator of T cell metabolic programs (Sarah H. 

Ross and Doreen A. Cantrell, 2018).  

  IL-4 is the major stimulus of TH2 cell development and induces IgE class-

switching in B cells while suppressing type 1 immunity development, including TH1 

cells and M1 macrophages. It also increases expression of class II MHC molecules 

in B cells, upregulates B-cell receptors, increases expression of CD23, prolongs the 

lifespan of T and B cells in culture, and mediates tissue adhesion and inflammation. 

(Parsa R et al,2012). IL-4 is a growth and survival factor for lymphocytes and 

preincubation of natural Tregs with IL-4 enhanced their suppressive capabilities 

(Thornton AM et al,2004) through the preservation of their Foxp3 expression after 

anti-CD3-mediated cell activation (Maerten P et al, 2005) (Ponomarev ED et 

al,2007).  

IL-10 secretion from CD4+CD25+FoxP3+regulatory cells (Tregs), 

macrophages, and other leukocytes, followed by subsequent binding to IL-10 

receptors on macrophages (Shalev I et al, 2011) and dendritic cells (DCs), has been 

linked to decreased antigen presentation and increased T-cell anergy. IL-10 inhibits 

the expression of many proinflammatory cytokines, chemokines, and chemokine 

receptors. In contrast to its inhibitory effects on T cells, IL-10 promotes the survival, 

proliferation, and differentiation of human B cells and increases IgG4 production. 

 Different studies consistently show increased IL-10 serum levels in rheumatoid 

arthritis (RA) and it appears to be caused by genetic variants( J.Hernández-Bello et 

al, 2017). Bioactive IL-12 mediates the development and maintenance of TH1 cells 
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by inducing IFN-γ production by TH1 and NK cells. Reduced IL-12 production 

impairs TH1 responses and increases susceptibility to infection with intracellular 

pathogens (Alessia Alunno et al, 2017). Murphy and colleagues reported that mice 

with collagen-induced arthritis (CIA) and IL-23 deficiency are completely resistant 

to the development of joint destruction and that IL-23 is required for the induction of 

inflammatory cytokines including IL-17 and TNF-α (Murphy CA et al, 2003).   

Interleukin-17 (IL-17A) is now a recognized target in chronic inflammation 

(Miossec P et al, 2012). Consistent with the broad expression pattern of its receptor, 

IL-17A acts on a variety of cells, which respond by upregulating expression of 

proinflammatory cytokines, chemokines, and metalloproteases (Wei Jin,, 2013) 

Similarly, they are upregulated in mouse models of collagen-induced arthritis and 

experimental autoimmune encephalitis.  

The contribution of IL-17 in destructive arthritis was suggested by the fact 

that the cellular responses induced by IL-17 look similar to that of IL-1. 

Furthermore, amelioration of destructive collagen arthritis was noted after blocking 

endogenous IL-17 using soluble IL-17 receptor (Taku Kuwabara, 2017). IL-6 

promotes T-cell proliferation, B-cell differentiation and survival, and plasma cell 

production of IgG, IgA, and IgM. Clarification of the mechanism through which 

tocilizumab exerts its effect on RA can be expected to lead to the best use of this 

agent for RA patients and aid in investigations into the pathogenesis of RA (Yuji 

Yoshida et al, 2014). Receptor activator of NF-κB ligand (RANKL) has emerged as 

a major osteoclastogenic cytokine. Binding of RANKL to its receptor, RANK, on 

macrophages prompts them to assume the osteoclast phenotype (Anderson DM et al 

1997). When RANKL binds to RANK, it undergoes trimerization and then binds to 

an adaptor molecule, TNF receptor-associated factor 6 (TRAF6), which then 

sequentially activates IκBα kinase (IKK), nuclear factor-κB (NF-κB), and nuclear 

factor of activated T cells, cytoplasm 1 (NFATc1), thus leading to 

osteoclastogenesis (Sakae et al, 2017). Interaction between RANK and RANKL 

finally leads to enhanced bone resorption and bone loss (S. Khosla etal, 2001).  
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4.1.7. Signalling pathways in rheumatoid arthritis                                         

  Intracellular signal transduction is the process by which a cell converts an 

external signal such as stress, inflammatory cytokines into a response. Several 

protein acts as intermediators during the process and kinases, are the key regulators 

that facilitate the addition of a negatively charged phosphate group to proteins. 

These cascades of events ultimately lead to targeted gene transcription and 

translation into specific proteins like inflammatory proteins, cytokines, matrix 

metalloproteinases, and cyclooxygenase (COX-2). The main intracellular signal 

transduction pathways implicated in RA include the mitogen-activated protein 

kinase (MAPK) pathways, nuclear factor-kappa B (NF-κB) and the Janus kinase 

(JAK-STAT) pathway and inhibiting these signal transduction pathways will block 

immune cell-mediated inflammation to produce a lasting clinical remission and slow 

down the progression of rheumatoid arthritis pathology.  For clinical progress in RA 

suitable interventions are required to bring about abrupt change rather than 

suppressing these signaling pathways.  

4.1.7.1. MAP kinase pathway 

MAPK pathways are evolutionarily conserved in all eukaryotes and allow 

cells to respond to changes in the physical and chemical properties of the 

environment and to produce an appropriate response by altering many cellular 

functions including cell differentiation, cell death, proliferation, metabolism rate, or 

the interaction with other cells. Four subfamilies of MAPKs have been extensively 

characterized in mammalian cells: ERK1/2, JNKs, p38s and ERK5 (Kyriakis JM et 

al, 2012), (Arthur JS et al, 2013). All MAPK cascades comprise several molecular 

mediators at sequential level, which become activated in response to a broad panel 

of intra- and extra-cellular stimuli. TNF-α is of importance. It can activate all three 

members of the MAPK family, MAP kinase signaling pathways induce a secondary 

response by increasing the expression of several inflammatory cytokines (including 

TNFα) that contribute to the biological activity of TNFα. MAPK p38 enhances TNF 

expression by inactivating the anti-inflammatory protein TTP. The phosphorylation 

state of TTP is a critical determinant of inflammatory responses, and a tractable 

target for novel anti-inflammatory treatments. (E A Ross,et al, 2016). 
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4.1.7.2. JAK-STAT pathway 

Janus kinases (JAKs) are cytoplasmic tyrosine kinases continuous activation 

of JAK/STAT signaling in RA synovial joints results in the elevated level of matrix 

metalloproteinase gene expression, increased frequency of apoptotic chondrocytes 

and most prominently ‘apoptosis resistance’ in the inflamed synovial tissue. They 

conduct cytokine signal from membrane receptors to signal transducers and 

activators of transcription (STAT) transcription factors (Charles J Malemud, 2018). 

Signaling begins with extracellular association of cytokines or growth factors with 

their corresponding transmembrane receptors. This facilitates trans-activation of 

receptor-bound Janus kinases (Jaks) by putting them in spacial proximity and by 

prompting conformational changes that distance their kinase domains from 

inhibitory pseudokinase domains (Brooks AJ et al, 2014). Janus kinases (JAKs) are 

cytoplasmic tyrosine kinases. They conduct cytokine signal from membrane 

receptors to signal transducers and activators of transcription (STAT) transcription 

factors. Thus, continuous activation of JAK/STAT signaling in RA synovial joints 

results in the elevated level of matrix metalloproteinase gene expression, increased 

frequency of apoptotic chondrocytes and most prominently ‘apoptosis resistance’ in 

the inflamed synovial tissue. The downstream events that are activated by 

the JAK/STAT pathway include the increased gene expression of pro-inflammatory 

cytokines, such as interleukin-6 (IL-6), which contribute to the chronic inflammation 

characteristic of RA. Growing appreciation for the importance of the JAK/STAT 

pathway in inflammation has fueled interest in developing JAK inhibitors (also 

known as Jakinibs) ( Malemud CJ et al, 2015). 

4.1.7.3. TLR4- NFκB pathway 

TLRs are single-pass transmembrane proteins composed of N-terminal 

extracellular leucine-rich repeats (LRRs) that are responsible for recognition of 

specific pathogen components, a membrane-spanning domain and a C-terminal 

cytoplasmic domain similar to the cytoplasmic region of the interleukin-1 (IL-1) 

receptor, known as the Toll/IL-1 receptor (TIR) domain, which is required for 

recognizing  PAMPs and to elicit  immune responses like induction of inflammatory 

cytokines [Akira S.et al, 2006) (X.F. Sun et al, 2013). TLRs are expressed on 
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various immune cells, such as macrophages, dendritic cells, B cells and neutrophils, 

as well as on non-immune cells such as fibroblast cells, epithelial cells and 

keratinocytes. TLRs recruit a set of adaptor proteins with TIR domains by 

homophilic interaction of their TIR domains. Multiple sequence of events gets 

orchestrated beginning from the binding of myeloid differentiation factor-88 (MyD 

88) protein to the TIR domain of this receptor. MyD 88 is an essential molecule that 

binds in pair having binding domain for another MyD 88 molecule. Enlargement of 

recruitment platform through MyD88 dependent pathway promotes the activation of 

downstream molecules like IRAK1 and IRAK4 (Kawagoe T et al, 2008). This 

mediates activation of nuclear factor kappa-light-chain-enhancer of activated B cells 

(NF-κB) thereby promoting transcription of proinflammatory genes such as those 

encoding tumour necrosis factor(TNF-α), interleukine-1β, COX-2 and inducible 

nitric oxide synthase (iNOS) which played significant role in the induction of 

cartilage destruction (Vande Loo A A J et al, 1990) associated with RA 

4.1.8. Risk Factors 

Multiple genetic and environmental factors have been associated with an 

increased risk for rheumatoid arthritis (RA). Of these, the strongest associations 

have been seen with female sex, a family history of RA, the genetic factor the 

“shared epitope,” and exposure to tobacco smoke. There is also renewed interest in 

mucosal inflammation and microbial factors as contributors to the development of 

RA (Kevin D.Deane, 2017).  Genetic factors are clearly important in RA 

susceptibility: having a family history of RA increases the risk of RA by 3- to 9-fold 

(Hemminki K et al, 2009). Multiple environmental, lifestyle and behavioral risk 

factors have been studied for association with the development of RA. Factors with 

moderate evidence for association with higher RA risk include lower 

educational level, high birth weight and obesity, and factors associated 

with lower risk include moderate alcohol intake and breastfeeding (Karlson EW et 

al, 2012). Other exposures such as silica dust, solvents, air pollution and ultraviolet 

light have shown modest associations with the risk of RA, while reproductive and 

hormonal factors, dietary factors and periodontitis have shown the least consistent 

results, especially when prospective studies where exposure is assessed prior to 

outcomes are compared with case control studies (Elizabeth W. Karlson et al, 2016). 
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4.1.9. Treatment 

Successful management of rheumatoid arthritis (RA) requires suppression of 

the autoimmune response, which results in synovial inflammation, cartilage and 

bone damage and is associated with a range of extra-articular manifestations 

including accelerated atherogenesis, cancer and sepsis. The strategy to achieve this 

is called ‘treat-to-target’ and requires frequent patient review to escalate therapy 

until remission or at least low disease activity is achieved. RA primarily affects the 

lining of the synovial joints and can cause progressive disability, premature death, 

and socioeconomic burdens.  Five main classes of drugs are currently used for 

treating RA analgesics, non-steroidal anti-inflammatories (NSAIDs), 

glucocorticoids, as well as biologic and non-biologic disease-modifying 

antirheumatic drugs (DMARDs). NSAIDs may interfere with the beneficial 

antiplatelet activity of aspirin, increase blood pressure, increase risk of adverse 

cardiovascular events such as myocardial infarction, and can exacerbate heart failure 

(Trelle S et al, 2011). Chronic use of DMARDS have resulted in skeletal fractures, 

gastrointestinal bleeding , cardiovascular problems (Pradeep Kumar et al, 2013). 

4.1.9.1. Kashayams 

The World Health Organization (WHO) estimates that 80% of the word's 

inhabitants still rely mainly on traditional medicines for their health care (Mathew L 

et al, 2011) because of the side effects produced from synthetic medicine.  But there 

is a lack of scientific studies to prove the efficacy of these medicinal systems, 

although the medicines are cheap, more effective, with less or no side effects, easily 

available and affordable. Thus there is an obvious need to ascertain the scientific 

basis of the roles of these medicines. This need is being felt worldwide to find an 

easily affordable, cheap, more effective medicines due to increase in the incidence 

of many diseases for which the cure is still elusive in the modern medical practice. 

In Ayurveda polyherbalism has been given noteworthy importance because of their 

therapeutic efficiency and in ‘Sarangdhar Samhita’ an ayurvedic literature, 

efficiency of polyherbal formulations was described as when combining the multiple 

herbs in a particular ratio, it will give a better therapeutic effect and reduce the 

toxicity (Subramani Parasuraman et al, 2014). The use of polyherbal formulations as 
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antiinflamatory (Shyni et al, 2010) and antiarthritic drugs ((Mangesh S Bansod et al, 

2011) was also reported.  Kashayams are otherwise called herbal decoctions are 

polyherbal formulations with water soluble principles used in Indian traditional 

system of medicine and for the current study Balaguluchiadi kashayam (BgK), 

Punarnavadi kashayam (PuK) and Gugguluthiktam kashayam (GuK) were taken.  

Accumulating evidences have shown anti-inflammatory, antioxidant, 

immunomodulatory properties of Tinospora cordifolia [Tripathi YB et al, 1997) 

(Bishayi B et al, 2002], an essential herb of three kashayams and also Indian 

bdellium [Francis et al, 2004) (Karan M et al, 2009) Azadirachta indica (Jagadeesh 

K et al, 2014), Justicia adhathoda [Chakraborty A et al, 2001) which forms the 

components of GuK.  Balaguluchiadi kashayam consists of 10 herbs including Sida 

cordifolia (Momin MA et al, 2014), Adenanthera pavonina (Koodalingam A et al, 

2015), Cedrus deodara (Shinde UA et al, 1999) whose anti-inflammatory properties 

have been evidenced while punarnavadi kashayam was made from 6 plants like 

Boerhavia diffusa [Santhoshkumar Muthu et al, 2014), Azadirachta indica (MA 

Alzohairy.  2016), Adhathoda vasicca (Muruganantham et al, 2015).  

The component herbs of each kashayam tabulated as follow. 

   BgK      PuK       GuK 

Sida cordifolia 

Tinospora cordifolia 

Cedrus deodara 

Adenanthera 
pavonina 

Saussurea costus 

Santalum album 

Boswellia serrata 

Senna tora 

Withania somnifera 

Alpinia galanga 

 

Boerhavia diffusa 

Azadirachtaindica-  skin 

Luffa 

Zingiberofficinale-dried 
rhizhome 

Tinospora cordifolia 

Commiphora wightii-resin 
Azadirachta indica  
Tinospora cordifolia 
Justicia adhatoda 
Solanum melongena- root 
Cyperus rotundus 
Scindapsus officinalis 
Cedrus deodara 
Curcuma longa –dried rhizome 
Anethum graveolens 
Piper trioicum 
Piper nigrum 
Ayamodakam 
Plumbago indica 
Ficus benghalensis-seeds 
Piper longum 
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5. Objectives 
  

1. To study antiinflammatory effect of Balaguluchiadi, Punarnavadi and 
Guggulutiktam kashayams in acute inflammatory model of rats. 
 

2. To study the anti- arthritic effect of Balaguluchiadi, Punarnavadi and 
Guggulutiktam kashayams in inflammatory signal transduction pathways of 
rheumatoid arthritis. 

 
3. To study immunomodulatory effect of Balaguluchiadi, Punarnavadi and 

Guggulutiktam kashayams in collagen induced arthritic rats. 
 

4. To study the effect of long term administration of kashayams in collagen 
induced arthritic rats. 
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6. Materials and methods 

6.1. Chemicals 

Histopaque1083, Hemoglobin, 0-dianisidine, Linoleic acid, arachidonic acid, 

carrageenan, Type II collagen were from autospan purchased from Sigma–Aldrich 

Chemicals (St Louis, MO, USA) and Spectrochem Pvt. Ltd. (Mumbai, Maharashtra, 

India). Easy sep FITC lymphocytes isolation kit from proteogen biosciences and 

ALP, AST, ALT. Urea, Uric acid kits and other clinical assay kits were from 

autospan. Immunoglobulins kit, and IL-10 and TNFα antibodies were procured from 

ILS. RORγ, GATA3, IL-17, RANKL, BAFF, BAFFR, APRIL, SOCS3 antibodies 

and various CD markers antibodies like CD19, CD25, CD28 etc were brought from 

ebioscience. Indomethacin purchased from local market. All the other chemicals 

used were of the highest grade available. 

6.2. Preparation of Kashayam 

Plant parts of kashayam were collected from local market cleaned, dried and 

powdered. Raw materials collection and Kashayams preparation following classical 

guidelines (Krishnan Vaidyan AK, 1996) were done under the supervision of Dr.  

Sukumara Varier, Senior Ayurvedic Physician, Kottakkal Arya Vaidyasala. 

Carefully collected plant parts were shade dried, coarsely powdered and stored. One 

part of this powder was soaked in 16 parts of water, boiled till its volume reduced to 

1/4th and this liquid is kashayam which is filtered and used for studies.  

6.3. Experimental Animals 

Adult female wistar rats of weight 100- 200 g, which were bred and reared in 

the department animal house, were used for this study. They were provided with 

laboratory chow (Hindustan Lever Lab diet) and water ad libitum throughout the 

experimental period. The rats were housed in polypropylene cages in a room with 

the temperature maintained at 26 ± 10C and a 12-hour light dark cycle. All 

experiments were conducted as per the guidelines of the Animal Ethics Committee 

CPCSEA (Registration No. 218/CPCSEA) according to Government of India 

accepted principles for laboratory animal use 
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6. 4. Carrageenan induced acute paw edema. 

Rats under ethical clearance no- [IAEC-KU-16/2014-’15-BC-AH (28)] were 

grouped into six Group I: Normal, Group II:  carra, Group III: carra + BgK, Group 

IV:  carra +PuK, Group V: carra + GuK, Group VI: carra+ IND. 

