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Abstract
Majoon Chobchini, a polyherbal Unani compound, has been used holistically in India to treat rheumatoid arthritis. How-
ever, the potential mechanism underlying the antiarthritic efficacy of Majoon Chobchini has not been elucidated so far. This 
study was aimed to explore the underlying molecular mechanism and scientifically validate the therapeutic basis of Majoon 
Chobchini in rheumatoid arthritis (RA). The anti-arthritic efficacy of Majoon Chobchini was demonstrated in vivo using 
complete Freund's adjuvant-induced arthritic rat model and adjuvant-induced arthritic fibroblast-like synoviocytes (AA-FLS). 
The expression of pro-inflammatory mediators and enzymes was evaluated in the serum and synovial tissues of adjuvant-
induced arthritis (AIA) rats. In-vitro, AA-FLS, and bone marrow macrophages (BMMs) were co-cultured to evaluate the 
formation and activity of osteoclasts using TRAP staining analysis and pit formation assay, respectively. RANKL and OPG 
levels were detected using western blotting and qRT-PCR analysis. Furthermore, the involvement of JAK-STAT-3 signaling 
in the therapeutic efficacy of Majoon Chobchini was evaluated both in vivo and in vitro. Majoon Chobchini significantly 
reversed the physical symptoms in AIA rats with reduced expression of pro-inflammatory cytokines and enzymes. Nota-
bly, Majoon Chobchini alleviated cartilage degradation and bone erosion in AIA rats via inhibiting the activation of the 
JAK-STAT-3 signaling pathway in the AIA rats. Consistent with its effect in vivo, Majoon Chobchini decreased osteoclast 
inducing potential of AA-FLS and thus attenuated osteoclast formation and bone resorption in vitro. Taken together, our 
findings suggest that the JAK/STAT-3 signaling inhibition may underlie the mechanism through which Majoon Chobchini 
provides relief against RA symptoms.
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Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disorder 
that majorly involves diarthrodial joints. The disease pro-
gression of RA has devastating pathological consequences 
that include persistent inflammation and irreversible destruc-
tion of multiple joints leading to considerable disability and 
reduced life expectancy. It has been reported that a large 
number of immune cells like monocytes, neutrophils, 

dendritic cells, and T cells flood into the synovial compart-
ment, thus engendering chronic inflammation in RA (Hyrich 
and Inman 2001). This excessive immune cell infiltration 
and subsequent paramount inflammatory microenvironment 
activate fibroblast-like synoviocyte (FLS) cells that acquire 
aggressive features and establish invasive synovitis (Susan 
and Firestein 2004). Activated FLS and infiltrating immune 
cells in the hyperplastic synovium, in turn, release various 
pro-inflammatory mediators alike tumor necrosis factor 
(TNF)-α, interleukin (IL)-6, IL-1β, and IL-17 that further 
supports the development and expansion of hyperplastic RA 
synovium (McInnes and Schett 2007). Excessive secretion 
of enzymes (COX-2 and iNOS) also worsens pathological 
disease manifestations of RA via damaging complex anti-
oxidant defense systems and inducing a sustained oxidative 
stress environment (Jaswal and Mehta 2003). While pro-
inflammatory cytokines and enzymes exert their pathogenic 
activities through precipitating inflammation in synovial 
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tissues, they also promote osteoclastogenesis via upregu-
lating RANKL expression. Receptor activator of nuclear 
factor kappa-B ligand (RANKL), an osteoimmunological 
molecule, is majorly secreted via RA-FLS cells and necessi-
tates osteoclast differentiation and activation that aggravates 
bone erosion process in RA (Jung et al. 2014).

Currently, combinational use of disease-modifying 
anti-rheumatic drugs (DMARDs) and biologics is widely 
considered early aggressive therapy for treating and man-
aging RA. However, these therapeutic settings develop 
opportunistic infections, and many patients cannot toler-
ate them well. Also, cytokine blockade therapies are more 
expensive, and the route of administration is restricted (Luo 
et al. 2013). Indeed, blockade of RANKL has attained great 
clinical attention as it prevents the bone erosion process in 
RA patients; however, it acts only on bone and exhibits no 
clinical benefits in controlling synovial tissue inflammation 
and cartilage destruction. Therefore, therapeutics that target 
many pro-inflammatory cytokines and effectively prevent 
synovial inflammation and bone destruction with minimal or 
no toxic regimen are greatly needed for RA patients.

Natural products have now been widely used worldwide 
as a complementary and alternative medicine to treat various 
disorders, including autoimmune diseases. The medicinal 
value of Spirulina platensis (Freitas et al., 2021), Syzygium 
fruticosum (Moni et al., 2021), Lepidagathis hyaline (Fahad 
et al., 2021), Aglaonema hookerianum (Goni et al., 2021), 
Caesalpinia ferrea (Macedo et al., 2020), Amburana cea-
rensis (Silva et al., 2020), Rhamnus triquetra (Iqbal et al., 
2020) has been recently at the forefront. Various medicinal 
plants possess bioactive components like furazan-3 amine 
(Khan et al. 2020), andrographolide (Hossain et al. 2021), 
and bromelain (Chakraborty et al. 2021) with anti-micro-
bial, neuro-modulatory, anti-oxidant, anti-thrombolytic, and 
anti-cancer pharmacological properties. For instance, emo-
din has been evaluated for its therapeutic efficacy against 
tumor growth in lung carcinoma (Akkol et al. 2021a, b). 
Also, coumarin, furanocoumarins, and other coumarin-
associated compounds help overcome the side effects and 
drug resistance of chemotherapeutic agents and possess 
high anti-cancer activities (Ahmed et al. 2020; Akkol et al. 
2020). Furthermore, salvinorin A has been demonstrated to 
strongly inhibit ovalbumin-induced airway hyperreactivity 
(Rosi et al. 2017). Most importantly, terpineol exhibited a 
neuroprotective effect via modulation of dopamine receptor 
D2 in an inflammatory animal model of depression (Vieira 
et al. 2020). Unlike terpineol, several other natural com-
pounds like African oil palm are used to treat neurological 
disorders (Akkol et al. 2021a, b; Islam et al. 2021). While, 
the anti-nociceptive and anti-inflammatory activity of Ophi-
orrhizarugosa rugose have been ascribed in various painful 
settings (Uddin et al. 2021). Notably, the adverse effects of 
prescribed drug–food interactions, especially for COVID-19, 

have highlighted the medical importance of natural com-
pounds in treating several inflammatory diseases (Aga-
gunduz et al. 2021). A National Centre of Complementary 
and Integrative Health (NCCIH) pilot study found that the 
conventional gold standard drug, methotrexate, and ayur-
vedic treatments were similarly efficacious for RA. Indian 
traditional medicinal systems, particularly the Unani sys-
tem, include several naturally derived herbal formulations 
that have long been recommended in the treatment of RA. 
UNIM-301, a polyherbal Unani formulation administered 
via oral gavage, exhibited intense anti-arthritic activity via 
modulating the expression levels of TNF-a, IL-6, and IL-1β 
in an adjuvant-induced rat arthritic model. Also, the same 
report has negated the toxic side effects associated with 
chronic and long-term use of UNIM-301 (Singh et al. 2015).

Moreover, our previous report has demonstrated an anti-
arthritic efficacy of an aqueous suspension of Majoon Ushba 
via altering NF-κB and MAPKs pathway in fibroblast-like 
synoviocyte (FLS) cells obtained from adjuvant-induced 
arthritic (AA) rats (Ganesan et al. 2016). Majoon Chobchini 
(MC) is a polyherbal Unani compound that has been used 
holistically in India to treat RA. However, its scientific vali-
dation and underlying therapeutic mechanism in RA have 
still not been elucidated. Notably, NCCIH/National Institutes 
of Health (NIH) future strategic plans have strongly empha-
sized exploratory efforts in unraveling the therapeutic mech-
anism of action of Unani products for its scientific valida-
tion in clinical settings. Therefore, the current investigation 
aimed to identify and propose a scientific molecular basis 
for the therapeutic intervention of Majoon Chobchini in RA.