Kashayam was given orally to groups III - V at a dose of 2ml/kg bwt (dose fixed 

using Paget and Barnes dose conversion table, 1969) and indomethacin 3mg/kg bwt 

to group VI. First group received only normal saline. After one hour 0.1ml of 1% 

carrageenan dissolved in 9% saline was given intraperitonally at the right hind paw 

of rat in all groups except I group. The volume of each paw was measured using a 

paw edema meter 0th, 3rd, 5th hours of carrageenan injection. Acute inflammatory 

edema leading to marked increase in the volume of the limb was noted.  The % 

edema inhibition was calculated by Winter et al’s method, 1962. Percentage edema 

inhibition = Vc- Vt x100/Vc; Vc and Vt are the average edema volume of control 

and test. At the end of the experimental period animals were sacrificed by 

euthanasia, the paw tissues and blood was collected for various assays. 

6.5. Collagen induced arthritis 

For collagen induced arthritic studies rats under ethical clearance No--

[IAEC-KU-16/2014-’15-BC-AH (28)] were grouped into 6 each with six rats Group 

I- Normal, Group II- Collagen induced arthritis (CIA), Group III- CIA+ BgK, Group 

IV–CIA+PuK, Group V- CIA+GuK, Group VI- CIA+Indomethacin (IND. 

Rheumatoid arthritis was induced in rats with type II collagen (sigma) as described 

by Brand et al (Brand D D, 2007) type II collagen obtained from bovine nasal 

septum was dissolved in glacial acetic acid at a concentration of 4mg/ml and 

emulsified with equal volume of incomplete Freund’s adjuvant for induction. All 

rats except the normal was immunised with 200µg of collagen intradermally at the 

base of the tail and received the same dose as booster injection on 7th day. After 7 

days of secondary immunisation treatment started with BgK, PuK and Guk at a daily 

dose of 2ml/kgbwt and with IND at 3mg/kgbwt intra- gastrically to respective 

groups and continued up to 45 days. Dose of kashayams were calculated from 

human dose based on body surface area according to Paget and Barne’s dose 

conversion table (Paget GE, Barnes GM.1964). After 45 days of treatment rats in six 
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groups were euthanized, blood, cartilage and paw were collected for various 

analyses. For long term study using kashayams treatment duration was 90 days. 

6.6. Evaluation of paw volume and arthritis scores 

Paw volume of rats belonging to all groups were measured starting from first 

day of experiment and at regular intervals until the end on 60th day of the 

experiment using paw edema meter. The severity of arthritis was assessed by 

arthritis score, joint destruction score and inflammation score. Both paw volume and 

arthritis score were noted.  Rats were also monitored for the signs of arthritis from 

which severity symptoms were assigned different values from 0-4 and expressed as 

arthritis scores with 0 - no signs of arthritis, 1 inflammation in only one paw, 2 –

inflammation /redness in more than one paw, 3 -swelling/redness in joint, 4- severe 

inflammation of joints, entire paw with deformity and ankylosis.  The macroscopic 

arthritic score of each rat was presented as the sum of each score of the four limbs, 

with the maximum score being 16 for all four limbs. 

6.7. Isolation of peripheral blood mononuclear cells 

Isolation of monocytes was carried out as described by (Vrinda et al, 2016). 

3 mL Histopaque 1083 solution was placed in a 15 mL tube and 3 mL blood was 

layered on top of this density gradient. After the centrifugation (400g for 30 minutes 

at room temperature) the blood cells were separated into two fractions: an upper 

white layer consisting of plasma and mononuclear cells plus the majority of platelets 

at the interface region, and a lower layer containing erythrocytes and granulocytes. 

From the buffy coat, the mononuclear cells were carefully taken off by aspiration 

and washed with phosphate buffered saline. This was repeated twice. After that, the 

pellet was suspended in phosphate buffered saline Tween and subjected to freeze 

thaw cycle three times. The resulting lysate was used as the enzyme source. 

6.8. Assay of total cyclooxygenase (COX) activity in mononuclear cells 

COX activity was assayed by the thiobarbituric acid method of Shimizu et al, 

1981.The assay mixture containing Tris-HCl buffer (pH 8), glutathione, 

hemoglobin, and 50µl lysed monocytes were incubated for 1 min at 25˚c. The 
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reaction initiated by the addition of 50µl arachidonic acid and terminated after 20 

min incubation by adding 10% TCA in 1N HCl. After centrifugation 0.2ml 

thiobarbituric acid was added and the supernatant was measured at 532 nm for COX 

activity. 

6.9. Assay of lipooxygenase (LOX) in mononuclear cells 

Assay of LOX activity was done by the method of Axelrod et al, (1981). 5-

LOX activity was determined in a reaction mixture of tris HCl buffer (pH 7.4), 

enzyme source and sodium linoleate while 15-LOX contain phosphate buffer (pH 

6.1). The increase in OD was measured at 234 and 280 nm respectively. 

6.10. Assay of Nitric oxide synthase (NOS) 

Nitric oxide synthase activity was determined by the method of Salter et al, 

1997. The tissues were homogenized in prewarmed HEPES buffer. The substrate L-

arginine, MnCl2, dithiothreitol, NADPH, and tetrahydrobiopterin is treated with 

2µM oxyhemoglobin and enzyme source. The increase in absorbance was read at 

401nm. The enzyme activity was expressed as pico moles of citrulline 

formed/min/mg protein. 

6.11. Assay of myeloperoxidase activity (MPO) 

Myeloperoxidase activity was measured in assay solution of citrate 

phosphate buffer, 30% H2O2, O-dianisidine and enzyme source i.e.; homogenized 

paw tissue (Bradley et al, 1982). Myeloperoxidase activity is defined as the 

concentration of enzyme degrading 1µmol of peroxide/min at 370C and was 

expressed as Units/mg protein.                

6.12. Assay of Superoxide dismutase (SOD) 

SOD activity was assayed according to the method of Kakkar et al (1984). 

Tissues were homogenized in sodium pyrophosphate and supernatant used as 

enzyme source. The reaction mixture contains sodium pyrophosphate, 186µM 

phenazinemethosulphate, 300µM nitroblue tetrazolium, enzyme source and NADH. 
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The reaction stopped by adding glacial acetic acid and the blue colour was extracted 

with n-butanol.  The absorbance was measured spectrophotometrically at 560nm. 

6.13. Assay of Catalase 

Catalase activity was determined according to the method of Maehly and 

Chance (Maehly et al, 1954). The tissue was homogenized in phosphate buffer and 

centrifuged at 5000 rpm. The reaction mixture contained phosphate buffer, 2mM 

H2O2 and the enzyme source. The absorbance measured at 230nm. Specific activity 

is expressed in terms of unit /mg protein. 

6.14. Assay of glutathione peroxidase (GPx)  

Tissue homogenate was prepared in sucrose centrifuged at 10,000xg for 30 

min and supernatant used for assay (Lawrence et al, 1976). This enzyme source 

incubated with solution containing 2ml phosphate buffer, 0.2ml EDTA, 0.3ml 

sodium azide, 0.1ml glutathione reduced, 0.1ml NADPH and 0.5ml water.  After 5 

min of incubation reaction was initiated by adding H2O2 solution. Optical density 

was measured at 340 nm at 20 sec intervals. Enzyme activity is defined as 

micromoles of NADPH oxidized/min/mg protein. 

6.15. Assay of Glutathione reductase activity (GR) 

Activity of glutathione reductase was assayed by the method referred from 

David & Richard 1983. Tissue homogenate prepared in phosphate buffer was treated 

with EDTA, oxidised glutathione, NADPH and colour obtained estimated at 340nm 

that is expressed as µ moles of NADPH oxidised/min/mg protein.  

6.16. Estimation of Glutathione content (GSH) 

Glutathione content was estimated by the method of Benke et al, 1974. 

Tissue was homogenised in precipitating solution containing glacial metaphosphoric 

acid, EDTA and NaCl. After incubation for 5 minutes the filtered sample was mixed 

with phosphate solution and DTNB. Mixed and read at 412 nm. 
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6.17. Assay of malondialdehyde (MDA)  

Assay of MDA was done according to the method of Okhawa et al, 1979. 

The tissue was homogenized in tris HCl buffer (pH 7.4) and supernatant used for the 

assay. The assay solution contained trichloro acetic acid- thiobarbituric acid reagent 

along with the supernatant. Heated in a boiling water bath for 15 min, cooled, 

centrifuged at 1000 rpm for 10 min. Absorbance measured spectrophotometrically at 

535nm. The results were expressed in mmol/100g wet tissue.  

6.18. Assay of Rheumatoid factor, C-reactive protein (CRP) 

The blood was collected in a centrifuge tube and kept for 30 minutes 

undisturbed at room temperature. Then centrifuged at 1000-2000g for 10 minutes to 

remove the clot and serum was collected. The assay of RF in serum was done by 

quantitative turbidimetric test using RF-Turbilatex assay kit (Euro diagnostic 

systems) according to manufacturer’s instructions. Latex particles got agglutinated 

on treating with sample and change in absorbance was taken spectrophotometrically 

at 630nm. CRP in blood serum was measured using CRP -turbikit (Spinreact PVT 

Ltd, India) by employing immuno-turbidimetric method 

6.19. Assay of anti CCP antibodies in blood serum 

Anti CCP antibodies in serum of rats were determined by ELISA method. 

Citrullinated synthetic peptide coated wells supplied with the ImmuLisa TM CCP test 

kit (immco diagnostics) were utilized for the study. Diluted serum was applied to the 

wells, incubated following the manufacturer ‘s protocol and estimated the amount of 

reactive antibodies. 

6.20. Nuclear and cytosolic fractionation  

Cartilage tissues were trimmed minced and washed in ice-cold PBS buffer 

and gently spun to pellet the tissue. After pelleting the tissue was rinsed and 

homogenised in STM buffer. The homogenate was centrifuged at 800g for 15 

minutes in ice cold centrifuge. Supernatant was collected and used as cytosol while 

pellet dissolved in nuclear extraction buffer served as nucleus (Cox & Emili., 2006). 
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6.21. ELISA 

ELISA was performed to quantitate the amount of TNFα, IL-1 and IL10 in 

paw tissues (Engvall and Perlman, 1971). Different concentrations of test samples 

were precoated onto ELISA plates and serve as the antigen. After incubating for 24 

hrs at room temperature the wells were washed with PBS. Free binding sites were 

blocked using blocking buffer with 0.25 gelatin in PBS containing tween 20. Then 

incubate with primary antibodies for 3 hrs at room temperature. After extensive 

washing with PBS tween secondary antibody was added to the wells. Incubated for 

1.5 hrs and substrate (1ml ortho-dianisidine in methanol + 0.1M citrate phosphate 

buffer+ 30% H2O2) was added. The coloured product HRP was measured 

spectrophotometrically at 405nm by an automated microplate reader (Thermo 

Multiskan Spectrum). 

6.22. mRNA expressions by RT- PCR 

The total RNA was extracted from cartilage and paw tissue (50-100mg) 

using Tri reagent (sigma). RNA quantification and purity assessed by UV-Vis 

spectroscopy at 260-280 nm. cDNA synthesis and amplification were carried out in 

eppendorf thermal cycler according to manufacturer’s protocol. The RT-PCR 

products were electrophoresed through a 1.5% agarose gel and band were visualized 

and quantified using gel doc analyser (Major Science). The signals were expressed 

relative to the intensity of GAPDH in each sample.  

6. 23. Quantitative real time PCR 

Quantitative real-time PCR of proinflammatory cytokine IL-1β and anti-

inflammatory cytokine IL-10 was performed in an eppendorf thermal cycler. RNA 

from cartilage were isolated, quantified and used for cDNA synthesis. After that 

qRT-PCR analysis were carried out, with real time PCR smart mix kit having Eva 

Green dye according to manufacturer’s protocol. The forward primer was kept at 

95°C for 15 min and reverse primers at 95°C for 20 sec respectively and their 

sequences (sigma) are in table 1. 
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Gene 

 

 

                Forward primer 

 

                Reverse primer 

COX-2 
TLR4 
TNFα 
iNOS 
IL-1β 
IL-10 
IL-17 
FOXP-3 
Tbet 
GATA-3 
ROR    
GAPDH 

5’CCAAACCAGCAGGCTCATACT3’ 
5’AGTGTATCGGTGGTCAGTGTGCTT3’ 
5’TGCTCAGAAACACACGAGACGC3’ 
5’CAGCACAGAGGGCTCAAAGG 3’ 
5’AACCTGCTGGTGTGTGACGTTC3’ 
5’AGAGCCCCAGATCCGATTTT3’ 
5’ACCGCAATGAAGACCCTGAT3’ 
5’GCTTGTTTGCTGTGCGGAGAC3’ 
5’AACCAGTATCCTGTTCCCAGC3’ 
5’CTCTCCTTTGCTCACCTTTT3’ 
5’TCACCTGTGAGGGTGCAAG3’ 
5’TCAAGAAGGTGGTGAAGCAG3 
 

5’AGCGGATGCCAGTGATAGAGT3’ 
5’ATGAAGATGATGCCAGAGCGGCTAG3’ 
5’TTCAGCAGCCTTGTGAGCCAGA3’ 
5’TCGTCGGCCAGCTCTTTCT 3’ 
5’CAGCACGAGGCTTTTTTGTTGT3’ 
5’CATCAAGGCGCATGTGAACT3’ 
5’TCCCTCCGCATTGACACA3’ 
5’GTTTCTGAAGTAGGCGAACAT3’ 
5’TGTCGCCACTGGAAGGATAGT3’ 
5’AAGAGATGCGGACTGGAGTG3’ 
5’GTTCGGTCAATGGGCAGTTGA3’ 
5’AGGTGGAAGAATGGGAGTTG3’ 

 

6.24. Assay of toxicity markers of liver, kidney, lipid profile 

Serum Urea, Uric acid, Creatinine, total cholesterol, LDL-cholesterol, HDL-

cholesterol triglycerides levels and Alkaline phosphatase (ALP), Alanine 

transaminase, Aspartate transaminase activities were assayed using liquid Gold kits 

from autospan pvt ltd. 

6.25. Assay of serum immunoglobulins 

IgG, IgM, IgA levels in serum was quantified by competitive inhibition 

enzyme immunoassay technique using ELISA kit from Cloud-Clone Corp. 

6.26. B cells and T cells isolation 

Disrupt spleen tissues in recommended medium. Remove aggregates and 

debris by passing cell suspension through a pre-wetted 70 µm mesh nylon strainer. 

Centrifuge at 120 x g for 10 minutes with the brake off. Remove the supernatant and 

resuspend the cells at 5 x 10^7 nucleated cells/mL in recommended medium.  

Remove the supernatant and resuspend the cells at 5 x 10^7 nucleated cells/mL in 

recommended medium. Keep the cell suspension at 2 - 8°C until ready to start the 

cell separation protocol. Using B cell and CD 4+ T cell specific FITC conjugated 

marker antibodies unwanted cells were removed using easy sep magnet and 

magnetic beads. Easy sep positive FITC (Stem Cell Technologies) selection kit were 

used for this purpose. The retained desired cells B cells and T cells were used for 

flow cytometry to determine cell count.   
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6.27. Immunohistochemistry 

Deparaffinize slides in 3 changes of fresh xylene followed by ethanol. Block 

endogenous peroxidase in 0.5% hydrogen peroxide. After rehydrating the slides 

antigen was unmasked in microwave at high wattage. After cooling treated the slides 

with TBS buffer and antibody solution was applied to it followed by one-hour 

incubation. Then secondary antibody (horse radish peroxidase anti-rabbit Ig G) was 

added and incubated for 30minutes at 37°C followed by DAB. After stopping the 

reaction by TBS and counter stained the slides with hematoxylin. Dehydrated in 

alcohol and mount in DPX for microscopic examination.   

6.28. Histopathological analysis 

Liver, spleen, kidney, stomach, synovial joints tissue specimens were fixed 

in neutral formalin solution. These were embedded in paraffin wax, sectioned and 

stained with hematoxylin and eosin. Stained sections viewed under ordinary 

microscope at 40 X magnification.  

6.29. Estimation of protein 

The protein concentration of both paw tissues and mononuclear cells were 

determined by the method of Lowry et al's, (1951).  

6.30. Statistical analysis 

The results were analysed using SPSS/PC+, version 16.0 (SPSS Inc., 

Chicago, IL, USA). One-way ANOVA was employed for comparison test of 

significant differences among groups. Pair fed comparisons between the groups 

were made by Duncan's multiple range tests, p < 0.05 was considered significant. 
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7. Results and Discussion 

7.1. Experiment 1- Antiinflammatory and antioxidant effect of kashayams in 

carrageenan induced acute inflammation 

7.1.1. Standardization of Kashayams 

Physicochemical properties of kashayams were studied as given in table 1. 

The quality test of inhouse kashayams preparation proved the purity of formulation 

since all properties exists within standard limit. ash value of less than 1% indicates 

quality, purity and less content of silicious matter in the polyherbal formulations. 

Kashayams BgK PuK GuK 
Description 
Refractive index 
pH 
Ash content (%) 
Total solids (%) 

Brown liquid 
1.33±0.05 
5.42±0.20 
0.15±0.005 
1.83±0.07 

Brown liquid 
1.33±0.05 
5.59±0.21 
0.23±0.008 
2.21±0.08 

Brown liquid 
1.33±0.05 
5.44±0.19 
0.28±0.010 
1.68±0.06 

 

. 

 

7.1.2. Heavy metals Analysis 

Heavy metals analysis in BgK, PuK and GuK showed that heavy metals 

were present in kashayam sample only in permissible amount and some were either 

absent or below the detection limit. This indicated quality and purity maintained 

during the process of kashayam preparation from raw material collection till the 

production. 

Heavy metals BgK PuK   GuK 
AS (mg/kg) 
Cd (mg/kg) 
Pb (mg/kg) 
Hg (mg/kg) 
Zn (mg/kg) 
Detection limit 
 

0.10±0.004 
 BDL 
0.12±0.005 
- 
3.9±0.15 
0.05mg/kg 
 

0.06±0.002 
 BDL 
0.13±0.005 
     - 
4.4±0.17 
0.05mg/kg 
 

0.06±0.002 
BDL 
0.08±0.003 
-  
2.07±0.08 
0.05mg/kg 
 

 

 

 

Table 1: Organoleptic properties of Balaguluchiadi kashayam (BgK), Punarnavadi kashayam (PuK) and 
Gugguluthiktam kashayam (GuK) studied by testing odour, colour and appearance that showed kashayms to 
be a brown liquid with bitter taste and cloggy appearance while the other physiochemical characteristics 
refractive index, pH, total solid content was determined for the kashayam standardization. 