Materials and methods

Chemicals and reagents

Complete Freund’s adjuvant (CFA), methotrexate, and 
TRAP staining kit were both procured from Sigma-Aldrich 
(St. Louis. MO). ELISA analysis kits for genes TNF-α, 
IL-1β, IL-6, and IL-17 were bought from PeproTech (Rocky 
Hill, USA). Dulbecco’s modified Eagle’s medium (DMEM) 
along with fetal bovine serum (FBS) and antibiotic solu-
tion were all obtained from Gibco BRL (Grand Island, NY, 
USA). FITC-conjugated monoclonal CD90.2 antibody was 
purchased from BioLegend (San Diego, CA, USA). JAK-
1, p-JAK-1, JAK-3, p-JAK-3, STAT-3, p-STAT-3, RANKL, 
OPG primary antibodies were purchased from ABclonal 
(Woburn, MA, USA), and secondary antibodies conjugated 
with HRP and FITC were obtained from Cell Signaling 
Technology (Beverly, MA, USA). 4′, 6-diamidino-2-phe-
nylindole (DAPI) was obtained from Thermo Fischer Sci-
entific (Waltham, Massachusetts, USA). All other reagents 
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and solvents for experimental use were of analytical standard 
procured from local commercial sources.

Animals

Wistar Albino experimental rats of 150–180 g (either sex) 
were obtained from the Animal House Facility of the School 
of Biosciences and Technology (SBST), Vellore Institute 
of Technology (VIT), Tamil Nadu, India. All experimental 
animals were kept in an Institutional animal house and were 
made acclimatized to conventional housing conditions of 
25 ± 2 °C with a 45–55% humidified atmosphere and 12-h 
light–dark cycle. Experimental rats were allowed free access 
to commercial food and sterilized water ad libitum. The ani-
mal experiments and protocols were endorsed by the Institu-
tional Animal Ethical Committee (IAEC), Vellore Institute 
of Technology India (VIT/IAEC/15/Sep2/28; dated Sep 2, 
2018) and followed the guidelines of the Committee for the 
Purpose of Control and Supervision on Experiments on Ani-
mals (CPCSEA), India.

Drug and dosage

Majoon Chobchini was purchased from the National Insti-
tute of Unani Medicine (NIUM), Bangalore, India. The 
drug is processed via blending functional herbal parts of 10 
various plants of medicinal value (Table 1), as mentioned 
in the Indian Unani Pharmacopoeia, Part-II, Volume I by 
Ministry of AYUSH, Government of India. Briefly, Majoon 
Chobchini (100 g) was dissolved in sterile milli-Q water 
and extracted using ultrasonication for an hour at room tem-
perature. The semi-solid extract of Majoon Chobchini was 
then collected, and the contents were dried under reduced 
pressure using a rotary evaporator, lyophilized, and stored 
at – 20 °C for further downstream use. In the preliminary 
dose-finding study, a homogeneous aqueous suspension of 
Majoon Chobchini was prepared in 1% phosphate-buffered 
saline, and arthritic rats were treated with increasing concen-
trations of Majoon Chobchini (250, 500, 750, and 1000 mg). 

A significant reduction in paw swelling and inflammation 
was observed in 500–1000 mg/kg b wt doses of Majoon 
Chobchini. These two therapeutic dosages were selected for 
further experiments. However, the dried extract of Majoon 
Chobchini was suspended in a cell culture medium and 
sterile filtered before the in vitro experiments. Methotrex-
ate (MTX), a gold standard anti-arthritic care medicine at 
1 mg/kg b wt dosage, was used as a reference drug based on 
the previous reports.

Establishment of arthritis and treatment protocol

Arthritis was established in the experimental rats according 
to the previously published procedure (Ganesan et al. 2016). 
In brief, experimental rats were intradermally administered 
with 0.1 ml CFA (per ml paraffin oil containing 10 mg 
of heat-killed M. tuberculosis) into the right hind foot of 
rats on day 0. Following adjuvant injection, the rats were 
randomly caged into six groups (n = 6 per group). Group 
A: non-arthritic rats received no administration or treat-
ment. Group B: adjuvant-induced arthritic (AA) control 
rats received CFA. Group C and Group D contain AA rats 
orally administered with aqueous suspensions of Majoon 
Chobchini at 500 and 1000 mg/kg b wt, respectively. Group 
E: AA rats were injected intraperitoneally with the standard 
drug methotrexate (1 mg/kg b wt). The Majoon Chobchini 
or reference standard drug methotrexate treatment was initi-
ated on day 11 when the clinical signs of arthritis peaked. 
The treatment was given one time daily for 10 days, i.e., 
11th to 20th day. After the completion of treatments and 
post-radiographic assessment, the rats were subjected to the 
euthanasia method of sacrifice, and serum was separated for 
analysis. Hind limbs were aseptically separated and fixed in 
a 10% formalin.

Physical measurement of arthritis

The elevation of arthritis severity was measured every 2 
days by two independent observers post adjuvant induction. 

Table 1  Medicinal plant 
ingredients of Majoon 
Chobchini

SL. no. Unani name Scientific name Parts used Weight in g (g)

1 Chobchini Smilax china Linn Rhizome 250
2 Khusyat-us-Salab Orchis mascula Linn Tuber 50
3 Khulanjan Alpinia galanga Willd Rhizome 40
4 Gul-e-Gaozaban Borago officinalis Linn Flower 25
5 Behman Safaid Centaurea behen Linn Root 25
6 Behman Surkh Salvia haematodes Linn Root 25
7 Shaqaq-ul-Misri Pastinaca secacul Linn Rhizome 25
8 Abresham Bombyx mori Moth., Silk cocoon 15
9 Mughas Litsea chinensis Lam Bark 15
10 Jadwar Delphinium denudatum Wall Tuber 10
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The substantial changes in body weight and degree of paw 
edema were scored via a widely used grading system, in 
a blinded fashion, based on a scale of 0–4: 0 = absence of 
inflammation; 1 = possible inflammation and redness of the 
digit; 2 = moderate inflammation and redness; 3 = severe 
inflammation and redness of the limb and 4 = most severe 
inflammation, redness, physical deformity and disability 
of the limb. Bodyweight and paw edema were assessed 
using weighing balance and Vernier caliper, respectively. 
Pre-induction values for body weight and paw edema were 
measured just before arthritis induction and were considered 
as a baseline for assessing the physical changes on subse-
quent days.

For radiographic images of the hind limbs of experimen-
tal rats, the following protocol was performed on day 21 
prior to sacrifice under anesthesia. The images were pro-
cessed using X-ray MBR-1505R (Hitachi Medical Corpora-
tion, Japan) apparatus and film (Fuji Film, Tokyo, Japan). 
Rats were placed with a focal distance of 60 cm below the 
X-ray source operated at 5 mA with 40 kV and exposed for 
about 1 s. The severity of the joint deformity was certified 
on a large scale of 0–4 according to the extent of joint space 
and changes in joint structure by two observers not informed 
of the experimental conditions.

Hot plate test

The anti-nociceptive activity of Majoon Chobchini on exper-
imental rats was measured using a hot plate test. Rats were 
centrally placed on a hot plate enclosed with four plexiglass 
walls and maintained at a stable temperature of 55 °C. The 
reaction time taken for either to start paw licking or jump-
ing was recorded. The rats were withdrawn from the plate 
immediately post licking a hind paw or with the absence of 
response occurred within 30 s. The drug was orally admin-
istered 30 min before performing the procedure, and the 
experiment was carried out three times in an interval of 
5 min duration.

Histopathology analysis

Post fixation with 10% neutral-buffered formalin, the excised 
rat hind limb was decalcified using 10% EDTA solution. 
Then, the decalcified joint specimen was subjected to dehy-
dration using different graded series of alcohol. Following 
paraffin embedding, the knee joints were sectioned coro-
nally (5 µm) and stained with hematoxylin and eosin dye 
(7 min). Next, the sections were washed with distilled water 
for 10 min for morphological evaluation. Further, separate 
sections were stained with safranin O (0.1% for 5 min) to 
assess the integrity of cartilage tissue. The stained tissue 
sections were focused under a microscope for evaluating cel-
lular infiltration, joint space, pannus thickness, and cartilage 

degradation with slight modification. Staining intensity was 
assessed for three sections per sample under blinded condi-
tion by two individual pathologists on a semi-quantitative 
scale of five-point (0 = absent, 1 = weak inflammation, 
2 = mild inflammation, 3 = severe inflammation, and 4 = very 
severe inflammation).

Estimation of reactive oxygen species (ROS)

Detection of ROS expression levels in the synovial tissues 
of experimental rats was assessed using 2, 7-dichlorofluo-
rescein diacetate (DCFDA) fluorescent dye. Briefly, homog-
enized synovial tissues from the respective experimental 
groups were treated with DCFDA (10 µM) at 37 °C for 1 h. 
Post ice-cold phosphate-buffered saline (PBS) wash, the 
ROS levels were quantified using a fluorescence spectro-
photometer (F-7000 FL Spectrophotometer) via estimating 
the release of fluorescent DCF with an excitation wavelength 
(488 nm) and an emission wavelength (510 nm).

Western blot analysis

Total proteins from synovial tissues of experimental groups 
and isolated cells were extracted using RIPA lysis buffer 
(Sigma, USA) consisting cocktail of protease and phos-
phatase inhibitor. Following protein estimation via the Brad-
ford method (Bio-Rad, Hercules, CA, USA), the lysates with 
30 µg protein per lane were separated in 10% SDS-PAGE 
and electrotransferred onto membranes (polyvinylidene dif-
luoride) (Amersham Pharmacia Biotech, Uppsala, Sweden). 
Next, membranes containing separated proteins were incu-
bated with 5% BSA overnight at  4˚C and then subsequently 
probed with primary antibodies targeted against JAK-1 
(total), p-JAK-1, JAK-3 (total), p-JAK-3, STAT-3 (total), 
p-STAT-3, RANKL levels, and OPG for overnight at 4 °C. 
After the respective primary antibody incubation, primary 
antibodies were reacted with HRP-labelled secondary anti-
bodies for two h at 37 °C. The protein bands were imaged 
using enhanced chemiluminescence (ECL) solution (Mil-
lipore, USA), and immunoreactive bands were developed 
in autoradiography film. β-Actin was considered a loading 
control, and the relative protein expression was calculated 
using software ImageJ version 1.48 (Wayne Rasband, Mary-
land U.S.).

Estimation of cytokine production

The concentration of cytokine (TNF-α, IL-6, IL-17, and 
IL-1β) levels was estimated in the serum samples of experi-
mental rats using commercial ELISA kits (PeproTech, NJ, 
USA). The optical density (OD) values for the samples were 
taken at 405 nm wavelength with a correction wavelength of 
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630 nm using a BioTek microplate reader (BioTek, Hercules, 
CA, USA).

Quantitative real‑time polymerase chain reaction 
(qRT‑PCR) analysis

Post extraction using TRIzol reagent (Sigma Aldrich, St. 
Louis, USA) and purity check, the isolated total RNA 
was quantified using Nanodrop (Nanodrop Technolo-
gies, Wilmington, DE, USA). The synthesis of cDNA 
using a higher-capacity cDNA reverse transcription 
326kit (Applied Biosystems, CA, USA) was carried out. 
Quantitative PCR was then performed using the Eva-
Green Supermix PCR kit (Bio-Rad, Hercules, CA, USA) 
onto the manufacturer’s protocol. The designed primer 
sequences are shown in Table 2. Amplification was per-
formed under the cycling parameters: 95 °C (15 min), 
94 °C (15 s), 40 cycles of 60 °C (30 s), and 72 °C (30 s) 
using C1000 Touch PCR detection instrument (Bio-Rad, 
Hercules, CA). GAPDH was used as an internal control 
for normalization of the relative mRNA values of cor-
responding target genes, and the results were calculated 
using the  2−ΔΔCT comparative cycle threshold method.

Immunohistochemistry

For deparaffinization, knee joint tissue sections were 
passed through xylene solutions and rehydrated with 
graded alcohol series. The sections were blocked for per-
oxidase activity using 0.3% hydrogen peroxide in metha-
nol for 20 min and then blocked at 37 °C for one hour 
with BSA (5%). After incubation with primary anti-rat 
iNOS and anti-rat COX-2 antibodies overnight at 4 °C, 
the sections were then reacted with HRP-conjugated sec-
ondary antibody for another 30 min at room temperature. 
Next, the antibody interaction was detected with DAB 
(3, 3-diaminobenzidine) substrate. Tissue sections were 
carefully counterstained using hematoxylin. Post staining, 
sections were again dehydrated to be permanently fixed 
for microscopy analysis. The stained sections were further 

captured under the Olympus photomicroscope (Tokyo, 
Japan).

Isolation of bone marrow monocyte‑macrophage

Bone marrow monocyte-macrophage cells (BMMs) were 
obtained, as mentioned previously (Ganesan and Rasool 
2019). Briefly, rat hind legs were separated at the hip joint, 
with intact femur region. After the clearance of excess joint 
tissue muscle, both ends of the femur region were removed 
sterile, and a needle (25-G) with complete cell culture 
DMEM medium was used to remove the bone marrow onto 
a sterile culture plate. The collected cells were seeded for 
12 h in DMEM medium supplemented with 10% FBS and 
1% antibiotic–anti-mycotic solution. Following completion 
of incubation, non-adherent cells were pelleted and resus-
pended further in a complete DMEM cell culture medium. 
Lastly, cells were cultured in 60 mm tissue culture dishes 
in the presence of M-CSF (macrophage colony-stimulating 
factor) (25 ng/ml) concentration for consecutive 3 days.

Isolation and primary culture of fibroblast‑like 
synoviocytes cells

At the peak episode of arthritis, the hind paws of AA rats 
were surgically removed, and synovial joint tissues were pro-
cured under a sterile condition. Subsequently, freshly iso-
lated synovial tissues were minced with type II collagenase 
(0.4%) prepared in DMEM supplemented with 5% FBS incu-
bated at 37 °C for 4 h. The isolated cells were then cultured 
in DMEM medium supplemented with 10% FBS and 1% 
antibiotic–anti-mycotic solution and incubated at 37 °C for 
cells to properly adhere. Post incubation overnight, the non-
adherent synovial cells floating in the culture medium were 
replaced with freshly prepared complete DMEM media. The 
cultured cells were then immediately passaged upon 90% 
confluency and used for downstream experiments.