Table 2: Presence of heavy metals arsenic (AS), cadmium(Cd), lead (Pb), mercury(Hg) and zinc 
(Zn) analysed in kashayams by ICPMS technique. Values were expressed average of 3 analysis 
±SEM. BDL- below detection limit 
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7.1.3. Effect of BgK, PuK, GuK on carrageenan induced acute Paw edema 

Anti-inflammatory effect of all drugs were tested using carrageenan induced 

acute inflammation model and the time course of edema development is represented 

by a biphasic curve (R. Vinegar et al, 1969). The effect of kashayam on paw edema 

inhibition at 0th, 3rd and 5th hour was studied and BgK showed 70% and 72% paw 

edema inhibition, PuK showed 68 and 70% while GuK showed 55 and 58% paw 

edema inhibition at 3rd and 5th hour respectively. 0th hour was the carrageenan 

injection time as in Fig 1 and 2. The Carra alone group showed maximum paw 

edema with 0% inhibition. Paw edema inhibition at 3rd and 5th hours of post 

carrageenan injection was increased significantly (p<0.05) by the pretreatment with 

three kashayams. The pretreatment with positive control indomethacin also 

exhibited similar effect (3mg/Kgbwt) which was 65% and 70% respectively.   
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As a prophylactic study, in BgK, PuK, GuK, and IND pretreated rats the first phase 

of inflammation occurs within an hour of injection of carrageenan due to trauma of 

injection and partly due to serotonin and histamine component. The effect of 

NSAIDS in carrageenan induced paw edema was explained by K. Seibert et al and 

showed that they were cyclooxygenase inhibitors (K. Seibert et al, 1994). Thus 

Kashayams also have inhibitory function in the second phase of anti-inflammatory 

reaction, which is measured at the 3rd hour. It was reported earlier that second phase 

of carrageenan is sensitive to both the clinically useful steroidal and nonsteroidal 

anti-inflammatory agent. Likewise, in BgK, PuK, GuK   pretreated group of rats 

four cardinal signs of inflammation redness (Latin rubor), heat (calor), swelling 

(tumor), and pain (dolor) as described by Aulus Cornelius Celsus subsided in the 

late phase of biphasic carrageenan action. It was due to the hastening of recruitment 

and activation of leukocytes and plasma proteins at the site of infection to eliminate 

the infectious agent (Kindt, et.al. 2004) by the kashayams. Since kashayams are 

polyherbal formulations it brings down all the symptoms described, by the concerted 

action of principle compounds in it. Thus 70% -80% paw edema inhibition was 

exhibited by these kashayams similar to NSAID drug indomethacin. 

7.1.4. Effect of BgK, PuK, GuK on total COX activity in mononuclear cells of 

carrageenan induced rats. 

The effect of kashayams on total COX activity in mononuclear cells were 

analysed. For this monocytes were isolated 3 hours after carrageenan induction by 

density gradient centrifugation using histopaque 1083. The cells were lysed and used 

after freeze thaw cycles. Cyclooxygenase catalyse the synthesis of prostaglandins 

from arachidonic acid. The mononuclear cells isolated from carrageenan induced rat 

showed significant increase in COX activity compared to normal rats. While the 

kashayam treated groups showed significant decrease in COX activity with respect 

to carrageenan treated groups. 

Edema formation in the paw of animals is the cumulative effect of various 

inflammatory mediators (Jill C. et al, 2012). In this study also acute inflammation 

was generated in rat paw by using carrageenan strong agent that release 

inflammatory and proinflammatory mediators prostaglandins, leukotrienes, 

histamine, bradykinin, TNF-α (Emre Karakus et al, 2013) and produce acute 
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inflammation as observed in paw edema of rats. Function of COX involves action on 

membrane phospholipids to produce prostaglandins which is required for normal 

tissue homeostasis.  

 
 

 

 

 

 

7.1.5. Effect of BgK, PuK, GuK on 5 LOX & 15 LOX activity in mononuclear 
cells of carrageenan induced rats 

5-LOX and 15-LOX activity in mononuclear cells were studied and found 

that the activity of both enzymes were increased significantly (p<0.05) in 

carrageenan alone induced groups with respect to the control groups. Kashayam 

treated rats showed decreased 5-LOX and 15-LOX activities (p<0.05) similar to that 

of indomethacin(fig.4). Through oxidation of arachidonic acid 5-lipoxygenase 

generate leukotriene (LT) A4 (Laidlaw et al, 2015) an unstable intermediary LTA4. 

Conversion of LTA4 to LTC4 in mast takes place in cells, basophils, eosinophils, 

and monocytes. Thus overstimulation of these enzymes activities during 

inflammation resulted in the accumulation of inflammatory mediators which are 

regulated by the anti-inflammatory mechanism of kashayams. 

Fig 3. Activity of cyclooxygenase. Values expressed as average of six rats ± SEM in each 
group. Group I: control; Group II: rats were given 0.1 ml 1% carrageenan; group III: 0.1 ml 
carrageenan + Balaguluchiadi ; Group IV: rats were given 0.1 mL 1% carrageenan + 
punarnavadi ; Group V : 0.1ml carrageenan+guggulutiktam and Group VI: rats were given 0.1 
mL 1% carrageenan + indomethacin. a - statistical significance compared with control at p < 
0.05; b- statistical significance compared with carra group at p < 0.05. 
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. 

7.1.6. Effect of BgK, PuK, GuK on NOS activity in mononuclear cells of 
carrageenan induced rats 

The effect of three kashayams on nitric oxide synthase (NOS) activity was 

studied in isolated mononuclear cells. The activity of NOS was significantly (p< 

0.05) increased in carrageenan-induced rats when compared with the normal group. 

Therapeutic administration of kashayams showed significant (p < 0.05) decrease in 

the activity when compared to carrageenan induced group (fig. 5) 

Fig.4.  Activity of 5-lipoxygenase and 15-lipoxygenase. Values expressed as average of 
six rats ± SEM in each group. Group I: control; Group II: rats were given 0.1 ml 1% 
carrageenan; group III: 0.1 ml carrageenan + Balaguluchiadi ; Group IV: rats were given 0.1 
mL 1% carrageenan + punarnavadi ; Group V : 0.1ml carrageenan+guggulutiktam and 
Group VI: rats were given 0.1 mL 1% carrageenan + indomethacin. a - statistical 
significance compared with control at p < 0.05; b- statistical significance compared with 
carra group at p < 0.05 
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7.1.7 Effect on myeloperoxidase activity (MPO) and malondialdehyde (MDA) 

in paw tissues of carrageenan induced acute inflammatory rats. 

Myeloperoxidase (MPO) is a powerful proinflammatory enzyme considered 

as a biomarker of neutrophil activity. The effect of kashayams on activity of MPO in 

paw tissue was significantly (p < 0.05) increased in carrageenan-induced rats when 

compared to the normal group (Table 3). Kashayam treated group showed 

significant (p < 0.05) inhibition in MPO activity when compared to the carrageenan 

induced rats. The degranulation and tissue damage are directly related and steady 

rise in myeloperoxidase activity in carrageenan induced rats prompted to tissue 

damage. In the paw tissues myeloperoxidase activity was declined that indirectly 

inferred lowest neutrophil infiltration a cellular event of acute inflammation by the 

administration of kashayams so as to promote healing process in tissues. The result 

on myeloperoxidase in the paw skin, demonstrated that polyherbal formulations 

inhibits carrageenan-induced leukocyte recruitment irrespectively of the tissue or 

Fig.5. Activity of NOS. Values expressed as average of six rats ± SEM in each group. Group I: 
control; Group II: rats were given 0.1 ml 1% carrageenan; group III: 0.1 ml carrageenan + 
Balaguluchiadi; Group IV: rats were given 0.1 mL 1% carrageenan + punarnavadi; Group V : 0.1ml 
carrageenan+guggulutiktam and Group VI: rats were given 0.1 mL 1% carrageenan + indomethacin. a 
- statistical significance compared with control at p < 0.05; b- statistical significance compared with 
carra group at p < 0.05. Units [1 nmol of NO produced/min at 37°C] 
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cavity and catalyzes hypochlorous acid formation and thus acts as oxidative stress 

marker. 

 

Groups                          TBARS (nmoles /mg tissue)               MPO activity                             

 

   Con                               51.72 ±3.23                                     461.08 ±17.20 

Carra                                84.01±3.05a                                                 2870 ± 1.060a 

Carra+BgK                      63.79± 2.37ab                                             512.00 ± 19.09ab 

Carra+PuK                      60.57±2.18ab                                              516.00 ± 17.25ab 

Carra+GuK                     59.82± 2.2ab                                                637.17 ± 23.85ab 

Carra+Ind                       63.55±2.36ab                                               494.00 ± 18.35ab 

 

 

 

 

 

The effect of kashayams on level of MDA was measured in terms of thiobarbituric 

acid reactive substances. The concentration of TBARS (Table-3) shows lipid 

peroxidative status of treatment groups and carrageenan induced group. It was 

observed that TBARS level was increased significantly (p<0.05) in carrageenan 

induced rats and decreased in kashayam treated groups. MDA a lipid peroxidation 

marker which rises (p<0.05) during acute inflammatory condition due to the 

depletion in antioxidant enzyme activities has been thus declined. 

7.1.8. Effect on antioxidant enzymes in paw tissues of carrageenan induced 
acute inflammatory rats 

The effect of kashayams on superoxide dismutase (SOD), catalase (CAT) 

and glutathione peroxidase (GPx) (fig6) activities were measured in paw tissues. 

Significant reduction (p<0.05) in the activity of all three enzymes were noticed in 

carrageenan-induced rats when compared to the control rats. At the same time 

administration of kashayam showed significant increase (p<0.05) in the activities of 

all these antioxidant enzymes than the carrageenan-induced rats. The first line of 

Table 3: Effect of BgK, PuK and GuK on MDA level and myeloperoxidase activity One unit of MPO 
activity defined as that degrading 1 mmole of peroxide per minute at 25°C. Activity of MDA measured in 
terms of thiobarbituric acid released. Values expressed as average of six rats ± SEM in each group. Group 
I is control; Carra group II rats were given 0.1 ml 1% carrageenan; the three treated groups were given 
kashayams 2ml/kgbwt and the indomethacin treated rats were given 0.1 mL 1% carrageenan + 
indomethacin. a statistical significance compared with control and b – significance compared with carra 
group. 
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antioxidant defense mechanism by endogenous enzymes got activated by kashayam 

administration. SOD catalysed dismutation of superoxide anions to hydrogen 

peroxide lowering the steady-state level of O2 and oxidative stress environment was 

thus neutralized by kashayams. 

 

 

 

 

 

 

 

The influence of BgK, PuK and GuK on antioxidant enzyme glutathione 

reductase were also studied. Carageenan induced acute inflammatory group II 

showed a decrease (p<0.05) in glutathione reductase activity and thus a decrease in 

antioxidant property in acute inflammatory model. At the same time enzymatic 

activity was higher (p<0.05) in three kashayam treated groups and comparable to the 

positive control indomethacin. Catalase acted on hydrogen peroxide producing a less 

hazardous environment in the tissues otherwise will lead to a chronic condition. 

Accumulating evidences showed the generation of ROS in tissues during 

inflammatory condition was due to the downregulation of these antioxidant enzymes 

and the situation has been handled by the polyherbal formulation by the activation of 

GPx that converts GSH to GSSG creating a nontoxic environment by preventing 

membrane oxidative damage. 

Fig 6: A. Activity of antioxidant enzymes Superoxide dismutase (SOD), Catalase (CAT), 
Glutathione perooxidase. Values expressed as average of six rats ± SEM in each group. Group 
I: control; Group II: rats were given 0.1 ml 1% carrageenan; group III: 0.1 ml carrageenan + 
Balaguluchiadi ; Group IV: rats were given 0.1 mL 1% carrageenan + punarnavadi ; Group V : 
0.1ml carrageenan+guggulutiktam and Group VI: rats were given 0.1 mL 1% carrageenan + 
indomethacin. a - statistical significance compared with control at p < 0.05; b- statistical 
significance compared with carra group at p < 0.05. Enzyme concentration to inhibit chromogen 
production (OD 560 nm) by 50% in 1 minute is 1 unit of SOD and CAT activity, while 1 mmol 
NADPH oxidized/ min for GPx. 
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.   

 

 

 

7.1.9. Effect of BgK, PuK, GuK on TNFα and IL10 level in paw tissues of 
carrageenan induced acute inflammatory rats. 

TNF α and IL-10 in paw tissues were determined by ELISA. TNFα level is 

reduced in BgK, PuK and GuK administered group while significant increase in 

carrageenan induced diseased one (p<0.05) and is comparable with indomethacin 

treated group. In the case of anti-inflammatory cytokine IL-10 the opposite effect 

has been noticed. The amount of IL-10 is significantly reduced in carrageenan 

treated groups when compared to control rats and kashayam treated rats show 

significant (p<0.05) increase in its level (fig 7). Inflammatory cells infiltration 

occurred into the paw region which was the site of inflammation and the release of 

pro and anti-inflammatory cytokines mediated by these cells were kept controlled by 

the pretreatment with kashayams. 

Fig 6: B. Activity of glutathione reductase. I unit =1 mmol NADPH oxidized/ min/mg protein. 
Values expressed as average of six rats ± SEM in each group. a statistical significance compared 
with Group I at p < 0.05; b statistical significance when Group II compared with Groups III, IV, V 
and VI at p < 0.05 
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7.1.10. Effect of kashayams on NFκB translocation in paw tissues of 
carrageenan induced acute inflammatory rats. 

The effect of kashayams on transcription factor NFκB was studied by 

quantifying the subunit that was translocated during activation. A significant rise 

(p<0.05) in the translocation of p65 subunit of NFκB towards the nucleus of carra 

alone groups as its quantity present was elevated (p<0.05) when compared to the 

control normal rats. On the contrary significant reduction (p<0.05) in translocation 

was observed for the kashayams administered groups as compared to carra alone 

Fig 7. Quantity of TNFα and IL 10 formed during acute inflammation. A- Level of TNFα and IL-10 
in the paw tissue of rats were determined by ELISA. B &C total mRNA was isolated from paw tissues 
and mRNA expression pattern obtained as in Fig. 8 B.   The quantitative datas for expression pattern 
denoted graphically in 8 C. Values expressed as average of 6 rats ± standard error of the mean in each 
group.  Group I: normal; Group II: rats were given 0.1 ml 1% carrageenan; Group III: 0.1 ml 
carrageenan + Balaguluchiadi; Group IV: rats were given 0.1 ml 1% carrageenan + punarnavadi; Group 
V: 0.1ml carrageenan+guggulutiktam and Group VI: rats were given 0.1 ml 1% carrageenan + 
indomethacin. a statistical significance compared with Group I at p < 0.05; b statistical significance 
when Group II compared with Groups III, IV, V and VI at p < 0.05. 
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induced groups. This proved the control of proinflammatory cytokines transcription 

by kashayams through the inhibition of p65 subunit translocation. 

 

 

 

 

 

 

 

 7.2.  Experiment II. Antiarthritic effect of BgK, PuK and GuK in CIA rats. 

7.2.1. Effect of kashayams on paw edema,  paw volume, arthritis index, and 
body weight  in CIA rats .          

In order to found out  the changes brought about with 45 days of BgK, PuK 

and GuK  treatment in CIA rats both clinical features and internal variations of paw 

tissues were assessed. Radiological images in Fig 9 A showed significant changes 

(p<0.05) in bone structure and marked inflammation in paw and joints of CIA rat on 

comparison with normal rats. Whereas in treatment groups a significant decrease 

(p<0.05) in pathological signs of RA like joint deformation, inflammation in paw  

has occurred which showed the therapeutic efficiency of polyherbal formulations 

kashayams. As in Fig 9 B & C RA symptoms significantly generated in rats induced 

with type II collagen from higher paw edema to arthritic scores (p<0.05) compared 

with normal rats. RA symptoms appeared from 14th day of immunization and its 

severity goes on increasing. Paw volume was measured using a paw edema meter 

Fig 8. Effect of kashayams on NFκB translocation in paw tissue.  Values expressed as average of 
six rats ± SEM in each group. Group I: control; Group II: rats were given 0.1 ml 1% carrageenan; 
group III: 0.1 ml carrageenan + Balaguluchiadi ; Group IV: rats were given 0.1 mL 1% carrageenan + 
punarnavadi ; Group V : 0.1ml carrageenan+guggulutiktam and Group VI: rats were given 0.1 mL 1% 
carrageenan + indomethacin. a - statistical significance compared with Group I at p < 0.05; b-statistical 
significance when Group II compared with Groups III, IV, V and VI at p < 0.05. 
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and depending on the spread of inflammation from paw digits towards the cartilage 

score has been assigned for each symptoms with the help of a blind observer. Score 

0- absence of edema, inflammation, redness, 1- mild edema and inflammation in 

only one paw, 2- mild to moderate edema in both paw digits, inflammation, redness, 

3- edema, inflammation and redness spread to the whole paw, 4- all the symptoms 

appeared in the joints, animals unable to move. Each score reached maximum up to 

16 i.e. total scores individual score x 4. Treatment with BgK, GuK, PuK and IND 

significantly reduced the paw volume and arthritis score (p<0.05) when compared to 

CIA rats. As given in Fig9 D body weight changes were taken during this 

experimental period and a significant weight loss in CIA rats (p<0.05) compared to 

normal rats were observed. 

 

 

  

 

                  

CIA+BgK CIA+GuK           CIA+PuK CON  CIA CIA+IND 
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Fig.9. Paw edema, Paw volume , Arthritis index and body weight changes by kashayams 
administration -The effect of Kashayams BgK, PuK, and GuK studied on collagen induced 
arthritc rats for a period of 45 days and from arthritic scores determined arthritc index. A- 
represents the radiological images of rat paw belonging to normal, diseased and treated groups. 
B- Paw volume changes during the treatment period starting from day. C- 14 days after 
primary immunisation in all groups except the normal both paw volume and arthritis index 
rises. Treatment with BgK, PuK, GuK and positive control IND started from 14th day and 
continued for 45 days. D-Body weight changes in CIA and kashayam treated CIA groups 
during the treatment period. a -represents statistical significance at p<0.05 when compared to 
con(normal) group and b represents significance at p<0.05 when compared to collagen induced 
arthritic (CIA) groups. Datas were expressed as the mean ± SEM from six separate 
experiments. 
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Administration of kashayams at a dose of 2ml/kgbwt the weight loss was 

regained in all treatment group which was a significant change with respect to CIA 

rats (p<0.05). Thus one of the physiological condition of body weight loss in RA 

was therapeutically managed by the three kashayams. 