Table 2  Primer sequences Sequences of the primer pairs used for qRT-PCR

TNF-a 5'-GGC ATG GAT CTC AAA GAC AACC -3' 5 '-AAA TCG GCT GAC GGT GTG G-3 '
IL-6 5' -TAC CAC TTC ACA AGT CGG AGG-3 ' 5 '-CAA TCA GAA TTG CCA TTG CAC AAC -3 '
IL-1β 5' -TCT CAC AGC AGC ATC TCG AC-3 ' 5 '-GGT CTC ATC ATC CCA CGA G-3 '
IL-17 5' -TCC AGA AGG CCC TCA GAC TACC-3 ' 5 '-AGG CTC CCT CTT CAG GAC CAG-3 '
COX-2 5' -CTC TTC CGA GCT GTG CTG C-3 ' 5 '-TGT GTT TGG GGT GGG CTT C-3 '
iNOS 5' -GGC TAC CAG ATG CCC GAT G-3 ' 5 '-CCA CTC GTA CTT GGG ATG CTC-3 '
RANKL 5' -CCG AGA CTA CGG CAA GTA CC -3 ' 5 '-CTG CGC TCG AAA GTA CAG GA-3 '
OPG 5 '-ACA GTT TGC CTG GGA CCA AA-3 ' 5 '-TC ACA GAG GTC AAT GTC TTG GA-3 '



 3 Biotech (2021) 11:436

1 3

436 Page 6 of 21

FLS characterization and treatment

The synovial FLS cells on passage 4 were processed for 
phenotypic characterization by staining with FITC-conju-
gated CD90.2 monoclonal antibody as described previously 
(Ganesan and Rasool 2019). Briefly, isolated cells were 
stained with FLS cell surface CD 90.2 marker and analyzed 
using FACS caliber system (BD Biosciences, New Jersey, 
USA). These cells were further passaged and used for sub-
sequent experiments. For treatment, control FLS cells were 
left untreated. AA-FLS cells were incubated with or without 
Majoon Chobchini (200 and 300 µM) or methotrexate (1 µg/
ml) for 24 h.

TRAP analysis

For osteoclast differentiation, AA-FLS-treated/untreated 
cells were co-cultured with BMMs in quantity tissue culture 
plates described previously (Ganesan and Rasool 2019). Fol-
lowing differentiation, TRAP analysis was carried out using 
a TRAP staining acid phosphatase kit (Sigma Aldrich; St. 
Louis, MO). The TRAP staining solution was then removed, 
cells were rinsed in PBS and fixed for 15 min with formal-
dehyde solution (4%) at room temperature. The cells that 
were found TRAP-positive and contained ≥ 3 nuclei were 
focused under an inverted Olympus microscope and were 
considered as matured osteoclasts. The number of formed 
osteoclasts per experimental group was the value averaged 
from the triplicates performed in the experiment.

Bone resorptive assay

Following AA-FLS treatment, cells were co-cultured with 
rat BMMs on a 24-well Corning Osteo-Assay surface plate 
(Corning Life Sciences, MA, USA) made up of a smooth 
surface that mimics bone mineral composition. Post 7-day 
incubation, the culture medium was carefully aspirated, and 
the cells were smoothly removed using 100 μl of bleach 
solution (10%) incubated at room temperature for 5 min. 
Following the bleaching process, the plate was rinsed in PBS 
and air-dried for about 3–5 h for photographs of the resorp-
tion area formed by the functional matured osteoclasts using 
an inverted Olympus microscope (Olympus, Tokyo, Japan) 
(magnification 40 ×).

Immunofluorescence staining analysis

FLS cells were seeded onto glass coverslips (gelatin-coated) 
for fluorescence staining and placed in a six-well tissue cul-
ture plate. The attached cells were fixed using paraformalde-
hyde (4%) solution, permeabilized with Triton X-100 (0.2%) 
solution for 5 min, and blocked with incubation in BSA 
(5%) for 30 min at room temperature. The coverslips were 

suspended in primary anti-p-STAT-3 antibodies overnight at 
4 °C. STAT-3 expression was detected using FITC-tagged 
secondary antibody upon incubation at room temperature for 
2 h. Cell nuclei were then visualized with 4′6-diamindino-
2-phenylindole (DAPI; 1 µg/ml) (Sigma-Aldrich, St Louis, 
MO, USA) for 5 min and fluorescent-stained images were 
photographed using fluorescence microscopy (Olympus 
America, Melville, NY, USA).

Liquid chromatography–Mass spectrometry (LC–
MS) analysis of Majoon Chobchini

The LC–MS analysis of Majoon Chobchini was determined 
using Dionex Ultimate 3000 micro-LC fitted with C18, 
150 × 4–6 mm, and 5 µm reversed-phase column (Thermo 
Fisher Scientific, Waltham, MA, USA). The mobile phase 
used was water and acetonitrile at a constant flow rate of 
200 µl/min. Initially, the sample was mixed in a 1:1 ratio 
of acetonitrile and methanol. Next, the mixture was then 
vortexed and sonicated. The prepared sample was diluted 
at 1:10 times, after which the samples were mixed in the 
mobile phase, and 40 µl was injected into the LC–MS col-
umn for analysis. The mass spectra were generated at 70 eV 
electron impact ionization energy with a mass range (m/z 
40–500) at a rate of 0.5 scan/s. The bioactive constituents of 
Majoon Chobchini were pinpointed via comparison of the 
retention time (RT) and generated mass spectra of each sepa-
rated peak with reference spectra to the LC/MS data bank.

Acute toxicity study of Majoon Chobchini

The acute toxicity study of Majoon Chobchini was in accord-
ance with the Organization for Economic Cooperation and 
Development (OECD) guidelines for the testing of chemi-
cals—420. To minimize the use of animals, a limit test at a 
single oral dose of 2000 mg/kg b wt. Majoon Chobchini was 
performed using female Wistar albino rats (n = 5 per group; 
150–180 g). In parallel, five experimental rats were given no 
treatment to establish a comparative normal control group. 
All experimental rats were observed periodically for initial 
24 h and then once per day for continuous 14 days (Traesel 
et al. 2014).

Sub‑acute toxicity determination of Majoon 
Chobchini

For evaluation of repeated 28-day toxicity of Majoon Chob-
chini, the animals were randomly divided into three experi-
mental groups (n = 10/group; five males and five females in 
each group). Group I received no treatment and served as 
a negative control. Group II was administered orally daily 
once with 1000 mg/kg b wt. of Majoon Chobchini for 28 
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consecutive days. Group III (satellite group) received a max-
imum dose of 1500 mg/kg b wt. of Majoon Chobchini for 
28 days and were then scheduled for follow-up examinations 
for the next 14 days. The doses selected were in accordance 
with the OECD guideline—407 (28 days—repeated dose 
oral toxicity study). During the period of treatment, body 
weight, food, and water intake and clinical examination for 
the possible signs of toxicity were assessed once daily.

Post treatment, all experimental animals were sacrificed, 
and blood samples were collected for examining various 
hematological parameters as described previously (Traesel 
et al. 2014). Also, biochemical analysis for the markers of 
renal activity (blood urea, creatinine, and bilirubin), liver 
(alanine aminotransferase and aspartate aminotransferase), 
and other parameters like albumin and cholesterol were per-
formed using a commercially available kit (Roche).

Furthermore, the vital organs (kidney, liver, spleen) were 
weighed and fixed in buffered formalin (10%). Post fixa-
tion, samples were paraffin-embedded, sectioned (5 µm), and 
stained with hematoxylin and eosin to be examined under 
a light microscope for histological parameters like degen-
eration, congestion, necrosis, extravasation of blood, and 
fibrosis.

Statistical analysis

The statistical calculation was determined with SPSS win-
dows version 15.0 (Cary, NC). The experimental data were 
presented as mean ± SEM (standard error of the mean). The 
significant difference between control and treatment groups 
was determined by one-way analysis of variance (ANOVA) 
with the help of Bonferroni multiple comparison post test. 
At p values < 0.05, the data were considered statistically 
significant.