7.2.2. Effect of kashayams in thymus and spleen of CIA rats. 

To study the immune regulatory effect of BgK, PuK and GuK on lymphoid 

organs spleen and thymus index were calculated from organ weight. In collagen 

induced arthritic condition index of spleen and thymus significantly raised (p<0.05) 

when compared to control rats. Meantime after kashayam administration the spleen 

and thymus index downturn was significant (p<0.05) compared to CIA rats which 

was similar to treatment with IND. The increased spleen index and thymus index in 

CIA rats and reverse effect in treatment groups indicated the active immune 

response in CIA rats due to the pathological interventions stimulating both spleen 

and thymus for immune cells development. At the same time steady decline in index 

showed immune regulation by traditional formulation in a chronic inflammatory 

condition of RA. 
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7.2.3. Effect on serum arthritic biomarkers in CIA rats. 

The effect of kashayams on serum arthritic biomarkers were studied and 

rheumatoid arthritis biomarkers like rheumatoid factor (RF) C-reactive protein 

(CRP) and anti CCP values estimated showed significant elevation (p<0.05) in CIA 

a 

Fig. 10. Thymus and Spleen index of CIA rats and kashayam treated rats. Thymus index and 
spleen index of CIA rats and BgK, PuK, GuK, IND treated CIA rats were calculated using the 
formula “organ weight(mg)/body weight (g)” after 45 days of treatment. Control Group I, CIA 
Group rats were given 400μg type II collagen, three kashayam treated groups CIA + BgK, CIA+PuK 
and CIA+GuK were given 2ml/kgbwt of kashayam and IND treated groups 3mg/kg bwt 
indomethacin daily for 45 days after arthritis induction with collagen. a- statistical significance 
compared with con p < 0.05; b- statistical significance compared with CIA at p < 0.05.  
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rats when compared to normal rats. At the same time the application of BgK, PuK, 

GuK in CIA rats had bought a reverse change by significantly loweing (p<0.05) 

these markers amount as compared to CIA rats.  

Groups    RF(mg/ml)   CRP(mg/ml) anti CCP(IU/ml) 

Con 
CIA 
CIA+BgK 
CIA+PuK 
CIA+GuK 
CIA+IND 

6.27±0.23 
28.00± 1.04a 
8.75±0.32ab 

7.60 ±0.28ab 
9.56 ±0.35ab 
7.43 ±0.27ab 
 

15.37±0.57 
44.07±1.64a 
17.77±0.66ab 
18.29±0.68ab 
16.75±0.62ab 
17.42±0.64ab 

12.3 ± 00.45 
148.3± 57.44a 
50.1 ± 1.99ab 
54.2 ± 2.09ab 
45.7 ± 1.97ab 
43.0 ± 1.60ab 

 

 

 

 

 

Biochemical markers like C reactive protein (CRP) and rheumatoid factor 

(RF) were measured to correlate with the rapid and severe progression of joint 

damage. Persistently high CRP levels are associated with substantial progression in 

chronic inflammation and joint damage in CIA groups. Likewise, the pathogenic 

role played by RF as an autoantibody in rheumatoid arthritis cannot be ruled out, as 

our study showed remarkable rise in its level. Contradictory results produced by 

kashayam administration shall be attributed to its therapeutic potential by slow 

retrieval from its pathological state.  

 

7.2.3. Effect of kashayams on total COX activity and COX-1, COX-2 inhibition 
in mononuclear cells of CIA rats. 

Peripheral blood mononuclear cells were isolated and total COX activity in it 

was assessed, a significant elevation (p<0.05) in total COX activity compared to 

normal control rats were noticed. In kashayam treated and indomethacin treated rats 

its activity significantly goes down (p<0.05) thus inhibiting progression of 

inflammation. COX-1 and COX-2 together constitute total COX activity and in this 

Table 4. Effect of kashayams on serum arthritic parameters in CIA rats. Control Group I, CIA 
Group rats were given 400µg type II collagen, three kashayam treated groups CIA + BgK, CIA+PuK 
and CIA+GuK were given 2ml/kgbwt of kashayam and IND treated groups 3mg/kg bwt 
indomethacin daily for 45 days after arthritis induction with collagen a - statistical significance 
compared to control at p < 0.05; b-statistical significance compared to CIA at p < 0. 05. Values were 
expressed as average of six rats ± SEM in each group.  
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study as the total COX activity was decreased by kashayams in chronic stages 

without harming any physiological responses.  

0

5

10

15

20

25

30

Con CIA CIA+ BgK CIA+PuK CIA+ GuK CIA+IND

O
D
 s
hi
ft
/m

in
/m

gp
ro
te
in

Total COX activity

ab

ab
ab

ab

a

   

 

 

 

 

 

 

 

U 

 

 

 

 

Using COX-2 and COX-1 inhibitor Dup-697, SC-560 activity of one of the 

enzyme were blocked and retained enzyme were assayed. The process repeated to 

get % inhibition value. Thus total COX-2 inhibition value for CIA was significantly 

lower (p<0.05) compared to control rats, while kashayam treated and IND treated 

rats exhibited significantly higher % of inhibition compared to CIA rats. Although 

total COX activity inhibition was rised (p<0.05) in three treated groups along with 

IND group, greater COX-2 inhibition was exerted by BgK, PuK, GuK than IND 

Fig 11. Effect of kashayams on total COX activity and inhibition in CIA rats. Cells lysed by 
freeze thaw cycle used for assay. Control Group I, CIA Group rats were given 400µg type II 
collagen, three kashayam treated groups CIA + BgK, CIA+PuK and CIA+GuK were given 
2ml/kgbwt of kashayam and IND treated groups 3mg/kg bwt indomethacin daily for 45 days after 
arthritis induction with collagen a - statistical significance compared to control rat p < 0.05; b-
statistical significance compared to CIA at p < 0.05. Values were expressed as average of six rats ± 
SEM in each group. 
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group. IND group displayed equal inhibition of COX-1 and COX-2 activities. Of the 

total COX activity, the contribution role of each COX when determined by the 

inhibition study had modulatory effect by kashayam. Lower inhibition in diseased 

stage that mediated all other chronic inflammatory stages but the condition altered 

aggravating the inhibition of COX-2 by the kashayams without harming 

housekeeping COX-1. Decrease in COX-2 inhibition in CIA model was similar as 

explained by Vrinda et al (Vrinda et al, 2016)). On the contrary inhibition rate 

moderated by conventional NSAID IND that produced gastro-intestinal infection 

which was discussed elsewhere in our study.   

7.2.4. Effect of kashayams on LOX activity in mononuclear cells of CIA rats. 

Anti-inflammatory effect of BgK, PuK & GuK on LOX activity were studied 

by determining 5 LOX and 15 LOX activity in mononuclear cells isolated from 

blood by density gradient centrifugation. In CIA rats both 5LOX and 15LOX 

enzyme activities were significantly higher compared to control group, at the same 

time the enzyme activities were significantly inhibited (p,0.05) by the kashayams 

likewise indomethacin.  

 

 

 

 

 

Fig 12. Effect of kashayams on LOX activity in mononuclear cells of CIA rats Control Group 
I consists of normal rats; Group II: rats were given 0.1 ml 1% type II collagen; group III: CIA+ 
Balaguluchiadi; Group IV: rats were given CIA+ punarnavadi ; Group V : 0.1ml 
CIA+guggulutiktam and Group VI: rats were given 0.1 mL CIA + indomethacin. a - statistical 
difference compared with Group I at p < 0.05; b-statistical difference when Group II compared 
with Groups III, IV, V and VI at p < 0.05. Values expressed as average of six rats ± SEM in each 
group 
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5-LOX enzymes are another set of enzymes whose target of action were 

membrane phospholipids and synthesize leukotrienes which are potent 

proinflammatory mediators (Masferrer JL et al, 2010). 5-lipoxygenase is reported to 

be present in RA synovium and mostly expressed in neutrophils and mast cells in the 

sublining layer (Karina Roxana Gheorghe et al, 2009) and in rat mononuclear cells 

during chronic inflammatory conditions (Viji Vijayan, et al, 2011). The retarded 

activity of 5-LOX by kashayam ameliorates release of chemical mediators like 

LTB4 that controlled the overexpression of TNF-α and other proinflammatory 

cytokines otherwise leading to a chronic inflammatory environment. 

7.2.5. Effect of kashayams on NOS activity    

The effect of three kashayams on nitric oxide synthase (NOS) activity was 

studied in isolated mononuclear cells. The activity of NOS was significantly (p < 

0.05) increased in collagen-induced arthritic rats when compared with the normal 

group. Therapeutic administration of kashayams showed significant (p < 0.05) 

decrease in the activity when compared to diseased CIA group fig 14.  

 

 

 

 

 

Fig 13. Effect of kashayams on NOS activity in mononuclear cells of CIA rats. Control Group 
I consists of normal rats, CIA Group rats were given 400µg type II collagen, three kashayam 
treated groups CIA + BgK, CIA+PuK and CIA+GuK were given 2ml/kgbwt of kashayam and IND 
treated groups 3mg/kg bwt indomethacin daily for 45 days after arthritis induction with collagen a 
- statistical significance compared to control rats p < 0.05; b-statistical significance compared to 
CIA at p < 0.05. Values were expressed as average of six rats ± SEM in each group 
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7.2.6. Effect of kashayams on MPO activity and TBARS level in CIA rat.  

Rate of neutrophil infiltration indicated by the myeloperoxidase (MPO) 

activity was increased significantly (p,0.05) in the cartilage tissue of CIA rats (Table 

5). Kashayam treated group showed significant (p < 0.05) inhibition in MPO activity 

when compared to the type II collagen induced arthritic rats. The effect produced by 

positive control indomethacin were also similar and comparable to the kashayam 

treated groups. The level of MDA was measured in terms of thiobarbituric acid 

reactive substances. (TBARS) The concentration of TBARS (Table-5) shows lipid 

peroxidative status of the experimental groups. It was observed that TBARS level 

was increased significantly (p<0.05) in CIA rats as compared to normal control rats 

and decreased significantly in kashayam treated and indomethacin treated groups.     

Groups                 MPO 
(µmoles/min/mgprotein)

    TBARS  
(U/mg tissue) 

Con 
CIA 
CIA+ BgK 
CIA+ PuK 
CIA+ GuK 
CIA+ IND 

        256.25 ± 23.38 
        543.25 ± 49.51a 
        299.12 ± 28.03ab 
        301.00± 29.10ab 
        313.00± 30.75ab           
        273.62± 25.05ab 

04.643 ± 0.17              
49.005 ± 1.82a 
10.803 ± 0.40ab 
13.899 ± 0.51ab 
12.443 ± 0.46ab 
12.566 ± 0.46ab 

 

 

 

 

 

 

MDA is an important marker of lipid peroxidation and inflammatory 

condition generated due to oxidative stress in disease induced condition produce 

membrane destruction. While decrease of MDA in treated group was an oxidative 

stress relieving condition with protective status. 

 

 

 

Table 5- Effect of kashayams on MPO activity and TBARS level in CIA rat. Cartilage of rats 
were isolated after 45days of treatment with kashayams. One unit of MPO activity defined as that 
degrading 1 mmole of peroxide per minute at 25°C. Activity of MDA measured in terms of 
thiobarbituric acid released. Control Group I consists of normal rats, CIA Group rats were given 
400µg type II collagen, three kashayam treated groups CIA + BgK, CIA+PuK and CIA+GuK 
were given 2ml/kgbwt of kashayam and IND treated groups 3mg/kg bwt indomethacin daily for 
45 days after arthritis induction with collagen a - statistical significance compared to control rats 
p < 0.05; b-statistical significance compared to CIA at p < 0.05. Values were expressed as 
average of six rats ± SEM in each group 
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7.2.7. Effect of kashayams on SOD activity in various tissues of CIA rats. 

Antioxidant effect of kashayams were studied in arthritic rats whose 

symptoms arose 14 days after primary immunization and treatment followed for 45 

days before euthanasia. Liver, cartilage and spleen tissues antioxidant status 

analysed by measuring superoxide dismutase activity. Significant (p<0.05) in the 

activity of SOD in liver, cartilage, spleen tissues of CIA rats were observed at the 

same time BgK, PuK, GuK, IND administered groups showed significant increase 

(p<0.05) in the activity. Antioxidant efficiency of kashayams enhancing the SOD 

activity were discussed in acute inflammatory condition, here also SOD action on 

superoxide anion radical and conversion to less toxic molecule was promoted by 

kashayams.  
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7.2.8. Effect of kashayams on CAT activity in various tissues of CIA rats 

Catalase (CAT) (fig16) activity in cartilage, spleen and liver tissue of 

diseased groups were significantly reduced when compared with the control rats. 

Administration of kashayam showed significant increase in tissues enzyme activity 

in all treated groups as compared to CIA group.  

Fig 14. Effect of kashayams on SOD activity Control Group I consists of normal rats, CIA Group 
rats were given 400µg type II collagen, three kashayam treated groups CIA + BgK, CIA+PuK and 
CIA+GuK were given 2ml/kgbwt of kashayam and IND treated groups 3mg/kg bwt indomethacin 
daily for 45 days after arthritis induction with collagen. a - statistical significance compared to control 
rats p < 0.05; b-statistical significance compared to CIA at p < 0.05. Values were expressed as 
average of six rats ± SEM in each group. 1 unit of SOD is the enzyme concentration to inhibit 
chromogen production by 50% in 1 minute
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7.2.9. Effect of kashayams on Gpx activity in tissues of CIA rats. 

Another ROS scavenger studied in spleen, cartilage and liver was glutathione 

peroxidase that converts hydrogen peroxide and lipid peroxide in to less reactive 

molecule. In order to investigate the antioxidant effect of kashayams on glutathione 

peroxidase activity was investigated (Fig 17) and Gpx activity significantly retarded 

(p<0.05) in arthritic rats on comparison with normal control rats meantime upon 

kashayam administration for a period of 45 days elevated enzyme activity in 

significant rate (p<0.05) same to that positive control. Thus the impairment in Gpx 

activity leads to damage in lipid level in membranes and also protein activity while 

the kashayams were able to defend the antioxidant activity of enzyme.  

ab

ab

ab

ab

Fig. 15. Effect of kashayams on CAT activity Control Group I consists of normal rats, CIA Group rats 
were given 400µg type II collagen, three kashayam treated groups CIA + BgK, CIA+PuK and CIA+GuK 
were given 2ml/kgbwt of kashayam and IND treated groups 3mg/kg bwt indomethacin daily for 45 days 
after arthritis induction with collagen a - statistical significance compared to control rats p < 0.05; b-
statistical significance compared to CIA at p < 0.05. Values were expressed as average of six rats ± SEM in 
each group. 1 unit of CAT activity is the enzyme concentration to inhibit chromogen production by 50% in 
1 minute. 
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7.2. 10. Effect of kashayams on GR activity in tissues of CIA rats 

Antioxidant activity of Glutathione reductase (GR) in liver, spleen and 

cartilage displayed a significant reduction (p<0.05) in CIA rats when compared to 

normal rats. On the contrary treatment with kashayam showed a marked rise 

(p<0.05) in GR activity as compared to arthritic groups thus presenting significant 

antioxidant property. GR an oxidative stress inducible enzyme, plays a significant 

role in the peroxyl scavenging mechanism and in maintaining functional integration 

of the GSH. cell membranes Glutathione reductase dependent on NADPH and 

catalyzes the reduction of GSSH. 
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Fig 16.  Effect of kashayams on Gpx activity Control Group I consists of normal rats, CIA 
Group rats were given 400µg type II collagen, three kashayam treated groups CIA + BgK, 
CIA+PuK and CIA+GuK were given 2ml/kgbwt of kashayam and IND treated groups 3mg/kg 
bwt indomethacin daily for 45 days after arthritis induction with collagen a - statistical 
significance compared to control rats p < 0.05; b-statistical significance compared to CIA at p < 
0.05. Values were expressed as average of six rats ± SEM in each group. 1 mmol NADPH 
oxidized/ min for GPx.

aba



 
53 
 

 

 

 

 

 

7.2.11. Effect of kashayams on GSH level in tissues of CIA rats 

Th effect of kashayams on GSh level in tissues were found out. Quantity of 

GSH released indicate the antioxidant status of the tissue. In this study CIA group 

produced significantly lower (p<0.05) amount of GSH in experimental tissues when 

compared with normal groups. Likewise, the production elevated significantly 

(p<0.05) in the case of kashayam treatment groups as compared to CIA and 

indomethacin group exhibited same pattern as kashayams. The function of GSH 

involves scavenging of active radicals to inhibit chain initiation and break chain 

propagation reactions of free radicals. As the Gr activity increased by action of 

kashayams its product GSH level also increased thus showing a health restoration 

tissue wise by maintaining oxidant/antioxidant balance. 

 

 

 

 

 

a
b 

Fig 17. Effect of kashayams on Gr activity: Control Group I consists of normal rats, CIA 
Group rats were given 400µg type II collagen, three kashayam treated groups CIA + BgK, CIA+PuK and 
CIA+GuK were given 2ml/kgbwt of kashayam and IND treated groups 3mg/kg bwt indomethacin daily for 
45 days after arthritis induction with collagen a - statistical significance compared to control rats p < 0.05; 
b-statistical significance compared to CIA at p < 0.05. Values were expressed as average of six rats ± SEM 
in each group. 1U=μmols NADPH oxidized/min/mgprotein 
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Groups Spleen GSH 
µmoles/mg tissue 

Liver GSH 
µmoles/mg 

tissue 

Cartilage GSH 
µmoles/mg tissue 

 
Con 
CIA 
CIA+ BgK 
CIA+ PuK 
CIA+ GuK 
CIA+ IND 

0.86±0.03 
0.43±0.01a 
0.73±0.01ab 
0.75±0.02ab 
0.78±0.01ab 
0.64±0.02ab 

5.51±0.20 
1.97±0.03a 
4.81±0.19ab 
4.85±0.18ab 
4.10±0.12ab 
4.49±0.16ab 

0.046±0.0094 
0.022±0.0074a 
0.037±0.0034ab 
0.038±0.0029ab 
0.036±0.0020ab 
0.032±0.0033ab 

Table.6. Effect of kashayams on GSH level in tissues of CIA rats Control Group I consists of 
normal rats, CIA Group rats were given 400µg type II collagen, three kashayam treated groups CIA + 
BgK, CIA+PuK and CIA+GuK were given 2ml/kgbwt of kashayam and IND treated groups 3mg/kg 
bwt indomethacin daily for 45 days after arthritis induction with collagen a - statistical significance 
compared to control rats p < 0.05; b-statistical significance compared to CIA at p < 0.05. Values were 
expressed as average of six rats ± SEM in each group.  

7.2. 12. Effect of kashayams on liver toxicity in CIA rats 

Liver toxicity parameters like alanine amino transferase (ALT), aspartate 

amino transferase (AST) alkaline phosphatase (ALP) and gammaglutamyl 

transferase (GGT) were measured in serum of all the rats, and there were significant 

rise (p<0.05) in enzyme activity in CIA rats as compared to normal rats. Upon 

kashayam and indomethacin administration the respective groups showed significant 

alleviation (p<0.05) in enzyme activity.  

Groups ALT (IU/ml) 
 

AST(IU/ml) ALP (IU/ml) GGT (IU/ml) 

Con 
CIA 
CIA+BgK 
CIA+GuK 
CIA+PuK 
CIA+IND 

22.55 ± 0.84 
55.35 ± 2.06a 
29.72 ± 1.10 ab 
30.75 ± 1.14ab 
32.80 ± 1.22ab 
37.92 ± 1.41ab 

129.15 ±4.81 
151.67 ± 5.61a 
132.22 ± 4.92ab 
133.25 ± 4.96ab 
131.20 ± 4.88ab 
135.30 ± 5.04ab 

94.30 ± 3.51 
131.20 ± 4.88a 
105.57 ± 3.93ab 
116.85 ± 4.35ab 
114.80 ± 4.27ab 
121.97 ± 4.54ab 

3.40±0.13 
10.57±0.39a 
4.67±0.17ab 
4.43±0.16ab 
4.82±0.18ab 
5.24±0.21ab 

 

 

 

 

 

In this study since kashayams is a polyherbal formulation due to the presence 

of multiple herbs with numerous active principles the hepatotoxicity arose from type 

II collagen was tackled in treatment group more efficiently than NSAID 

indomethacin. It was also correlated with the antioxidant property of kashayams that 

Table 7. Effect of kashayams on liver toxicity in CIA rats. Control Group I consists of normal rats, CIA 
Group rats were given 400µg type II collagen, three kashayam treated groups CIA + BgK, CIA+PuK and 
CIA+GuK were given 2ml/kgbwt of kashayam and IND treated groups 3mg/kg bwt indomethacin daily 
for 45 days after arthritis induction with collagen a - statistical significance compared to control rats p < 
0.05; b-statistical significance compared to CIA at p < 0.05. Values were expressed as average of six rats ± 
SEM in each group 



 
55 
 

improved antioxidant status of the treated rat tissues as in our earlier studies that 

promote the protective effect.  

7.2.13. Effect of kashayams on serum creatinine, urea and uric acid in CIA rats 

Serum creatinine, urea and uric are the toxicity markers of kidney. So 

impaired function of kidney was indicated by abnormal level of these parameters. 

When its presence in blood serum of collagen induced arthritic rats was investigated 

a significant increase (p < 0.05) when compared to normal rats was noticed. In 

kashayam given group a significant lowering (p < 0.05) of these parameters as 

compared to the type II collagen induced rats was observed and this lowering was 

similar to indomethacin treated groups. 

Groups Creatinine (mg/dL) Urea (mg/dL) Uric acid (mg/dL) 
Con 
CIA 
CIA+BgK 
CIA+GuK 
CIA+PuK 
CIA+IND 

0.46 ± 0.017 
1.59 ± 0.059a 
0.55 ± 0.020ab 
0.52 ± 0.019ab 
0.51 ± 0.019ab 
0.57 ± 0.021ab 

59.45 ± 2.2 
68.81 ± 2.5a 
62.69 ± 2.3ab 
60.87 ± 2.2ab 
64.11 ± 2.2ab 
62.52 ± 2.3ab 

2.87 ± 0.10 
5.12 ± 0.19a 
3.48 ± 0.12ab 
3.38 ± 0.12ab 
4.30 ± 0.16ab 
2.94 ± 0.09ab 

 

 

 

 

In a recently published work Choe et al (Choe JY et al, 2015) discussed on 

relation between serum uric acid concentration with RA symptoms of joint pain and 

deposition of urate crystals similarly in this study collagen induction increased 

serum uric acid concentration. Evidenced from lot of works (Manish et al, 2016) 

suggested the nephroprotective role played by a number of polyherbal formulations. 

However, BgK, PuK and GuK also exhibited a renal beneficiary role as indicated by 

the renal functional enzymes activities that are all normalized  

7.2.14. Histopathology of synovial joint 

The synovial joints of CIA rats and RA treated rats by the administration of 

kshayams for a period of 45 days showed marked differences between each other. 

The symptoms of arthris include bone erosion, cartilage tissue degradation, synovial 

hyperplasia and pannus formation were checked in these samples. The control rats 

Table 8. Effect of kashayams on serum creatinine, urea and uric acid in CIA rats Control 
Group I consists of normal rats, CIA Group rats were given 400µg type II collagen, three kashayam 
treated groups CIA + BgK, CIA+PuK and CIA+GuK were given 2ml/kgbwt of kashayam and IND 
treated groups 3mg/kg bwt indomethacin daily for 45 days after arthritis induction with collagen a - 
statistical significance compared to control rats p < 0.05; b-statistical significance compared to CIA 
at p < 0.05. Values were expressed as average of six rats ± SEM in each group 
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had normal tissue arrangement and cell infiltration at the same time untreated 

diseased CIA rats showed higher cell infiltration with stronger bone erosion and 

synovial hyperplasia. The long term retained disease symptoms resulted in pannus 

formation and all these signs of Ra were alleviated by the administration of BgK, 

PuK, GuK for a period of 45 days at a concentration of 2ml/kgbwt showed lesser 

cell infiltration. 
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Fig 18. Histoscores of synovial joint in CIA rats. CI – cell infiltration, SyH – synovial hyperplasia, 
Pa – pannus formation, BE – cartilage and bone erosion scores. Each bar represents mean ± SEM., 
groups. a- statistically significant difference compared to control group, b- statistically significant 
difference compared to CIA group. 

 7.2.15. Histopathology of liver 

    

 

Fig 19. Histopathology of liver.  Con – Control group rats with normal hepatocytes (H) 
and central vein (CV). In the rats of CIA group various derangement of H with distorted CV 
and edema due to the infiltration of inflammatory cells (IF). CIA+BgK, CIA+PuK. 
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CIA+GuK – rats treated with kashayams mild infiltration and normal H have been shown. 
In CIA+ IND rats with normal histology and CV but edema evidenced by IF and 
intracellular spaces. Hematoxylin and eosin stains were used to prepare sections of the liver 
and magnification at 40x. 

 

Histopathology of liver shows edema, inflammation, and distorted cellular 

pattern in CIA rats compared to normal rats representing effective disease induction. 

On treatment with kashayamst for 45 days these effects were reversed with mild 

edema and normal hepatocytes compared to CIA rats. At the same time IND treated 

rats showed moderate edema with normal hepatocytes that was confirmed from liver 

toxicity markers.     

7.2.16. Histopathology of Kidney 

Evidenced significant changes have not been noticed in between control and 

diseased group, diseased and treated groups. Normal renal histology in all groups. A 

mild edema and degenerative changes in diseased CIA groups. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    

                Con                                                                        CIA 

    

                  CIA+BgK                                                     CIA+PuK 



 
59 
 

 

 

 

 

 

 

 

 

 

                                                                                                

 

 

 

Fig. 20. Histopathology of Kidney. Control group Section shows (renal cortex) renal corpuscle 
consist of Bowman’s capsule (BC)with glomerulus (GL). The convoluted tubules(CT) are lined by 
renal epithelium (RE). No pathological lesions seen. CIA shows normal renal corpuscle with 
edematous interstitium. Epithelial lining of convoluted tubules shows mild degenerative changes. 
CIA+BgK, CIA+PuK. CIA+GuK rats treated with kashayams normal renal histology and no 
evidence of nephritis or edema. Absence of edema or nephritis in IND treated groups. Hematoxylin –
eosin stained sections were used at 40x magnification. 

 

7.2.17. Histopathology of stomach 

After 45 days of kashayam and indomethacin treatment CIA rats showed normal cell 

arrangement while thick mucosa pathological lesions were observed in CIA rats 

without treatment. 
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7.2.18. Effect of kashayams on TLR-4 signal transduction pathway 

To investigate the anti-inflammatory effects of BgK, PuK and GuK on 

rheumatoid arthritis model TLR4 -MyD88 dependent signal transduction pathway 

being focussed to determine the amount of TLR-4 receptor and MyD88. In CIA 

group the level of TLR-4 and MyD88 significantly (p<0.05) elevated as compared to 

the normal rat’s model which revealed significant expression of TLR-4 receptor (Fig 

26). Kashayams were administered for the experimental period of 45 days rats 

Fig.21. Histopathology of stomach. Control group section shows thin mucosa(M) submucosa(SM) and 
muscularis mucosa (MM). The mucosa has a lining of columnar epithelium (CE) that inward to form 
gastric pit (GP) that occupies the one fourth of the mucosa.  CIA shows thick M which is closely packed 
with gastic glands all the layers were from pathological changes or lesions. CIA+BgK, CIA+PuK. 
CIA+GuK rats treated with kashayams shows normal architecture of gastric wall. mucosa, submucosa and 
muscularis mucosa are free from inflammation, edema o necrosis. Hematoxylin –eosin stained sections 
were used at 40x magnification.  
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showed significant (p<0.05) subsidence in level of TLR-4 and MyD88. Thus the 

kashayams exhibited potent inhibitory role in TLR-4 signaling pathway that was 

moderated through MyD88. Infiltration of various cells like neutrophils, 

macrophages, B cells, T cells into the affected joints was the characteristic feature of 

RA.  This will result in pannus formation and accumulation of cells release 

cytokines and chemokines which are proinflammatory in nature.  Published datas 

had brought about the influence of these cytokines in bone resorption and cartilage 

devastation (Somaiya Mateen et al, 2017). 

0

5

10

15

20

con CIA CIA+BgK CIA+PuK CIA+GuK CIA+IND

O
D

 u
ni

ts
/m

g 
Pr

ot
ei

n

Level of TLR-4 &Myd 88

TLR-4

MYD-88

a

ab

ab

ab

ab

ab

a

ab

b

 

 

 

 

 

 

For the release of these cytokines TLR-4 an integral membrane protein 

present on the cells is activated by specific ligand in collagen induced arthritic rats. 

Proper orientation and conformation are essential for this ligand receptor interaction 

(Ishii KJ1 et al, 2006) and TLR-4 have intracellular TIR domain that dimerises and 

helps in MyD88 dependent recruitment of other mediators. From the study we 

speculated that MyD88 is also an indispensable protein which is down-regulated by 

kashayams and might have affected series of downstream dependent molecules that 

determine cytokines release 

Fig 22. Effect of BgK,,PuK, GuK on TLR4 receptor activation, MyD 88 recruitment  . The quantity 
of TLR-4 and MyD-88 in synovial fluid aspirated from knee joints of rat. The six groups were con-
normal groups, CIA- collagen induced arthritic groups, Balaguluchiadi, Punarnavadi, and 
Gugguluthiktam Kashayam treated groups and indomethacin treated positive control groups. a represents 
statistical significance at p<0.05 when compared to con and b represents significance at p<0.05 when 
compared to collagen induced arthritic (CIA) groups. Datas were expressed as the mean ± SEM from six 
separate experiments. 
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7.2.19. Effect of BgK, PuK, GuK on MD2, IRAK1, IκB in CIA rats 

MD2, IRAK1, IκB are the downstream molecules involved in MyD 88 

dependent pathway of TLR4. In CIA group the level of MD2, IRAK1, IκB 

significantly (p<0.05) elevated as compared to the normal rat’s model which 

revealed significant expression of TLR-4 receptor (Fig 26). Kashayams were 

administered for the experimental period of 45 days rats showed significant (p<0.05) 

subsidence in level of MD2, IRAK1, IκB. LPS ensure optimal interaction with 

CD14 and MD-2 (five or six lipophilic fatty acid chains attached to a disaccharide 

backbone, and one or two phosphate groups) for TLR4 activation but the interaction 

between other ligands and MD-2 in TLR4 activation were not well understood 

according to a recent review by Fabio A et al,2018  however in our study the notable 

amount of MD2 was present in the sample which got reduced by the kashayam 

along with other downstream molecules IRAK1 and IκB of MyD88 dependent 

TLR4 activation. 

 

 

 

 

Fig 23. Effect of BgK, PuK, GuK on MD2, IRAK1, IκB in synovial fluid of CIA rats. The six groups 
were con-normal groups, CIA- collagen induced arthritic groups, Balaguluchiadi, Punarnavadi, and 
Gugguluthiktam Kashayam treated groups and indomethacin treated positive control groups. a represents 
statistical significance at p<0.05 when compared to con and b represents significance at p<0.05 when 
compared to collagen induced arthritic (CIA) groups. Datas were expressed as the mean ± SEM from six 
separate experiments in cartilage. 
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7.2.20. Effect of BgK, PuK, GuK on NFκB translocation. 

Transcription factor NF-κB is a key signalling molecule that exists in 

inactive state in the cy-tosol of normal rats, so its p65 subunit amount is estimated in 

both cytosol and nucleus. As compared to normal rats in arthritic rats by collagen 

induction cytosolic p65 decreased significantly (p<0.05) Fig 2b, whereas in BgK, 

PuK and GuK administered rats p65 quantity significantly elevated in cytosol as 

compared to diseased rats. On the contrary, nuclear p65 quantification in joint 

cartilage by ELISA gave opposite results where CIA rats NF-κB p65 amount is 

significantly higher (p<0.05) in nucleus on comparison with normal rats and treated 

rats had decreased its translocation significantly. This was represented as 

significantly lower levels (p<0.05) of subunit concentration in nucleus. 

 

 

 

 

 

 

 

Since NF-κB is a key regulatory molecule involved in cytokine stimulation 

its activity inhibition may directly influence the release of TNF-α and IL-1β [Xu S et 

al, 2011)] in signalling pathways of inflammation. Numerous studies highlighted the 

ab

Fig 24. Effect of BgK,PuK,GuK on NFκB translocation. The quantity of cytosolic and nuclear NF-
κB p65 transcription factor in synovial fluid aspirated from knee joints of rat determined by ELISA. 
The six groups were con-normal groups, CIA- collagen induced arthritic groups, Balaguluchiadi, 
Punarnavadi, and Gugguluthiktam kashayam treated groups and indomethacin treated positive control 
groups. a represents statistical significance at p<0.05 when compared to con and b represents 
significance at p<0.05 when compared to collagen induced arthritic (CIA) groups. Datas were 
expressed as the mean ± SEM from six separate experiments. 
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direct role of NF-κB in bone destruction and osteoclasts activation in rheumatoid 

arthritic condition. In CIA model, in the present study the translocation of NF-κB 

molecule were observed and found the significant presence of p65 subunit in the 

nucleus. This enhanced the transactivation of proinflammatory genes by the binding 

of p65 fraction on target region of DNA. Whereas kashayams administration 

attenuates the perpetuation of signals thereby p65 fractionation and translocation 

which is affected by I-kb unbinding from NF-κB.  

7.2.21. Effect of kashayams on proinflammatory cytokines 

The concentration of proinflammatory cytokines IL-1β and TNF-α was 

significantly elevated (p<0.05) in CIA rats, whereas kashayam treated one showed 

significant retardation (p<0.05) in these proinflammatory cytokines level. This is 

similar to the effect produced by treatment with 3mg/kgb.wt indomethacin, as the 

previous study transcription factor NfκB transactivation towards the nucleus began 

to amplify the loop of pro inflammatory cytokines involving TNFα and IL-1β 

thereby altering RA pathology  
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Fig 25. Effect of kashayams on proinflammatory cytokines The quantity of proinflammatory 
cytokines TNFα and IL-1β in synovial fluid aspirated from knee joints of rat was determined by ELISA. 
The six groups were I-con groups, II CIA- collagen induced arthritic groups, III- Balaguluchiadi, IV- 
Punarnavadi, and V- Gugguluthiktam Kashayam treated groups and VI- indomethacin treated positive 
control groups. a represents statistical significance at p<0.05 when compared to control rats and b 
represents significance at p<0.05 when compared to collagen induced arthritic (CIA) groups. Datas 
were expressed as the mean ± SEM from six separate experiments. 
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7.2.22. Effect on COX- 2, iNOS and PGE-2 synthesis            

Here CIA rats showed significant increase in cyclooxygenase -2,  inducible 

nitric oxide synthase and prostaglandins-E2 amount as compared to the normal 

groups (Fig. 30) While in  BgK, PuK, GuK treated groups these inducible enzymes 

and the product quantity supressed and exerted highly significant effect to CIA 

groups. These datas confirmed that kashayams have potent anti-inflammatory nature 

that inhib-its COX 2, iNOS activities and regulates the release of associated in-

flammatory mediators and prostaglandins. Transactivation of inflammatory genes 

NFκB also activates COX-2 gene an important chemical mediator induced by 

immune cells in response to inflammatory stimuli (Bijjiga E et al, 2013). It acts on 

arachidonic acid of membrane and synthesize prostaglandins a key inflammatory 

molecule. So in this present study we investigated action of Bgk, PuK and GuK  on 

COX-2 induction and PGE2 production since both are coupled. In converse to CIA 

rats COX-2 get inhibited by kashayams which inturn down-regulated PGE-2 

synthesis and pacified pathogenic symptoms of rheumatoid arthritis. Thus COX-2 

was expressed during tissue damage or inflammation in response to pro-

inflammatory cytokines such as IL-1β, interferon gamma and TNF-α as reported 

earlier 
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Fig 26. Effect of kashayams on proinflammatory cytokines The quantity of COX-2, PGE-2 and iNOS in 
synovial fluid aspirated from knee joints of rat were determined by ELISA. The six groups were control, 
collagen induced arthritic groups (CIA), Balaguluchiadi, Punarnavadi, and Gugguluthiktam Kashayam treated 
groups and indomethacin treated positive control groups. a- statistical significance at p<0.05 when compared to 
con and b- significance at p<0.05 when compared to collagen induced arthritic (CIA) groups. Datas were 
expressed as the mean ± SEM from six separate experiments 
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7.2.23. Effect of Kashayams on anti-inflammatory cytokine IL-10   in CIA rats  

An anti-inflammatory cytokine IL-10 which is therapeutically targeted were 

also estimated and its quantity was decreased significantly (p<0.05) in CIA rats 

when compared to the normal. Kashayam treated 3 groups and positive control 

group exhibited a significant increase (p<0.05) in the amount of IL-10 thus keeping 

a balance between pro and anti-inflammatory cytokines. To maintain a healthy 

immune status anti-inflammatory cytokines induces a regulatory function and so in 

our study IL-10 release at joint cartilage was noted.  In arthritic joints 

downregulation of IL-10 gene promote TNF, IL-1β and the interplay of these 

cytokines induces the production of enzyme iNOS (Dey P et al, 2016) which 

catalyses the formation of nitric oxide (NO). IL-10 dampens the inflammatory 

effects of pro-inflammatory cytokines in overwhelming infections which otherwise 

can lead to potential tissue damage (Renu Verma et al, 2016).      
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All these experiments suggested that activated TLR4 has been blocked by 

BgK, PuK and GuK that inhibits further activation of NF-κB thus decelerates 

ab 

Fig 27. Effect of kashayams on anti-inflammatory cytokine. The quantity of anti-inflammatory 
cytokine IL-10 in synovial fluid aspirated from knee joints of rat was determined by ELISA. The six 
groups were con- normal groups, CIA- collagen induced arthritic groups, Balaguluchiadi, 
Punarnavadi, and Gugguluthiktam Kashayam treated groups and indomethacin treated positive 
control groups. a represents statistical significance at p<0.05 when compared to con and b represents 
significance at p<0.05 when compared to collagen induced arthritic (CIA) groups. Datas were 
expressed as the mean ± SEM from six separate experiments. 
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transcription and hastens IL-10 gene which imparts an immunoregulatory function 

on synergistic action of cytokines. Thus with kashayam treatment collagen induced 

arthritis was able to maintain a balance between proinflammatory and anti-

inflammatory cytokines via TLR 4-Myd 88 dependent NF-κB signalling pathways. 