Results

Reckoning the bioactive components of Majoon 
Chobchini

The majority of herbal medicines are reservoirs of bioac-
tive compounds that provide pharmacological benefits. In 
this study, the phytochemical screening for the presence of 
bioactive compounds in Majoon Chobchini was performed 
using LCMS analysis. The LC chromatogram of Majoon 

Fig. 1  LC–MS chromatogram of Majoon Chobchini. Representa-
tive chromatograms of Majoon Chobchini (MC) for identification 
of bioactive compounds at RT A 4.1 min B 14.1 min C 25.2 min D 
30.4 min. LC–MS Liquid Chromatography–Mass Spectroscopy

▸
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Chobchini was shown in Fig. 1. The major bioactive chemi-
cal components of Majoon Chobchini were obtained by 
comparing corresponding LC chromatogram peaks reten-
tion time with mass spectra of LC–MS data bank. LC–MS 
analysis showed the presence of various bioactive chemical 
components in Majoon Chobchini (Table 3).

Majoon Chobchini attenuates the development 
of arthritis in the AA model

The onset of the arthritis disease severity is phenotypically 
marked by a decrease in body weight and pronounced paw 
swelling. We, therefore, explored whether Majoon Chob-
chini exhibited anti-arthritic efficacy via restoration of body 

Table 3  Bioactive components 
of MC from LCMS data

SL. no. Parent mass Score Compound

1 286.1513 0.7660 Piperine
2 145.0534 0.666 Dimethylfumarate (fumaric acid)
3 325.1200 0.28663

0.31142
0.34753

Mahaleboside Phaseolidin
Glabridin

4 487.1693 0.39265
0.37848

Pyranocyanin
Linalool

5 317.1796 0.2965 0.24745 0.56059 
0.51370 0.4424 0.4422

Pollenitin
Homoferreirin
Gingerol
Calendic acid
Nordihydrocapsiate Perilloside

6 611.3570 0.5052 0.5050 0.4683 
0.4462 0.4332 0.0109 
0.0496

Delphinidin 3 rhamnoside 5 gluco-
side Quercetin 3 galactoside

Hesperidin
Cyanidin 3 glucogalactoside
Cyanidin 3 gentiobioside
Liensinine
Endomorphin I

7 454.2832 0.3465 Colupox A
8 595.1672 0.3718

0.3053
0.2716
0.3503
0.4691
0.3579
0.3380

Scoporin xyloside
Epigallocatechin
Gallocatechin
Gravebioside
Isorientin 6 rhamnoside
Cyanidin 3 rhamnoside 5 glucoside
Cyanidin 3 rutinoside

9 69.0292 0.4167 Hydroxypropionic Acid
10 69.0648 0.4163 Hydroxypropionic acid
11 115.0557 0.4316

0.4225
Hydroxypropionic acid
Pterin

12 135.0472 0.4123 Hydroxybutyric acid
0.3766 Polyglutamic acid
0.2857 Pyrrolidone carboxylic acid

15 159.0482 0.1851
0.1782

Dimethyl 5 heptenol
2 Ethly 2 heptenol

16 171.0489 0.3652 Cichorigenin
17 201.0607 0.4736 3 Methyl 2 phenylbutanol
18 123.0456 0.4444 Barbituric acid
19 161.0998 0.2930

0.3632
Triden penatyne
Ketogluaramic acid

20 235.1742 0.17527
0.15723

Trimethoxycinnamate
Trimethoxycinnamic acid

21 69.0652 0.413 Hydroxypropionic acid
22 133.1032 0.3766

0.2857
Polyglutamic acid
Pyrrolidone carboxylic acid

23 175.1538 0.3154 Cichorigenin (Asculetin)
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weight and decrease in paw swelling in the CFA-induced 
arthritis (AA) model of RA. The development of arthritis 
was at its peak on day 11 post single intradermal injection of 
CFA. The in vivo treatment schema for the experimental ani-
mals is represented in Fig. 2A. However, oral administration 
of Majoon Chobchini in AA rats diminished paw swelling 
and induced a normal increase in body weight compared to 
AA control rats (Fig. 2B–D). Notably, high-dose treatment 
of Majoon Chobchini (1000 mg/kg b wt) was more effective 

in diminishing paw swelling and improving body weight 
gain than 500 mg/kg b wt dose in AA rats (Fig. 2B–D). A 
similar reduction in paw swelling and increased body weight 
was demonstrated in AA rats treated with MTX (1 mg/kg 
b wt) (Fig. 2B–D).

The disease progression of arthritis is also mani-
fested by nociceptive behavior and joint pathological 
changes like massive cellular infiltration, reduced joint 
space, pannus formation, and cartilage degradation. In 

Fig. 2  Effect of Majoon Chobchini (MC) treatment in CFA-induced 
arthritic (AA) rats in vivo. Rats were injected with CFA into the right 
hind foot on day 0. MC and MTX were orally administered once daily 
from day 11 to day 20. A Experimental timeline indicating in  vivo 
arthritic induction and treatment schedule of Majoon Chobchini 
(MC). B Photographs of representative macroscopic paw images on 
day 21 and assessment of physical changes, such as C paw thickness 
and D alterations in body weight, were assessed. E Anti-nociceptive 

activity of Majoon Chobchini (MC) in experimental rats. F Repre-
sentative images of H & E stained knee joints in experimental rats 
for pathological changes like cellular infiltration, joint space and 
pannus formation (Original Magnification × 100 and × 400). Black 
double arrow: joint space and red arrow: pannus formation. All error 
bars represent mean ± SEM. ***p < 0.001 vs control. ###p < 0.001, 
##p < 0.01 and #p < 0.05 vs AA rats. CFA Complete Freund’s adju-
vant, SEM standard error of mean
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the present study, the anti-nociceptive phenomena of 
Majoon Chobchini were evaluated via a hot plate test. 
As shown in Fig. 2E, the response time of AA rats to 
nociception was dramatically reduced in comparison to 
normal rats. Whereas treatment of AA rats with Majoon 
Chobchini (1000 mg/kg b wt) or methotrexate (1 mg/kg 
b wt) showed better analgesic activity as determined by an 
increase in response time (Fig. 2E). However, the effect 
of Majoon Chobchini on joint pathological changes was 

evaluated via histological studies. In histological exami-
nation, knee joints of AA rats showed severe joint space 
narrowing, mass infiltration of immune cells, and pan-
nus formation (Fig. 2F). Importantly, normal joint space, 
attenuated immune cell infiltration, and pannus structure 
were examined in AA rats administered with Majoon 
Chobchini at 1000 mg/kg b wt dose (Fig. 2F).

Fig. 2  (continued)
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Majoon Chobchini ameliorates pro‑inflammatory 
cytokines expression in AA rats

Pro-inflammatory mediators are known to favor the devel-
opment and progression of arthritis. Thus, we studied the 
effect of Majoon Chobchini on the expression of pro-
inflammatory mediators, such as TNF-α, IL-6, IL-1β, and 
IL-17, in AA rats. As shown in Fig. 3A, B, we found sig-
nificantly higher expression of TNF-α, IL-6, IL-1β and 
IL-17, in the synovial tissue at the mRNA level and in 
the serum at protein level, in AA rats in comparison to 
its expression levels in normal rats. In contrast, admin-
istering a higher dose of Majoon Chobchini (1000 mg/

kg b wt) markedly decreased pro-inflammatory cytokine 
protein and mRNA expression levels in AA rats (Fig. 3A, 
B). Altered protein and mRNA expression of TNF-α, 
IL-6, IL-1β, and IL-17 were also observed in AA rats that 
were administered with MTX (1 mg/kg b wt) (Fig. 3A, 
B). Cumulatively, these results documented that Majoon 
Chobchini inhibited the production of critical pro-inflam-
matory cytokines that mainly contributes to immune cell 
influx and synovial tissue inflammation pertaining to the 
disease severity of RA.