7.2.24. mRNA expression studies  

mRNA synthesized specifically to the TLR4, TNF, COX-2, iNOS, GAPDH 

with cDNA were obtained in agarose gel (fig 32 a) whose relative density is 

significantly reduced (p<0.05) in kashayam treated groups similar to the positive 

control IND groups. Significant rise (p<0.05) in relative density (fig 32 b) of CIA 

band compared to the control (I group) was also observed that confirmed the 

deregulation of these proinflammatory cytokine level and its role CIA induced 

arthritis. While kashayams as observed in all other studies was able to keep balance 

on proinflammatory cytokine release 

 

 

 

 

a 

b

Fig 28. mRNA expression studies. Total mRNA was isolated from cartilage and mRNA expression 
pattern obtained as in Fig 29 a. The quantitative datas for expression pattern denoted graphically in Fig 
29 b. Values expressed as average of 6 rats ± standard error of the mean in each group.  Group I: 
control; Group II: CIA rats were given type II collagen; Group III: CIA + Balaguluchiadi; Group IV: 
rats were given CIA + punarnavadi; Group V: CIA + guggulutiktam and Group VI: rats were given 
CIA + indomethacin. a statistical significance compared with Group I at p < 0.05; b statistical 
significance when Group II compared with Groups III, IV, V and VI at p < 0.05. 
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7.2.25. Effect of kashayams on MAP kinase pathway in the synovial tissues of 
CIA rats 

Extracellular signal regulated kinase (ERK), c-Jun N-terminal kinase (JNK), 

p38 MAP kinases are three different groups of MAPKs whose activation and 

inactivation involved in cellular differentiation and regulation by the process of 

phosphorylation and dephosphorylation. So in CIA rats compared to normal the 

quantity of ERK, JNK, p38 and AP1 were elevated significantly (p<0.05). 

Treatment with kashayams depressed the level of these kinases significantly 

(p<0.05) as compared to disease induced CIA rats. The studies elsewhere (T. 

Thalhamer et al, 2008) had proved three MAPkinases JNK MAPkinase, ERK-

MPkinase, p38 MAPKinase played a detrimental role in activation of various 

proinflammatory grenes through transcription factor stimulation. Thus kashayam 

acted over MAP kinase pathway to control continuous activation of all other 

downstream kinases and transcription factors inhibiting the release of cytokines. 
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Fig 29. Effect of kashayams on MAP kinase pathway. The quantity of pro-inflammatory kinases 
ER, JNK, p38 and AP1 factor in synovial fluid aspirated from knee joints was determined by ELISA. 
The six groups were con- normal groups, CIA- collagen induced arthritic groups, Balaguluchiadi, 
Punarnavadi, and Gugguluthiktam Kashayam treated groups and indomethacin treated positive 
control groups. a represents statistical significance at p<0.05 when compared to con and b represents 
significance at p<0.05 when compared to collagen induced arthritic (CIA) groups. Datas were 
expressed as the mean ± SEM from six separate experiments. 
 

7.2.26. Effect of kashayams on Matrixmetalloproteinases in the synovial fluid 
CIA rats 

The substrate of MMP-2, MMP-9 is collagen IV, gelatin, aggrecan etc and 

cleavage of these molecules by MMPs result in joint degradation which is the main 

symptom in RA. In this study severity of arthritis in CIA group was very high and 

increase in the level of MMP-2 and MMP-9 was very significant (p<0.05) when 

compared to control rats. Kashayams treated rats showed a significant decrease 

(p<0.05) in the level these proteinases on comparison with CIA group. Since MMPs 

are matrix degrading protein the effect produced in synovial fibroblast due to the 

promotion of proinflammatory cytokines TNF α and IL-1β cytokine biomarkers of 

RA. Therapeutic effeiciency of kashayams can thus be related to this inhibitory 

action. (Lei Zhang et al, 2018) 
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Fig 30. Effect of kashayams on MMPs The quantity of MMPs in synovial fluid aspirated from knee 
joints was determined by ELISA. The six groups were con- normal groups, CIA- collagen induced 
arthritic groups, Balaguluchiadi, Punarnavadi, and Gugguluthiktam Kashayam treated groups and 
indomethacin treated positive control groups. a represents statistical significance at p<0.05 when 
compared to con and b represents significance at p<0.05 when compared to collagen induced arthritic 
(CIA) groups. Datas were expressed as the mean ± SEM from six separate experiments 
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7.2.27. Effect of kashayams on cell adhesion molecules in serum and MCP in 
the joints of CIA rats 

Klimiuk et al (Klimiuk et al, 2002) also demonstrated high levels of serum 

VCAM-1 in RA patients with follicular synovitis. In order to correlate the action of 

kashayams with cell adhesion molecules serum level of VCAM (vascular cell 

adhesion molecules) and ICAM (intercellular cell adhesion molecule) were 

estimated with ELISA and the results displayed higher levels (p<0.05) in rats 

belonging to CIA group which was significant to normal rats. At the same time by 

the application of kashayams for a period of 45 days the VCAM, ICAM level was 

being retarded significantly (p<0.05) compared to CIA rats alike to IND group. The 

proinflammatory cytokines studied TNFα and NADPH oxidase developed oxidative 

stress can act as intermediators for the action of kashayams that reduce the quantities 

of ICAM and VCAM (Deok-Hoon Kong, 2018). The interaction of synovial cells 

with T cells and B cells thus blocked for beneficiary immunomodulatory activity of 

these formulations.  

 

Groups MCP(OD units/mg protein) VCAM(OD 
units/mg protein) 

ICAM(OD 
units/mg protein) 

Con 
CIA 
CIA+BgK 
CIA+GuK 
CIA+PuK 
CIA+IND 

0.068 ± 0.003 
0.176 ± 0.006a 
0.098 ± 0.001ab 
0.080 ± 0.003ab 
0.098 ± 0.001ab 
0.071 ± 0.003ab 

0.389 ± 0.014 
0.953 ± 0.016a 
0.461 ± 0.035ab 
0.440 ± 0.017ab 
0.471 ± 0.016ab 
0.430 ± 0.016ab 

06.39± 0.23 
14.08± 0.52a 
08.45 ± 0.31ab 
07.29 ± 0.28ab 
08.31 ± 0.31ab 
07.19 ± 0.27ab 

Table 9. Effect of kashayams on cell adhesion molecules and MCP. Control Group I consists of 
normal rats, CIA Group rats were given 400µg type II collagen, three kashayam treated groups CIA + 
BgK, CIA+PuK and CIA+GuK were given 2ml/kgbwt of kashayam and IND treated groups 3mg/kg 
bwt indomethacin daily for 45 days after arthritis induction with collagen a - statistical significance 
compared to control rats at p < 0.05; b-statistical significance compared to CIA at p < 0.05. Values 
were expressed as average of six rats ± SEM in each group. 

 

7.3 Experiment III- Immunomodulatory effect of Kashayams 

7.3.1. Effect of kashayams on serum immunoglobulins 

Serum levels of immunoglobulin (IgG, IgM, IgA) were significantly 

increased p < 0.05 in group induced with rheumatoid arthritis (RA) when compared 
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with normal. But were reduced significantly p < 0.05 in BgK, PuK, GuK treated rats 

as compared to the normal. An increase in serum RF level attributed to the RA 

pathogenesis and several studies depicted in RF sero positive condition the presence 

of its isotype IgG, IgM and IgA in serum (Francesca Ingegnoli et al, 2013) which on 

action with kashayams depleted due to disease progression decline 

Groups IgG (pg/ml) IgM (pg/ml) IgA (pg/ml) 

Con 
CIA 
CIA+BgK 
CIA+GuK 
CIA+PuK 
CIA+IND 

5.68±0.18 
8.47±0.27a 
6.57±0.24ab 
6.50±0.24ab 
7.07±0.26ab 
6.98± 0.22ab 
 

0.85±0.031 
2.18±0.081a 
0.95±0.035ab 
0.98±0.036ab 
0.95±0.035ab 
0.88±0.032ab 
 

0.18±0.006 
0.35±0.013a 
0.23±0.008ab 
0.20±0.007ab 
0.25±0.009ab 
0.22±0.008ab 
 

 

 

 

 

 
7.3.2. Effect of kashayams on B cells activation 

B cells were isolated from rat spleen using easy sep magnet with an enrichment 

medium. FITC conjugated antibody against B cell surface marker CD 45 were 

mixed with isolated cells and allowed to run through the FACS column. Dot graph 

for scattering magnitude identification and cell count peak was represented in Fig 

34. In CIA group 400µg of collagen induction produced the RA symptoms after 14 

days of immunization. Severity of diease goes on increasing resulted in lymphocytes 

activation also. So to quantify the B cell count this study was performed and 

observed that FACS analysis had given 10% viable cells from a particular parent 

concentration in untreated CIA group. By 45 days of treatment with polyherbal 

formulations, kashayams there were definite down regulation of activated B cells 

which were 1.1%, 1.7%, 2.4% respectively and also lesser events intensity was 

noted.  Meanwhile moderate activation still remained in IND group. 

 

 

Table 10. Effect of kashayams on serum immunoglobulins Control Group I consists of normal rats, 
CIA Group rats were given 400µg type II collagen, three kashayam treated groups CIA + BgK, 
CIA+PuK and CIA+GuK were given 2ml/kgbwt of kashayam and IND treated groups 3mg/kg bwt 
indomethacin daily for 45 days after arthritis induction with collagen a - statistical significance compared 
to control rats at p < 0.05; b-statistical significance compared to CIA at p < 0.05. Values were expressed 
as average of six rats ± SEM in each group 
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Fig.31. Effect of Kashayams on B cell count. Control Group I consists of normal rats, CIA Group 
rats were given 400µg type II collagen, three kashayam treated groups CIA + BgK, CIA+PuK and 
CIA+GuK were given 2ml/kgbwt of kashayam and IND treated groups 3mg/kg bwt indomethacin 
daily for 45 days after arthritis induction with collagen Cells in upper/lower-right quadrants are 
considered as activated B cells. Flow cytometry analysis was used to assess the % of viable B cells 
during RA that is induced by Type II collagen. The figures show the expression percent of cells 
present.                      

 

7.3.3. Effect of Kashayams on BAFF and BAFFR   in serum 

B cell activating factor (BAFF) and B cell activating factor receptor 

(BAFFR) amount were estimated in serum. Both were involved as cytokine 

mediator and served as proinflammatory molecule in immunopathogenesis of RA. 

Significant elevation (p<0.05) in the level of BAFF and BAFFR in CIA rats when 

compared to normal rats moreover kashayams treated rats and positive control rats 

the significant (p<0.05) opposite effect were found thus showing a regulation in B 

cell activation and differentiation that can be correlated to FACS data. 
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Fig 32. Effect of Kashayams on BAFF and BAFFR. The quantity of pro-inflammatory proteins 
BAFF and receptor protein BAFFR were measured in serum by ELISA. The six groups were con- 
normal groups, CIA- collagen induced arthritic groups, Balaguluchiadi, Punarnavadi, and 
Gugguluthiktam Kashayam treated groups and indomethacin treated positive control groups. a 
represents statistical significance at p<0.05 when compared to con and b represents significance at 
p<0.05 when compared to collagen induced arthritic (CIA) groups. Datas were expressed as the mean 
± SEM from six separate experiments p<0.05 when compared to collagen induced arthritic (CIA) 
groups. Datas were expressed as the mean ± SEM from six separate experiments 

 

7.3.4. Effect of Kashayams on serum APRIL level.   

A proliferation inducing ligand APRIL plays a key role in B cell 

development, antibody production. Serum APRIL level when estimated showed 

significantly higher (p<0.05) values compared to normal, Treatment with kashayams 

augmented markedly (p<0.05) APRIL level compared to CIA rats. The results can 

be correlated with assessment of disease activity and mRNA expression studies. Fig 

39 B represents fold change of collagen induced arthritis rats and kashayam treated 

rats in which fold change of gene upregulated significantly in CIA compared to 

normal. In kashayam treated rats there was significant downregulation in fold 

change of gene compared to CIA rats   
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The maturation and proliferation stages of B cells represented the 

autoantibody production were augmented by kashayams. Subsequent action of BgK, 

GuK, Puk on B cell proliferating factor and its receptor BAFF and BAFR release 

regulation occurred which inturn inhibited another enhancing factor APRIL. 

Preventing the binding of BAFF with BAFFR and APRIL with its receptor will 

break the amplification loop of B cell lineage thus suspending further process of 

Fig 33.  Effect of Kashayams on APRIL. A. The quantity of pro-inflammatory factor APRIL 
were measured in serum by ELISA. B. mRNA expression studies by PCR and fold estimation by 
qRTPCR using ^^CT method. The six groups were con- normal groups, CIA- collagen induced 
arthritic groups, Balaguluchiadi, Punarnavadi, and Gugguluthiktam Kashayam treated groups and 
indomethacin treated positive control groups. a represents statistical significance at p<0.05 when 
compared to con and b represents significance at p<0.05 when compared to collagen induced 
arthritic (CIA) groups. Datas were expressed as the mean ± SEM from six separate experiments. 
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immunopathogenesis. In collagen induced condition this peripheral tolerance 

mediating process relies on the activation of self-reactive B cells by autoantigens, 

which die on kashayam application due to BAFF deprivation (Thompson JS et al, 

2001). 

7.3. 5. Effect of kashayams on T cells activation    

CD4+ helper T cell marker were used to isolate T helper cells from spleen 

tissues. CIA rats showed higher Th cell count in flow cytometry analysis indicating 

effective stimulation of T lymphocytes after collagen induction. Cell count raised to 

30% compared to 3.6% in normal rats simultaneously treatment with BgK, PuK, 

GuK kashayams for a period of 45 days brought down the Th cell count near normal 

6.25%, 6.5% and 5.3% respectively.  With positive control indomethacin the effect 

produced was moderate.   
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                         CIA+PuK                                                CIA+IND 
Fig.34  Effect of Kashayams on T cell count. Control Group I consists of normal rats, CIA Group 
rats were given 400µg type II collagen, three kashayam treated groups CIA + BgK, CIA+PuK and 
CIA+GuK were given 2ml/kgbwt of kashayam and IND treated groups 3mg/kg bwt indomethacin 
daily for 45 days after arthritis induction with collagen Cells in upper/lower-right quadrants are 
considered as activated T cells. Flow cytometry analysis was used to assess the % of viable T cells 
during RA that is induced by Type II collagen. The figures show the expression percent of cells 
present.        

 

7.3.6. Effect of Kashayams on JAK- STAT pathway   in T cells   

A variety of ligands and their receptors stimulate the JAK/STAT pathway 

which promote immune development, cellular differentiation and other cellular 

activities. Here Th cells were separated from spleen cells and used for the studies. 

Untreated CIA group showed a significant increase (p<0.05) in JAK1, JAK2 level as 

in Fig 36.A compared to control group. This inturn activate STAT-1 and STAT-3 

latent transcription factors as represented in Fig 36.B showing their significant rise 

(p<0.05).    
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Upon treatment with kashayams the respective group exhibited significant 

reduction in JAK1, JAk2, STAT 1 and STAT3 level showing a regulation in JAK-

STAT pathway. So a negative regulator SOCS3 (suppressors of cytokine signaling) 

ab

ab
b

Fig 35. Effect of Kashayams on JAK- STAT pathway. The quantity of pro-inflammatory kinases 
JAK, transcription factor STAT and negative regulator of JAK-STAT pathway SOCS-3 protein in 
isolated Th cells were determined by ELISA. The six groups were con- normal groups, CIA- collagen 
induced arthritic groups, Balaguluchiadi (CIA+BgK), Punarnavadi, (CIA+PuK) and Gugguluthiktam 
Kashayam (CIA+GuK) treated groups and indomethacin treated positive control groups. a represents 
statistical significance at p<0.05 when compared to con and b represents significance at p<0.05 when 
compared to collagen induced arthritic (CIA) groups. Datas were expressed as the mean ± SEM from 
six separate experiments 
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protein presence were studied in the Th cell by ELISA. The fig 37.C represented the 

amount of SOCS protein retarded significantly (p<0.05) in CIA rats compared to 

normal rats, while in kashayam treated groups level of this protein significantly 

uplifted (p<0.05) when compared to CIA group.   

7.3. 7.  Effect  of Kashayams on IL-12 & IFNγ in spleen tissue. 