Fig. 3  Effect of Majoon Chobchini (MC) on the cytokine over-
production in AA rats. A The q-RT-PCR analysis was performed to 
measure the expression of TNF-α, IL-1β, IL-6, and IL-17 in the syno-
vial tissues of AA rats. B The protein levels of TNF-α, IL-6, IL-1β 
and IL-17 were assessed in the serum samples of experimental rats 

by ELISA. All error bars depict mean ± SEM of three independent 
experiments. ***p < 0.001 vs control. ###p < 0.001, ##p < 0.01 and 
#p < 0.05 vs AA rats. TNF tumor necrosis factor, IL interleukin, AA 
adjuvant-induced arthritis
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Free radical scavenging activity of Majoon 
Chobchini in AA rats

Oxidative stress is often associated with the increased 
production of several pro-inflammatory mediators in RA. 
Excessive ROS level establishes oxidative stress environ-
ment, so we examined the effect of Majoon Chobchini on 
the level of free radicals in the synovial joint tissue of 
AA rats via the DCFH-DA method. As shown in Fig. 4A, 
increased ROS levels were observed in AA rats as detected 
with an enhanced release of fluorescent DCF. In contrast, 
a significant reduction in the level of ROS was marked in 
AA rats administered with Majoon Chobchini (1000 mg/
kg b wt) as compared to AA rats (Fig. 4A).

Majoon Chobchini downregulates COX‑2 and iNOS 
expressions in synovial joint tissue of AA rats

Nitric oxide synthase (iNOS) and cyclooxygenase 2 (COX-
2) enzymes are mainly responsible for overshooting the pro-
duction of nitric oxide and pro-inflammatory mediators in 
RA. The inhibitory efficacy of Majoon Chobchini on the 
expression of the enzymes iNOS and COX-2 was investi-
gated in AA rats, and Majoon Chobchini-treated AA rats. 
As shown in Fig. 4B and C, a remarkable up-regulation 
in the mRNA level and protein expression of COX-2 and 
iNOS was observed in the synovial joint tissue of AA rats in 
comparison to normal rats. Intriguingly, Majoon Chobchini 

administration to AA rats reversed the increased expression 
of iNOS and COX-2 in a dose-wise manner as compared to 
AA rats (Fig. 4B, C).

Majoon Chobchini inhibits cartilage destruction 
and bone erosion in AA rats

The formation of destructive proliferative tissue pannus and 
pro-inflammatory mediators further invades cartilage that 
results in bone erosion in the disease progression of RA. To 
test the protective ability of Majoon Chobchini against dam-
age of synovial joint cartilage, safranin O staining analysis 
was performed on the excised knee joints of experimental 
rats. As shown in Fig. 5A, synovial tissue of AA rats exhib-
ited low staining intensity for safranin O, indicating loss 
of proteoglycans and degraded cartilage lining compared to 
normal rats. In contrast, oral treatment of Majoon Chobchini 
abrogated cartilage degradation in AA rats as determined by 
intense safranin O staining (Fig. 5A). In contrast, methotrex-
ate (1 mg/kg b wt) treatment did not restore the cartilage 
damage observed in AA rats (Fig. 5A).

Cartilage damage and bone loss, in turn, lead to irrevers-
ible joint deformity. Therefore, radiographic analysis was 
carried out to evaluate the reduction in joint deformity in the 
experimental rats. The radiographical assessment depicted 
bone morphological changes in AA rats. (Fig. 5B) Whereas 
Majoon Chobchini treatment at the dose of 1000 mg/kg b.wt 
in AA rats prevented bone erosion or joint deformity in a 

Fig. 4  Effect of Majoon Chobchini (MC) on the intracellular free-
radical formation. A The level of free radicals in the synovial joint 
tissue of AA rats was evaluated by the DCFH-DA method. Fluores-
cence intensity units (FIU) are shown as means ± SEM. B COX-2 
and iNOS levels were quantified by qRT-PCR analysis. C Synovial 
tissue expression of COX-2 and iNOS were analyzed via immuno-

histochemical analysis (Magnification × 100). All error bars depict 
mean ± SEM (n = 3 independent experiments were performed). 
***p < 0.001 vs control. ###p < 0.001, ##p < 0.01 and #p < 0.05 vs 
AA rats. qRT-PCR quantitative real-time polymerase chain reaction, 
DCFH-DA dichloro-dihydro-fluorescein diacetate, COX cyclooxyge-
nase, iNOS inducible nitric oxide synthase
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Fig. 5  Effect of Majoon Chobchini (MC) on cartilage degradation 
and joint deformity in AA rats. A Representative images of safranin 
O-stained synovial tissue joints depicting cartilage degradation. Blue 

arrow: cartilage degradation. B Radiographic scanning images of rat 
joints and radiographical scoring based on a semi-quantitative scale 
in a blinded fashion
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dose-dependent manner (Fig. 5B). Methotrexate exhibited 
no therapeutic effect on bone damage in AA rats.

Majoon Chobchini impairs osteoclast formation 
and resorption

Dysregulated osteoclast formation delineated by the acquisi-
tion of phenotypic marker TRAP is an essential pathological 
event in the bone destruction process of RA. In this study, we 
elucidated the effect of Majoon Chobchini on osteoclast for-
mation in a co-culture model, AA-FLS cells, and BMMs and 
in the joint tissue sections of experimental animals. Of note, 
97% of isolated cells stained positive for CD 90.2 cell sur-
face marker (Fig. 6). Again, MTT assay revealed that Majoon 
Chobchini treatment with 200 and 300 µM concentrations was 
used for in vitro experiments as it showed no marked reduction 
in cell viability of AA-FLS cells until 24 h (Online Resource 
1). As evidenced from TRAP staining results, a significant 
increase in the formation of  TRAP+ multi-nucleated osteoclast 
cells was obtained upon co-culture of BMMs with untreated 
AA-FLS cells (Fig. 7A). In contrast, treatment with Majoon 
Chobchini significantly reduced osteoclast formation in a con-
centration-dependent manner (Fig. 7A). Again, methotrexate 
treatment also reduced osteoclast formation (Fig. 7A).

Matured osteoclasts formed primarily facilitates bone 
resorption that leads to bone loss and reduced ambulation 
in RA. So, the efficacy of Majoon Chobchini against resorp-
tion of the mineralized bone surface was assessed using 
osteo assay plates. The multi-nucleated osteoclasts formed 
actively resorbed bone surface as evident from the increase 
in the number of resorption pits in group wherein BMMs 

were co-cultured with AA-FLS cells compared to BMMs 
cultured alone (Fig. 7B). Whereas Majoon Chobchini treat-
ment dose-dependently mitigated the resorptive activity of 
osteoclasts (Fig. 7B). Collectively, these observations sug-
gest that Majoon Chobchini attenuates osteoclast formation 
and its bone resorptive activity.

Majoon Chobchini regulates osteoclastogenic 
factors expression in AA‑FLS cells

Receptor activator of nuclear factor kappa-B ligand 
(RANKL) is an obligatory factor that requisites osteoclast 
differentiation. While, osteoprotegerin (OPG) binds to 
RANKL and inhibits osteoclast differentiation. To support 
the inhibited role of Majoon Chobchini on osteoclast cell 
formation and its resorption activity, the protein expres-
sions of osteoimmunological molecules, such as RANKL 
and OPG, were investigated by western blotting analysis. 
AA-FLS cells were incubated with or without the increas-
ing concentration of Majoon Chobchini or methotrexate. 
As shown in Fig. 7C, the increased expression of RANKL 
with a concurrent reduction in the expression of OPG was 
observed at the protein level in AA-FLS cells compared to 
normal FLS cells. Interestingly, the elevated expression level 
of OPG over reduced RANKL levels was observed in AA-
FLS cells treated with Majoon Chobchini in a concentration-
wise manner (Fig. 7C).

Fig. 6  The purity check of FLS cells at the fourth passage was evalu-
ated via FACS analysis using FITC-tagged antibody to cell surface 
CD 90.2 marker. Left panel, unstained cells, Right panel, > than 97% 

of FLS cells were stained positive for CD 90.2. FLS fibroblast-like 
synoviocytes, FACS fluorescence-activated cell sorting, CD cluster 
differentiation
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Majoon Chobchini influences JAK‑dependent STAT 
signaling pathway in AA rats

The key signaling molecule JAKs and the downstream 
transcription factor STATs are critically involved in RA's 
inflammation and synovial joint destruction process. To 
explore whether JAK/STAT signaling cascade underlies 
the anti-arthritic and anti-osteoclastogenic efficacy of 
Majoon Chobchini in RA, we investigated its phospho-
rylated level in the synovial joint tissue of AA, and 
Majoon Chobchini-treated AA rats. An increased level 
of phosphorylated JAK1-Tyr1034/1035 and phospho-
rylated JAK3-Tyr 980/981 proteins was observed in the 
synovial joint tissue of AA rats in comparison to normal 
rats (Fig. 8A). In addition, an increased phosphorylated 

level of STAT-3 protein was observed in the synovial 
joint tissue of AA rats (Fig. 8A). As shown in Fig. 8A, 
Majoon Chobchini administration markedly downregu-
lated the level of phosphorylated JAK1-Tyr1034/1035, 
JAK3-Tyr980/981, and phosphorylated STAT-3 proteins 
in the synovial joint tissue of AA rats. Notably, metho-
trexate treatment also abrogated JAK/STAT signaling 
activation in AA rats compared to that of AA control 
rats (Fig. 8A).

Furthermore, Majoon Chobchini efficacy on the 
phosphorylation of STAT-3 in AA-FLS cells was elu-
cidated in vitro. Immunofluorescence analysis showed 
an increased cellular expression level of the activated 
STAT-3 transcription factor in AA-FLS cells (Fig. 8B). 
Otherwise, Majoon Chobchini treatment resulted in the 

Fig. 7  Effect of Majoon Chobchini (MC) on the osteoclastogenic 
inducing potential of AA-FLS. Rat bone marrow monocyte/mac-
rophage cells were co-cultured with normal FLS or AA-FLS, AA-
FLS treated with Majoon Chobchini (MC) (200 and 300  µM), 
AA-FLS treated with MTX (1  µg/ml). A TRAP staining analy-
sis was conducted to identify the generation of the multinucleated 
osteoclast cells. TRAP-positive cells that have three or more nuclei 
were counted as matured osteoclasts using an inverted Olympus 
microscope (magnification × 40). B Bone resorption assay was per-
formed on osteo assay plate and resorption areas were imaged using 

an inverted Olympus microscope. × 40 magnification. C The pro-
tein expression levels of RANKL and OPG molecules were ana-
lyzed using western blotting. The expression value of target proteins 
(RANKL and OPG) was determined as target protein/β-actin ratio. 
The result represents mean ± SEM (n = 3 individual experiments 
were performed). ***p < 0.001 vs normal FLS + BMM. ###p < 0.001, 
#p < 0.01 and #p < 0.05 vs AA-FLS + BMM. MTX Methotrexate, 
TRAP tartrate-resistant acid phosphatase, RANKL receptor activator 
of nuclear factor kappa-B ligand, OPG Osteoprotegerin
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hypo-phosphorylation of the STAT-3 transcription fac-
tor in AA-FLS cells in a concentration-wise manner 
(Fig. 8B).

Effect of Majoon Chobchini on acute toxicity studies

Oral administration of Majoon Chobchini demonstrated no 
treatment-associated mortality throughout the study period. 
No pathological abnormalities or toxicity signs were observed 
in any animals. The body weight, food, and water intake also 
remained unchanged as compared to the untreated control 

Fig. 7  (continued)
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group (Data not shown). Therefore, it is considered that 
Majoon Chobchini is safe even at higher dose levels, and the 
oral  LD50 should be regarded as to be greater than 2000 mg/
kg b. wt in rats.

Effect of Majoon Chobchini on sub‑acute toxicity 
studies

In sub-acute administration of Majoon Chobchini, no signs 

Fig. 8  Effect of Majoon Chobchini (MC) on the JAK/STAT3 signal-
ing cascade in AA-FLS and synovial tissues of AA rats. A Post sac-
rifice, the synovial tissues were isolated from experimental rats to 
analyze the level of JAK-1 (total), p-JAK-1, JAK-3 (total), p-JAK-3, 
STAT-3 (total) and p-STAT-3 using western blotting. The expres-
sion of phosphorylated proteins and total protein was normalized to 
β-actin loading control, followed by calculating phosphorylated pro-

tein/total protein ratio to determine the altered expression of phospho-
rylated target protein. B The altered expression of p-STAT-3 was ana-
lyzed via immunofluorescence staining analysis. All error bars depict 
mean ± SEM of three independent experiments. ***p < 0.001 vs con-
trol. ###p < 0.001, ##p < 0.01 and #p < 0.05 vs AA rats. ***p < 0.001 vs 
normal FLS. ###p < 0.001, ##p < 0.01 and #p < 0.05 vs AA-FLS. JAKs 
Janus Kinases, STAT  signal transducer and activator of transcription



 3 Biotech (2021) 11:436

1 3

436 Page 18 of 21

of toxicity or changes in body weight (Online Resource 
2), food and water consumption (Data not shown) were 
observed in the treated or satellite group compared to the 
untreated control group. All the experimental rats survived 
throughout the 28-day study period. No significant differ-
ences were observed in relative organ weights between 
the treated and control group (Online Resource 3). With 
respect to hematological (Data not shown) and biochemi-
cal parameters (Online Resource 4), no major differences 
were observed in treated groups compared to untreated 
control groups. Histology of vital organs showed no major 
alterations. The liver architecture exhibited a clear lumen 
of the central vein with no signs of lesions or necrosis 
(Fig. 9). No degeneration of glomeruli, proximal and dis-
tal tubules was observed in the kidney (Fig. 9). Cross-
sectional observation of spleen tissues appeared normal 
(Fig. 9). However, there was mild congestion observed in 
both control and treated group that can be incidental and 
has no relation with Majoon Chobchini treatment.

Discussion

In the present paper, we examined the anti-arthritic effects 
and mechanism of action of Majoon Chobchini, a poly-
herbal Unani compound, during the disease progression 

in adjuvant-induced arthritic (AA) rat model of RA. The 
results demonstrated that Majoon Chobchini treatment could 
significantly decrease paw swelling, synovial inflammation, 
and immune cell infiltration in the AA rat model. Further, 
Majoon Chobchini inhibited osteoclast formation and sup-
pressed bone erosion via altering RANKL/OPG axis. Strik-
ingly, the therapeutic effects of Majoon Chobchini were via 
modulation of JAK-dependent STAT-3 activation.