IL-12 produced by B cells, NK cells, dendritic cells by the activation of 

MAP kinase p38 pathway mediated proliferation of IFNγ and Th cell induction 

(Jianguo Liu et al, 2005). In order to study the differentiation of T helper cells its 

specific markers like IL-12 & IFNγ quantity was estimated in synovial fluid of joints 

in RA induced rats (CIA group). Due to proinflammatory characteristic of these 

cytokines in diseased rats joints it promotes inflammation and hence IL-12 & IFN γ 

level increased to a higher level at (p<0.05) markedly compared to control rats. 

When compared to this in kashayam treated one these cytokines significantly 

(p<0.05) decreased thus inhibiting the differentiation of naïve CD4+ T cell to Th1 

cell.  
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7.3.8.  Effect of Kashayams on CD25, CTLA4 and FOXP3 in Treg cells 

CD4+ CD25+ regulatory T cell is a kind of T cell subset of the body, which 

can “actively control activation and proliferation of auto-reactive T cells, inhibit 

Fig 36 Effect of Kashayams on IL-12 & IFNγ. The quantity of pro-inflammatory cytokines was 
measured in spleen tissues by ELISA. The six groups were con- normal groups, CIA- collagen 
induced arthritic groups, Balaguluchiadi, Punarnavadi, and Gugguluthiktam Kashayam treated 
groups and indomethacin treated positive control groups. a represents statistical significance at 
p<0.05 when compared to con and b represents significance at p<0.05 when compared to collagen 
induced arthritic (CIA) groups. Datas were expressed as the mean ± SEM from six separate 
experiments. 
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autoimmune response, then stop occurrence of immune response and maintain 

immunologic balance action of the body. Lower immune response and 

immunological suppression are two characteristics of CD4+ CD25+ regulatory T 

cell (You Sun et al., 2017). Reduction or dysfunction of CD4+ CD25+ regulatory T 

cell may damage stability of autoimmune environment and cause autoimmune 

diseases. In order to confirm T cell differentiation to Treg, the transcription factor 

FOXP3 was quantified in nuclear fraction by ELISA likewise receptors the same 

pattern was followed by this factor ie subsidence in RA induced rats and reversed in 

kashayam treated and IND treated groups. Thus a significant regulation in 

pathogenesis was made by CD4+CD25+high regulatory T cell through this 

olyherbal formulation. 

 

 

Fig 37.  Effect of Kashayams on CD25, CTLA4 receptors and FOXP3 transcription factor The quantity of 
antiinflammatory CD25, CTLA4 receptors and FOXP3 transcription factor was measured in isolated Th cells by 
ELISA. The six groups were con- normal groups, CIA- collagen induced arthritic groups, Balaguluchiadi, 
Punarnavadi, and Gugguluthiktam Kashayam treated groups and indomethacin treated positive control groups. a 
represents statistical significance at p<0.05 when compared to con and b represents significance at p<0.05 when 
compared to collagen induced arthritic (CIA) groups. Datas were expressed as the mean ± SEM from six 
separate experiments 

 

7.3. 9. Effect of Kashayams on IL-17, IL-23 & RANKL in synovial fluid 

            In a recent study (Sato et al, 2006) observed that Th17 cells can become 

osteoclastogenic T helper cell subtypes and that IL-23 induces the expression of IL-

17 and receptor activator of NF-κB ligand (RANKL) on CD4 T cells in mice. T cells 
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gets differentiated in to T helper cells which on stimulation form Th17 cells along 

with other Th cells. IL-17 released from Th17 cells and its quantity is estimated in 

synovial fluid to study Th17 cells formation in RA. IL-17 level significantly 

elevated (p<0.05) in CIA rats on comparison with normal control rats. Significant 

reverse effect (p<0.05) was observed after a period of   therapeutic application of 

kashayams and positive control IND. IL-23 therefore played a role since it 

stimulated IL-17 and thus acted as proinflammatory cytokines released into the 

synovial fluid during RA. Its quantity estimation gave a significant increase 

(p<0.05) in RA rats compared to normal rats at the same time kashayam 

administration showed a significant decrease (p<0.05) as compared to CIA rats. 

RANKL a ligand molecule involved in bone metabolism when quantified in RA 

synovial fluid a markedly higher value (p<0.05) was obtained compared to normal 

rats. After 45 days of kashayams treatment their level significantly subsided 

(p<0.05) exerting an immunomodulatory effect and reducing RA symptoms. 
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Fig 38. Effect of Kashayams on IL-17, IL-23 & RANKL. The quantity of pro-inflammatory 
cytokines IL-17, IL-23 & RANKL in synovial fluid aspirated from knee joint was determined by 
ELISA. The six groups were con- normal groups, CIA- collagen induced arthritic groups, 
Balaguluchiadi, Punarnavadi, and Gugguluthiktam Kashayam treated groups and indomethacin 
treated positive control groups. a represents statistical significance at p<0.05 when compared to con 
and b represents significance at p<0.05 when compared to collagen induced arthritic (CIA) groups. 
Datas were expressed as the mean ± SEM from six separate experiments 
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7.3.10.  Effect of Kashayams on IL4 & GATA3 in Th2 cells  

IL-4R signaling controls expression of GATA-3, a Th2-specific transcription 

factor that regulates lineage commitment to Th2. IL-4 estimated in cytosolic fraction 

of T helper cells of CIA rats showed a significant reduction as compared to control 

rats. On the contrary RA treated with kashayams displayed a significant increase in 

IL-4 level. GATA3 protein quantification with mAb against it by ELISA showed 

downregulation in GATA3 level in CIA rats at the same time significantly 

upregulated its level in treatment groups compared to arthritic groups. Thus 

kashayams maintains Th1/Th2 balance through interplay between IL4 and IFNγ and 

transcription factor GATA3 
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Fig 39.  Effect of Kashayams on IL-4 & GATA3. Quantity of IL-4 & GATA3 was measured in 
cytosolic and nuclear fraction of isolated Th cells by ELISA. The six groups were con- normal 
groups, CIA- collagen induced arthritic groups, Balaguluchiadi, Punarnavadi, and Gugguluthiktam 
Kashayam treated groups and indomethacin treated positive control groups. a represents statistical 
significance at p<0.05 when compared to con and b represents significance at p<0.05 when 
compared to collagen induced arthritic (CIA) groups. Datas were expressed as the mean ± SEM 
from six separate experiments 
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7.3. 11. Effect of Kashayams on TGFβ, IL-6 & RORγ in Th 17 cells 

TGFβ and IL-6 are proinflammatory cytokines secreted by various cells 

including lymphocytes that infiltrated into the synovial joints during RA. They have 

immense role in Th cell activation and differentiation and so estimated in Th cells 

cytosolic fraction. Significant increase (p<0.05) in the level of these cytokines was 

noticed in diseased CIA group compared to the normal. At the same time TGFβ and 

IL-6 level significantly lowered (p<0.05) in BgK,PuK, GuK administered groups 

when compared to the untreated CIA groups 
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RORγ is a specific transcription factor of Th17 cells which gets stimulated in 

the presence of higher levels of TGFβ along with IL-6. This inturn release IL17 a 

proinflammatory cytokine. RORγ was quantified in nuclear fraction of Th cells in 

CIA group and CIA induced, 45 days’ post treated kashayam groups. RA induced 

group showed a significant upregulation p<0.05 in the level of RORγ to that of 

control group. But kashayam treated respective group and positive control group 

exhibited a negative regulation that brought down the level of factor significantly 

p<0.05 as compared to CIA groups.  

Fig 40.  Effect of Kashayams on TGFβ, IL-6 & RORγ in Th cells. Quantity of IL-6 & TGFβ was 
measured in cytosolic and RORγ in nuclear fraction of isolated Th cells by ELISA. The six groups 
were con- normal groups, CIA- collagen induced arthritic groups, Balaguluchiadi, Punarnavadi, and 
Gugguluthiktam Kashayam treated groups and indomethacin treated positive control groups. a 
represents statistical significance at p<0.05 when compared to con and b represents significance at 
p<0.05 when compared to collagen induced arthritic (CIA) groups. Datas were expressed as the 
mean ± SEM from six separate experiments.
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7.3. 12. Effect of Kashayams on FOXP3, GATA3, Tbet, RORγ, IL12, IL23, 
IL17-mRNA expression studies 

Total RNA isolated from spleen tissues and determined the mRNA 

expression by QPCR and qRTPCR in which GAPDH werei use as standard . The 

relative band density of FOXP3 and GATA3 represented in fig 44A significantly 

downregulated in CIA rats compared to normal. Meantime kashaym treatment for 45 

days showed significant upregulation p<0.05 in mRNA expression like that IND 

group. In the case of T-bet and RORγ transcription factors of Th1 and Th17 a 

significant upregulation p<0.05 in mRNA expression and vice versa p<0.05 were 

observed in diseased CIA and treated CIA groups. In fig 44 B, C, D expression 

studies of mRNA done by QRTPCR method. The formula ^^CT method adopted to 

found fold increase /decrease for mRNA expression of cytokines IL-17, IL23 and 

IL-12. A pattern of increased fold change was exhibited in CIA rats and this 

significant change was compared to control normal rats at p<0.05. 

            

 

             

                                                                 A 

T-bet 

 

a 



 
84 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       Fig 41. Effect of Kashayams on FOXP3, GATA3, Tbet, RORγ, IL12, IL23, IL17-mRNA 
expression studies.  A. mRNA expression of transcription factors represented in agarose gel bands 
and measured in terms of relative density with GAPDH by qPCR. B, C & D represents fold change of 
IL-12, IL-23 & IL-17 whose mRNA quantified by q RTPCR using ^^CT method and expressed in 
terms of GAPDH used as standard. Its relative density compared to GAPDH. The six groups were 
con-normal groups, CIA-collagen induced arthritic groups, Balaguluchiadi, Punarnavadi, and 
Gugguluthiktam Kashayam treated groups and indomethacin treated positive control groups. a 
represents statistical significance at p<0.05 when compared to con and b represents significance at 
p<0.05 when compared to collagen induced arthritic (CIA) groups. Datas were expressed as the mean 
± SEM from six separate experiments. Values expressed as average of six rats ± SEM in each group.  

 

While downregulation in mRNA expression of these proinflammatory genes 

were noted in daily supply of kashayams at a dose of 2ml/kgbwt. T-bet, GATA3, 

and RORγt are the master transcription factors in regulating the differentiation and 

functions of Th cell subsets (Zhu., 2017). Because of cross-regulation among the 

master regulators, T-bet, GATA3, and RORγt expression is usually mutual 
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exclusive, leading to the one factor–one fate hypothesis that T-bet, GATA3, and 

RORγt, as the master regulators for Th subsets, are preferentially expressed by Th1, 

Th2, and Th17 cells, respectively. T-bet is important for Th1 cell differentiation 

(Szabo et al., 2000), and it suppresses GATA3-dependent endogenous Th2 program 

by inhibiting GATA3 expression and function (Hwang et al., 2005; Zhu et al., 

2012).  

7.3.13. Effect of Kashayams on CD25, CTLA4 and RANKL- 
Immunohistochemical staining in spleen tissues.  

Immunohistochemical staining of spleen tissue were done to view the 

presence and interaction of CD25, CTLA4 regulatory molecules action in RA 

sample and kashayam treated samples along with th positive control. The brown 

colour precipitate in the slides indicates the respective molecules present in tissue 

section against whose antibody was added and its presence corresponmding to the 

intensity of the score which is represented in the histogram as histoscore. Fig 45A 

represented CD25 marker of Treg cell its score in CIA was significantly lower 

(p<0.05) than CIA+BgK, CIA+PuK, CIA+GuK, CIA+IND group. Similar effect 

was observed in Fig45B where marker was CTLA4 functioning as regualatory 

molecule in T cell lineage thus moderating the symptoms of RA generated in CIA 

group by the administration of kashayams. In Fig45 C RANKL ligand presence 

were confirmed in CIA groups and the slide score was significantly higher (p<0.05) 

compared to treatment groups and positive control groups. 
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Fig42. Immunohistochemical staining in spleen tissues. Primary antibodies against CD25, CTLA4 
& RANKL were incubated with the samples. After treating with HRP conjugated secondary 
antibodies deparanized tissue sections were stained in DAPI. counter stained with hematoxylin, 
magnification 40x. Immunohistoscores (IHC) were   The six groups were con-normal groups, CIA-
collagen induced arthritic groups, Balaguluchiadi, Punarnavadi, and Gugguluthiktam Kashayam

RANKL-IHC 
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7.3. 14. Effect of Kashayams on CD markers expression 

CD19, a co-receptor expressed by all B cell subsets, serves as a positive 

regulator of BCR signaling and is critical for B cell development and activation 

(Cambier et al., 1994; Tedder et al., 1994 Front. Vishal J. Sindhava1 et al, 2012). 

CD19 plays a critical role in maintaining the balance between humoral, antigen-

induced response and tolerance induction. CD19 is expressed by all B cells from the 

pre-B cell stage until the development of plasma B cells. Uptake of antigen was 

promoted by CD19 surface molecule and hence was measured in synovial fluid. The 

quantity of CD19 were significantly elevated p<0.05 CIA rats compare to the 

normal control rats. Conversely in kashayam treated disease induced rats however 

showed a marked decrease p<0.05 in CD19 level as compared to the CIA rats and 

reduction was similar to positive control IND group. Thus lowered marker may have 

contributed to the therapeutic property of kashayams by regulated B cell 

proliferation. CD80 is a surface protein present on B cells that is necessary for a 

costimulatory response during antigen presentation to T cells. 

 

 

 

 

 

 

Fig 43. Effect of Kashayams on CD markers expression Quantity of CD80, CD19, CD28 were 
measured in synovium by ELISA. The six groups were con- normal groups, CIA- collagen induced 
arthritic groups, Balaguluchiadi, Punarnavadi, and Gugguluthiktam Kashayam treated groups and 
indomethacin treated positive control groups. a represents statistical significance at p<0.05 when 
compared to con and b represents significance at p<0.05 when compared to collagen induced arthritic 
(CIA) groups. Datas were expressed as the mean ± SEM from six separate experiments. 



 
89 
 

However, the molecule had a significant rise p<0.05 in RA induced rats 

compared to normal rats at the same time CD 80 quantity reached down p<0.05 in 

BgK, PuK and GuK treated CIA rats on comparison with untreated disease induced 

rats. T cell receptor (TCR) signaling triggered by a peptide antigen/HLA complex 

presented by an antigen-presenting cell plus CD28-mediated co-stimulation results 

in T cell activation, proliferation, the synthesis of anti-apoptotic genes, and pro-

inflammatory responses, and enhances IL-2 mRNA transcript stability and IL-2 

secretion, which is necessary for effector T cell and Treg expansion (Acuto, O, 

2003).  In particular, CD28 was shown to be important in enhancement of 

proliferation and cytokine production by T cells, as well as in preventing T-cell 

anergy, thus identifying it as a key co-signal that binds CD80 ligand. The study 

displayed higher amount (p<0.05) of CD28 in CIA group when compared to normal 

group, while the treated group showed significant low level (p<0.05) of CD 28 like 

that of positive control on comparison with diseased group. Proliferation based on 

costimulatory action was regulated by the kashayams.  

7.3.15. Histopathology of Spleen  

 

 

 

 

 

 

 

 

 

 

        

                 
Fig 44. Histopathology of spleen Con – Control group rats with normal cells. In the rats of CIA group various 
derangement of spleen cells due to the infiltration of inflammatory cells zone development differentiation of 
Tcells, B cells. CIA+BgK, CIA+PuK. CIA+GuK – rats treated with kashayams slight changes in follicles have 
been shown and in CIA+ IND rats with normal histology.  Hematoxylin and eosin stains were used to prepare 
sections of the liver and magnification at 40x. 
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Histopathology of spleen showing germinal centers and differentiated zones 

of development of lymphocytes in CIA rats. Normal arrangement of cells with 

moderate zone development in treated CIA rats. 

 

7.4. Experiment III -Effect of long term administration (90 days) of kashayams 
in CIA rats 

7.4.1. Effect of kashayams on liver toxicity parameter 

A remarkable finding was that all the four toxicity parameters AST, ALT, 

ALP, GGT were significantly increased (p<0.05) in diseased CIA rats compared to 

the control group. This increase was significantly reversed (p<0.05) in BgK, PuK, 

GuK treated rats and also in IND groups. 

Groups ALT (IU/L) AST( IU/L) ALP (IU/L) GGT (IU/L) 
Con 
CIA 
CIA+BgK 
CIA+GuK 
CIA+PuK 
CIA+IND 

28.70 ± 1.06 
79.95 ± 2.97a 
32.80 ± 1.22ab 
35.00 ± 1.01ab 
32.80 ± 1.22ab 
42.02 ± 1.56ab 

136.32 ± 5.07 
196.80 ± 7.33a 
139.40 ± 5.19ab 
141.45 ± 5.26ab 
146.57 ± 5.46ab 
153.75 ± 5.72ab 

99.42 ± 3.70 
148.62 ± 5.53a 
112.75 ± 4.20ab 
120.95 ± 4.50ab 
117.87 ± 4.39ab 
132.22 ± 4.92ab 

4.28 ± 0.15 
9.79 ± 0.36a 
6.49± 0.24ab 
6.22 ± 0.23ab 
6.59 ± 0.24ab 
7.05 ± 0.26ab 

 

Table 11. Effect of kashayams on liver toxicity in CIA rats. Control Group I consists of normal 
rats, CIA Group rats were given 600µg type II collagen, three kashayam treated groups CIA + BgK, 
CIA+PuK and CIA+GuK were given 2ml/kgbwt of kashayam and IND treated groups 3mg/kg bwt 
indomethacin daily for 90 days after arthritis induction with collagen a - statistical significance 
compared to control rats p < 0.05; b-statistical significance compared to CIA at p < 0.05. Values were 
expressed as average of six rats ± SEM in each group. 

.   

7.4.2. Histopathology of liver 

Histopathology of liver shows edema, inflammation, and distorted cellular 

pattern in CIA rats compared to normal rats representing effective disease induction. 

On treatment with kashayams for 90 days of these effects were reversed with normal 

hepatocytes compared to CIA rats. At the same time IND treated rats had evidenced 

edema and variation in cell pattern. The hepatoprotective effect of polyherbal 

formulations can be correlated with the antioxidant capacity that remove the 

damaged cells for healthy restoration organ.   
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7.4.3 Effect of BgK, PuK and GuK on lipid profile in CIA rats 

Lipid profile verified since the studies were for long duration of 90 days. 