Synovial fibroblasts and infiltrating immune cells are 
majorly responsible for producing several pro-inflam-
matory cytokines that play an indispensable role in the 
disease progression/severity of RA. TNF-α and cytokine 
IL-1β are the principal cytokines in regulating inflamma-
tion via the production of chemokines, such as MCP-1 
and RANTES (chemotactic mediators), from synovial 
macrophages and RA-FLS cells (Neog et  al. 2017). 
TNF-α and IL-1β also aggravate osteoclast formation 
and concurrent bone erosion via inducing the expression 
of RANKL from synovial fibroblasts in RA (Wang et al. 
2016). TNF-α alone exhibits a direct role in inhibiting 
FoxP3 + Treg cell-dependent autoimmune suppression; 
thus, highlighting its unfavorable role in RA. Intriguingly, 
IL-1β has a more influential role than TNF- α in inducing 
cartilage destruction in patients with RA. IL-6 is another 
key pro-inflammatory cytokine involved in the pathogen-
esis of RA. Blockade of IL-6/IL-6R signaling prevents 

Fig. 9  Effect of Majoon Chobchini on the vital organs in acute oral toxicity. Photographs of histopathological sections of A Liver B kidney C 
Spleen. Maginification: × 100; scale bar: 50 µm
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osteoclast-mediated bone erosion by inhibiting RANKL 
secretion in RA-FLS cells (Yoshitak et al. 2008). IL-6 
critically drives the differentiation of pathogenic T cells 
and subdues the suppressive function of natural Treg cells. 
IL-17 is a canonical cytokine of pathogenic Th17 subtype 
CD4 + T cells. The pro-inflammatory cytokine IL-17A has 
a remarkable role in promoting RANKL expression from 
RA-FLS cells; wherein, blockade of IL-17/JAK/STAT-3 
pathway diminished RANKL-mediated osteoclastogenesis 
in RA (Ganesan and Rasool 2019). Experimental evidence 
has also revealed that blockade of IL-17 action reduced 
the formation of B-cell germinal center in RA (Benedetti 
and Miossec 2014). In this study, Majoon Chobchini dra-
matically decreased the expression and serum levels of 
TNF-α, IL-6, IL-1β, and IL-17 in AA rats, suggesting its 
potential beneficial effects in controlling inflammation and 
thus ameliorating disease progression of RA.

Reactive oxygen species (ROS) have also been studied 
to be strongly responsible for RA's pathogenesis. Literature 
studies suggest that the overproduction of tissue enzymes, 
such as iNOS and COX-2, impairs anti-oxidant defense 
mechanisms and thus influences inflammation and joint 
damage in RA. Higher levels of ROS induce polyunsatu-
rated fatty acids oxidation in the mitochondrial membrane 
of RA-FLSs (Malemud 2018). Of note, the present study 
results showed that Majoon Chobchini prevented free-radical 
production and neutralized oxidative stress environment via 
downregulating the expression of tissue enzymes iNOS and 
COX-2 in the synovial joint tissues of AA rats.

Destruction of cartilage and bone erosion of synovial 
joints are the central events in patients with an advanced 
stage of RA and are associated with poor clinical outcomes. 
Experimental evidence has demonstrated that functionally 
active osteoclasts are highly important for the bone erosion 
phenomenon in RA (Ganesan and Rasool 2019). While, 
RANKL secreted from RA-FLS cells favors osteoclast for-
mation and associated bone degradation in RA. RAFLS cells 
and macrophages in the hyperplastic synovium also secrete 
extracellular matrix-degrading enzyme MMP-9 and con-
tribute to cartilage degradation in RA patients (Neog et al. 
2017). In this study, Majoon Chobchini, but not MTX, was 
able to inhibit cartilage destruction and bone erosion in AA 
rats. Importantly, Majoon Chobchini prevented osteoclast 
inducing the potential of AA-FLS cells, osteoclast forma-
tion from its precursor cells, and bone erosion. However, 
MTX treatment showed a minimal effect in the reduction 
of osteoclast formation but did not alleviate bone erosion 
in vitro. The results of the current study contradicted the 
previous reports that demonstrated MTX in slowing the joint 
destruction process in RA; it can thus be attributed to bio-
availability, drug dose, treatment alone or in combination, 
and treatment duration (Kang 2019; Williams et al. 1996). 
These data suggest that Majoon Chobchini can be used as 

an alternative treatment option for preventing joint destruc-
tion in RA.

JAK-STAT signaling activation has been identified as 
an important downstream event for the excess release of 
TNF-α, IL-6, and IL-17 cytokines in RA. Previous studies 
have reported that blockade of JAK/STAT activation altered 
synovial inflammation and indirectly affected osteoclast for-
mation in RA. The clinical efficacy of small molecule JAK 
inhibitors, such as tofacitinib and baricitinib, on inhibit-
ing synovitis and bone erosion was noted in RA settings 
(Shim et al. 2018). Therefore, JAK/STAT signaling pathway 
inhibition has been regarded as a new targeted therapeutic 
approach in controlling the disease severity of RA. The pre-
sent study revealed that Majoon Chobchini decreased the 
activation of JAK1 and JAK3 and their downstream signal-
ing molecule STAT-3 in the synovial joint tissue of AA rats. 
In addition, Majoon Chobchini was able to reduce the activa-
tion of STAT-3 in AA-FLS cells. These findings reveal the 
dramatic efficacy of Majoon Chobchini in modulating the 
JAK/STAT-3 signaling cascade to abrogate the pathological 
processes, including inflammation and joint destruction that 
underlie RA disease severity.

The molecular characterization of Majoon Chobchini to 
unravel the biologically active components will undoubt-
edly validate its anti-inflammatory, anti-oxidant, and anti-
osteoclastogenic activities in an AA model of RA. Onto 
this, LC–MS screening of Majoon Chobchini indicated 
the presence of chemical compounds including piperine, 
fumaric acid, gingerol, perilloside, quercetin 3 galacto-
side, hesperidin, cyanidin 3 glucogalactoside, cyanidin 3 
gentiobioside, liensinine, epigallocatechin, gallocatechin, 
gravebioside, cyanidin 3 rhamnoside 5 glucoside, cya-
nidin 3 rutioside, and cichorigenin. Crucial findings have 
reported several pharmacological properties, such as anti-
cancer, anti-inflammatory, anti-oxidant, anti-diabetics, 
and immunomodulatory effects, of these naturally derived 
compounds (Ganesan et al. 2016). The previous study has 
demonstrated that piperine suppressed IL-1β-induced pro-
duction of MMP13, IL-6, COX-2, and activator protein 1 
(AP-1) in RA patient-derived FLS cells (Bang et al. 2009). 
Gingerol displays its anti-inflammatory effects via signifi-
cant inhibition of NK-kB and MAPK pathway activation. 
Besides, gingerol reduces COX-2 and iNOS expression 
in LPS-induced macrophages (Van Breemen et al. 2011). 
Anti-inflammatory, anti-arthritic, and free-radical scaveng-
ing activities have been established previously for fumaric 
acid, quercetin, and epigallocatechin (Shakya et al. 2014; 
Gardi et al. 2015; Karatas et al. 2019). In addition, cyanidin 
has been shown to interfere with IL-17-dependent activa-
tion of STAT-3 and inhibit osteoclast formation (Samarpita 
et al. 2020). Therefore, the anti-arthritic potential of Majoon 
Chobchini observed in this study might be ascribed to be 
mediated by its bioactive components.
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In the present study, the  LD50 of Majoon Chobchini was 
found to be above 2000 mg/kg b wt in rats. Repeated dose 
study of Majoon Chobchini also demonstrated no pathologi-
cal alteration, thus engendering it to be a safer alternative 
disease-modifying drug in the treatment of RA.

Conclusion

In conclusion, the results presented in this study demonstrate 
that Majoon Chobchini ameliorated synovial inflammation, 
cartilage tissue degradation, and bone erosion in an AA 
rat model. Majoon Chobchini downregulated the expres-
sion of pro-inflammatory mediators, tissue enzymes (iNOS 
and COX-2), and altered free-radical levels in the AA rat 
model. In addition, Majoon Chobchini has a profound abil-
ity to inhibit osteoclast formation via altering RANKL/OPG 
axis and bone degradation. Significantly, Majoon Chobchini 
modulated JAK-dependent STAT-3 activation in the AA rat 
model and AA-FLS cells. Above all, Majoon Chobchini 
exhibited no toxic effects or pathological changes on its 
long-term administration. Collectively, this study, for the 
first time, scientifically proves the anti-inflammatory and 
anti-arthritic properties of Majoon Chobchini and its under-
lying molecular mechanism in RA, thus speculating it to be 
a frontline safer therapy in the management of RA.
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