Total cholesterol value in serum was increased significantly p < 0.05 in CIA rats 

compared to normal rats. Upon administration of kashayams for a period of 90-day 

it decreased significantly at p < 0.05. HDL cholesterol decreased significantly in 

CIA rat as compared to normal rats while in kashayams treated rats it was reversed 

showing the therapeutic efficiency of PHF. LDL showed reverse effect to that of 

HDL. Triglyceride a risk factor level was significantly raised (p < 0.05) in CIA rats 

that is brought down by kashayams treatment like indomethacin groups. Limi et al 

Fig 45. Histopathology of liver Con – Control group rats with normal hepatocytes (H) and central vein 
(CV). In the rats of CIA group various derangement of H with distorted CV and edema due to the 
infiltration of inflammatory cells (IF). CIA+BgK, CIA+PuK. CIA+GuK – rats treated with kashayams 
and normal H have been shown. In CIA+ IND rats with normal histology and CV but edema evidenced 
by IF and intracellular spaces. Hematoxylin and eosin stains were used to prepare sections of the liver 
and magnification at 40x. 
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(Limi et al, 2017) reported abnormal cholesterol metabolism due to the malfunction 

of HMG CoA synthase particularly during progression of arthritis into 

atherosclerotic condition this was observed in our study also due to extension of 

treatment period to 90 days.  

Groups TC(mg/dL) HDLc (mg/dL) LDL-c (mg/dL) TG (mg/dL) 

Con 
CIA 
CIA+BgK 
CIA+GuK 
CIA+PuK 
CIA+IND 

099.77 ± 3.7 
140.32 ± 5.2a 
116.00 ± 4.3ab 
119.00 ± 4.6ab 
117.00 ± 4.3ab 
119.00 ± 4.4ab 

30.84 ± 1.14 
18.91 ± 0.70a 
26.99 ± 1.00ab 
22.72 ± 0.84ab 
24.00 ± 0.84ab 
25.81 ± 0.9ab 

57.73 ± 2.1 
113.61 ± 4.2a 
74.22 ± 2.7ab 
77.98 ± 2.9ab 
75.98 ± 2.8ab 
82.19 ± 3.0ab 

73.52 ± 2.7 
108.0 ± 4.0a 
82.46 ± 3.0ab 
85.18 ± 3.1ba 
86.26 ± 3.2ab 
87.85 ± 3.2ab 

 

Table 12. Effect of kashayams on lipid profile in CIA rats. Control Group I consists of normal 
rats, CIA Group rats were given 600µg type II collagen, three kashayam treated groups CIA + BgK, 
CIA+PuK and CIA+GuK were given 2ml/kgbwt of kashayam and IND treated groups 3mg/kg bwt 
indomethacin daily for 90 days after arthritis induction with collagen a - statistical significance 
compared to control rats p < 0.05; b-statistical significance compared to CIA at p < 0.05. Values were 
expressed as average of six rats ± SEM in each group. 

 
7.4.4 Effect of kashayams on kidney toxicity parameters in CIA rats 

Kidney function markers like serum creatinine and uric acid value elevated 

significantly in diseased rats as compared to the normal group. But kashayams 

treated diseased groups showed a significant retardation in creatinine, uric acid level 

than that of CIA rats.  

Groups Serum creatinine 
(mg/dl) 

Serum uric acid (mg/dL) 

Con 
CIA 
CIA+BgK 
CIA+GuK 
CIA+PuK 
CIA+IND 

0.68 ± 0.02 
1.69 ± 0.06a 
0.75 ± 0.02ab 
0.77 ± 0.02ab 
0.79 ± 0.02ab 
0.76 ± 0.02ab 

    3.28 ± 0.12 
    6.97± 0.25a 
    3.48 ±0.12ab 
    3.58 ± 0.13ab 
    3.74 ± 0.13ab 
    3.54 ± 0.13ab 

 

 

 

 

7.4.5. Histopathology of Kidney 

Table 13. Effect of kashayams on serum creatinine and uricacid in CIA rats. Control Group I 
consists of normal rats, CIA Group rats were given 400µg type II collagen, three kashayam treated 
groups CIA + BgK, CIA+PuK and CIA+GuK were given 2ml/kgbwt of kashayam and IND treated 
groups 3mg/kg bwt indomethacin daily for 45 days after arthritis induction with collagen a - 
statistical significance compared to control rats p < 0.05; b-statistical significance compared to 
CIA at p < 0.05. Values were expressed as average of six rats ± SEM in each group 
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Histopathological examination of kidney tissue showed numerous 

pathological signs like edematous cells, increased infiltration rate in CIA rats. RA 

afer 90 days of kashayam treatment exhibited normal cellular features and 

arrangements. Positive control IND treated CIA rats have mild edema. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 46. Histopathology of Kidney. Control group Section shows (renal cortex) renal corpuscle 
consist of Bowman’s capsule (BC)with glomerulus (GL). The convoluted tubules(CT) are lined by 
renal epithelium (RE). No pathological lesions seen. CIA shows normal renal corpuscle with 
edematous interstitium. Epithelial lining of convoluted tubules shows mild degenerative changes. 
CIA+BgK, CIA+PuK. CIA+GuK rats treated with kashayams normal renal histology and no 
evidence of nephritis or edema. Absence of edema or nephritis in IND treated groups. Hematoxylin –
eosin stained sections were used at 40x magnification. 

 

 

 7.4.6. Histopathology of Stomach 

After 90 days of kashayam and indomethacin treatment in CIA rats showed 

normal cellular arrangement in stomach of BgK, PuK and GuK treated rats but IND 

treated rats have thick mucosa and moderate pathological lesions.  In CIA rats 
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without treatment after 90days hard mucosa with edematous lumen showing 

infiltration and pathological lesions were the remarkable pathological features in 

stomach. Thus showing a harmful effect of untreated rheumatoid arthritis and also 

gastric problems generated from prolonged treatment with NSAID. 

 

 

 

 

 

 

 

 

 

 

 

Fig.47. Histopathology of stomach. Control group section shows thin mucosa(M) 
submucosa(SM) and muscularis mucosa (MM). The mucosa has a lining of columnar 
epithelium (CE) that inward to form gastric pit (GP) that occupies the one fourth of the 
mucosa.  CIA shows thick M which is closely packed with gastic glands all the layers were 
from pathological changes or lesions. CIA+BgK, CIA+PuK. CIA+GuK rats treated with 
kashayams shows normal architecture of gastric wall. mucosa, submucosa and muscularis 
mucosa are free from inflammation, edema o necrosis. Hematoxylin –eosin stained sections 
were used at 40x magnification. 
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8. Scope of Future work 

 
 

To bring traditional medicine from the label of alternative medicine to the 

main stream, scientific validation was necessary along with clinical proof.  So the 

future aspect of this study should focus on clinical trials of BgK, PuK and GuK in 

human subjects.  The polyherbal formulations kashayams action differ in many 

respects from the actions of single substances or synthetic drugs. All polyherbal 

formulations have multitargeted action so the efficiency of these kashayams in the 

treatment of other autoimmune diseases can be studied. The therapeutic efficacy of 

BgK, PuK and GuK combination can also be performed in future. Despite the fact 

that ayurvedic medicines are based on natural herbal materials, their safety depends 

on their method of administration, taking into account individuals’ needs and their 

specific disease conditions.  
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9. Summary 

 
Kashayams are ayurvedic propitiatory medicine prepared in the form of 

herbal decoction from multiple herbs. BgK, PuK and GuK were classical kashayams 

prescribed in the treatment of rheumatoid arthritis. In order to study the anti-

inflammatory and antioxidant effect of kashayams carrageenan induced acute 

inflammatory model of rats were selected. Acute inflammatory condition and 

therapeutic effect of kashayams assessed from the paw edema by the prophylactic 

application of kashayams at a dose of 2ml/kgbwt. A significant paw edema 

inhibition produced by BgK, PuK and GuK similar to positive control was observed. 

The antiiflammatory enzymes COX, LOX, NOS activities significantly reduced in 

the paw tissues and other signs of inflammation like infiltration of cells including 

neutrophils measured in terms of MPO significantly declined in paw tissues by the 

administration of kashayams. Oxidative stress due to accumulation of free radicals 

in acute inflammatory paw were neutralized by keeping the level of lipid 

peroxidation product MDA, increasing the activity of antioxidant defense enzymes 

SOD, CAT and GPx. The GR activity on GSSG to produce GSH improved 

significantly satisfying the oxidant/antioxidant ratio. Significant decrease in 

proinflammatory cytokines TNFα, IL-1β with lowered translocation of key 

transcription factor NFκB into the nucleus were favored by kashayams.   Thus 

preliminary prophylactic acute inflanmmatory studies provide scientific evidence for 

the anti-inflammatory and antioxidant efficiency of BgK, PuK and GuK.  

Antiarthtritic potential of BgK, PuK and GuK were studied in chronic 

inflammatory disease RA. Collagen induced arthritic model selected of rat with 

2ml/kgbwt kashayam application for a treatment period of 45 days. Chronic 

inflammation and arthritic symptoms measured as arthritic score which was 

represented as arthritic index. It was increased in CIA condition at the same time 

kashayams showed good therapeutic efficiency by bringing down the index 

preventing the progression of RA. Arthritic biomarkers RF, antiCCP, CRP indicated 

the disease severity and generation of autoantibodies were deprived due to action of 

kashayams like that of NSAID indomethacin. By lowering the activities of total 
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COX mainly COX-2, LOX and NOS our formulations exhibited antiinflammatory 

capacity by regulating the release of proinflammatory cytokines. Kashayams intake 

for a period of 45 days rise antioxidant enzymes activities in tissues thus provides 

beneficiary protective effect to internal organs. TLR-4 signal transduction pathway 

was activated in all cells including synovial cells, lymphocytes, mononuclear cells 

during disease induction and the immune complex formed by type II collagen enter 

into the cells through these receptors. Downstream molecules that inturn got 

activated were MD2, Myd88, PGE-2, IRAK1, IκB transactivating NFκB to nucleus. 

Kashayams inhibited these molecules by preventing the translocation of NFκB and 

suppressing the amplification of proinflammatory cytokines TNFα and IL-1β. IL-10 

dampens the inflammatory effects of pro-inflammatory cytokines in overwhelming 

infections which otherwise can lead to potential tissue damage. Thus antirheumatic 

property of kashayams reduced the disease symptoms like joint inflammation, bone 

erosion, synovial hyperplasia, infiltration of cells, cartilage degradation as 

represented in histopathology of synovium. Another pathway blocked by kashayams 

were MAP kinase pathway inhibiting series of phosphorylation including ERK, JNK 

and p38 leads to regulated cell proliferation interfering the cell cycle events. The 

quantity of matrixmetalloproteinases MMP 3 and 9, that hastens the tissue 

degradation and chemokines ICAM, VCAM surface molecules needed for tissue 

interactions in arthritic rats were reduced by kashayams. By maintaining pro/anti-

inflammatory and oxidant/antioxidant balance through TLR4 and downstream 

molecule regulation at transcription level BgK, PuK and GuK were able to regain 

healthy condition of internal organs thus exerted its antiarthritic potential. 

 Immunomodulatory effect of kashayams were studied by estimating IgG, 

IgM, IgA production by B cells which was lowered due to the action of kashayams 

on B cell development since these antibodies represent the maturation stage of B 

cell. As flow cytometer detected lower viable B cells count in treated rats, the data 

strongly confirmed from depleted level of B cell proliferation factors APRIL and 

BAFF, BAFF receptors.  A regulation through anti-inflammatory cytokine IL-10 

was also suggested, since the IL-10 secreting role of B cell cannot be ignored. The 

interplay between B cell and T cell regulated through co -stimulatory interactions 
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inhibited by kashayam as the level of surface markers like CD 28 and CD80 were 

decreased.   

Dysregulation of the JAK-STAT pathway in T helper cells may result in 

various immune disorders. This pathway activated by phosphorylation upon binding 

proinflammatory cytokine and in our study IFNγ hall marked cytokine produced 

from Th1 cell subset quantity decreased by three kashayams. Transcription level 

control in the production of STAT1, STAT3 resulted in the inhibition of JAK-STAT 

pathway which inturn regulated transactivation of Th1 cell specific Tbet 

transcription factor and its specific cytokine gene translation. This affected 

MAPKinase signal transduction pathway mediated cell proliferation. Another 

multiple effector Th cell subset regulated by kashayam through transcriptional 

regulation of RORγ with proinflammatory action releasing IL-17 cyokine was Th17 

cells. It showed significant decrease when STAT3 and IL-23 gets controlled by 

kashayams. SOCS3 an inhibitor of JAK STAT pathway significantly promoted by 

BgK, PuK and GuK suppressed STAT3 and balanced Th17 differentiation. Perhaps 

this had a role in RANKL mediated osteoclastogenesis which had significantly 

inhibited over kashayms that inactivate RANKL secretion. Antiinflammatory 

cytokines IL-4 and IL-10 production by Th2 cells significantly enhanced by 

kashayams that can be correlated to the IFNγ and IL-17 proinflammatory cytokine 

production from Th1 cells polarization. Thus kashayams maintain Th1/Th2 balance 

modulated by Tbet and GATA3 mRNA expression.  T suppressor cells Treg that 

expressed FOXP3 transcription factor with CTLA4 and CD25 receptors were 

augmented by our formulations as evidenced from immunohistoscores. Here, cell 

contact dependent modulation by Treg cells was achieved keeping Th17/Treg ratio 

static. Kashayam exerted immunomodulatory effect by influencing B cell –T cell 

immunodevelopment stages at synovial joints dampening the chronic inflammation 

and other RA symptoms. 

The administration of kashayams for 90 days resulted in restoration of 

normal tissues and reduced toxicity in liver, kidney and stomach except in untreated 

CIA rats and IND treated rats that showed edema and tissue degeneration in these 

organs.  The presence of polyherbs in balaguluchiadi, punarnavadi and 

gugguluthiktam kashayams gave these classical medicines its unique therapeutic 
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potential in reducing pathogenicity associated with RA. Rather individual herbs in 

these polyherbal formulations have reported to contain active principles flavonoids, 

alkaloids, terpenoids etc which exert different mechanism of actions. The synergistic 

effect produced by the combination of these principles may have imparted potent 

anti-inflammatory, antiarthritic and immunomodulatory potential to these classical 

kashayams. The balance between proinflammatory and anti-inflammatory cytokines, 

its synthesis and secretions were maintained thereby regulating chronic 

inflammation. In addition to this oxidant /antioxidant balance were maintained that 

caused healthy restoration of liver, kidney and stomach tissues, providing immunity 

to the whole system/body. This study was the first of its kind which explain 

antiarthritic effect of kashayams through molecular signaling pathways in biological 

systems which provides an insight into scientific validation for kashayams -Indian 

traditional medicine. 
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10. Achievements 

 
i. Salient findings (Technical outcome) 
 

 
• Acute inflammatory studies provide insight to the use of these 

kashayams as potent anti-inflammatory agent with beneficiary 

antioxidant property. 

• Three kashayams maintain the balance between prooxidant and 

antioxidant system of body. 

• Elucidation of molecular signaling pathways of inflammation confirmed 

the action of these kashayams at cellular and molecular level. 

• Studies on pro and anti-inflammatory cytokines provided potent anti-

arthritic property of kashayams. 

• Immunomodulatory studies on proliferation of B cell and T cell 

demonstrates its regulation by kashayams treatment. 

• Long term use of kashayams not showed significant toxic effects in the 

major organs of CIA rats. 

• The outcome of this study scientifically proved the antiarthritic effect of 

classical ayurvedic medicines Balaguluchiadi, Punarnavadi, and 

Gugguluthiktam kashayams. 

 
ii. Publications/Awards/Patents etc 
 
(A) List of Research publications  
 
  i. Journals papers  

 
                a) International:  

 
S AI, et al., Scientific Validation of antiarthritic effect of kashayams- a 

polyherbal formulation in collagen induced arthritic rats. J Ayurveda Integr 

Med (2018), https ://doi.org/10.1016/j.jaim.2018.02.139. 
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ii. Conference/Workshops  
 

(a) International  
 

1. I.S Aswathy, A. Helen. Scientific validation of polyherbal formulation on 
oxidative stress in collagen induced arthritic rats.International conference on 
translational research in free radicals, micronutrient antioxidants and 
functional foods- 2018. All India institute of medical sciences, New Delhi. 

 
2. Aswathy I.S, A. Helen. Anti-inflammatory effect of Gugguluthiktam 
kashayam via JAK-STAT mediated signaling pathway in rheumatoid 
arthritis., International seminar on recent biochemical approaches in 
therapeutics RBAT-IV (2018). Department of Biochemistry, University of 
Kerala. 

  
3. Aswathy I. S., A. Helen. Anti-inflammatory effect of 
punarnavadikashayam in in-vivo model of acute inflammation. International 
seminar 3rd Global Ayurveda festival 2016, Kozhikode. 

 
(b). Regional  

 
Aswathy I.S., A. Helen. Anti-arthritic effect of gugguluthiktamkashayam in 
collagen induced arthritis (Best Paper Award contest)., 27th Kerala science 
congress, January 2017., Thiruvalla. 

 
iii. Communicated: 

 
(a) International: Aswathy I.S, Jasmine Peter, A. Helen. Immunomodulatory 

effect of polyherbal formulations in collagen induced arthritis. Journal of 
Ethnopharmacology.  
 

(b)  National: Aswathy I. S, Vidya Sabu, A.Helen . Anti-inflammatory and 
antioxidant effect of kashayams in in-vivo model of acute inflammation. 
Indian journal of Traditional knowledge. 

 
(B) Awards /Patents taken, if any- Dr.P. A. Kurup Memorial Award for   Best    
Poster presentation, 2018. 
 
(C) Innovations/Technology developed  
 
(D) Application potential   
 
            Scientific validation of Indian traditional medicine is a need of this century. 

In this situation our study claims interlinking of traditional system of medicine with 

modern technology. The work has been done without active principle isolation and 
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extract preparation since it will have lost its authenticity. Kashayams the herbal 

decoctions were used as such and its therapeutic efficiency was explored through 

key molecular pathways which gave justification for its efficiency. Since RA is a 

global disease for globalization of kashayams and economic harmony in 

international markets the study stood out to be unique.  
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