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Quercetin mitigates rheumatoid arthritis 
by inhibiting adenosine deaminase in rats
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Abstract 

Rheumatoid arthritis (RA) is a chronic inflammatory joint disease characterized by synovial proliferation and bone 
destruction. Adenosine deaminase (ADA) is a key inflammatory enzyme that increases joint stiffness and pain in RA. 
In this study, we evaluated the in‑silico, and in vivo inhibitory effect of quercetin isolated from Egyptian Fenugreek 
on ADA enzyme activity. We also determined the combinatorial effect of quercetin on methotrexate mediated anti‑
inflammatory efficacy and toxicity. In‑silico molecular docking was conducted and confirmed in an in vivo RA rat 
model. The results showed that the inhibition constant of quercetin on joint ADA by docking and in‑vitro was 61.9 
and 55.5 mM, respectively. Therefore, quercetin exhibits anti‑inflammatory effect in a rat RA model as evidenced by 
reducing the specific activity of ADA in joint tissues, lower jaw volume, enhance body weight, downregulate ADA 
gene expression, reduce levels of RA cytokines interleukin‑1β, interleukin‑6, tumor necrosis factor‑α, also, rheumatoid 
factor, C‑reactive protein, and anti‑cyclic citrullinated peptide RA biomarker levels. These findings demonstrate that 
the purified quercetin has a promising anti‑inflammatory effect against RA disease through its inhibitory effects on 
the ADA enzyme. Furthermore, isolated quercetin improved the anti‑inflammatory efficacy of methotrexate, reduced 
its toxic effects by increasing antioxidant enzymes and reducing oxidative stress.
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Introduction
Rheumatoid arthritis (RA) is a chronic autoimmune con-
dition caused by combination of hereditary, epigenetic, 
nongenetic, and environmental factors (McInnes and 
Schett 2017). RA attacks cartilage and bone, causing joint 
damage and dysfunction (McInnes and Schett 2017). 
Overactivation of B and T lymphocytes, macrophages, 
synovial-like fibroblasts, matrix metalloproteinase 
(MMP) release and the production of interleukin-1β (IL-
1β), interleukin-6 (IL-6), and tumor necrosis factor α 
(TNF-α) cytokines results in pain, atrophy, deformation 
of joints, bones erosion, and osteoporosis. RA-induced 

dysfunction and disability, may even lead to premature 
death over the long term (Scott and Kingsley 2006).

Adenosine deaminase (ADA) has been considered as a 
biomarker for the inflammatory process in RA patients 
(Zamani et  al. 2012; Nalesnik et  al. 2011). ADA repre-
sents a checkpoint for the control of the immune system 
through the modulation of adenosine pathways (Nale-
snik et  al. 2011). Moreover, the ADA enzyme plays an 
important role in the maturation and differentiation of 
the lymphoid system. Previous study has described the 
functional implications of ADA as well as the design of 
several ADA inhibitors (Cristalli et al. 2001).

Methotrexate (MTX) is considered as the standard 
treatment for RA because of its anti-inflammatory and 
immunosuppressive properties (Bedoui et  al. 2019). 
However, it has many limitations as it negatively affects 
the normal cells resulting in several toxicities. Also, the 
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adverse effects of MTX on the neuronal, gastrointesti-
nal, reproductive, respiratory, urinary, cardiovascular, 
and immune systems have been reported (Cronstein 
and Aune 2020; Salem et  al. 2020). Therefore, identi-
fying an effective natural anti-inflammatory agent for 
RA treatments without side effects is an active area of 
investigation.

Quercetin is a flavonoid found in fruits and vegetables 
and is known for its anti-inflammatory and antioxidant 
effects (Haleagrahara et al. 2009; Mahmoud et al. 2013). 
Quercetin suppresses the clinical symptoms of arthri-
tis by inhibiting the release of inflammatory cytokines, 
decreasing lipopolysaccharide-induced cyclooxygenase 
(COX-2) levels, and antagonizing and bone resorption by 
suppressing of nuclear factor-kappa β (NF-kβ) and AP-1 
activity (Kim et al. 2019). It prevents the recruitment of 
macrophages and neutrophils, as well as synoviocyte pro-
liferation (Gardi et  al. 2015; Haleagrahara et  al. 2018). 
Based on these findings, the present study evaluated the 
impact of quercetin on ameliorating the synovial inflam-
mation by inhibiting ADA enzyme activity in a rat model 
of RA. Furthermore, the combinatorial effect of quercetin 
on MTX anti-inflammatory and toxicity in the RA model 
was evaluated.

Materials and methods
Materials
Aluminum chloride, potassium acetate, lead acetate, 
adenosine, phenol, sodium nitroprusside, Coomas-
sie brilliant blue, silica gel (60–120 mesh), quercetin, 
Sephadex (G-100) and complete Freund’s adjuvant 
(CFA) were purchased from Sigma-Aldrich. Metho-
trexate (25  mg/ml) was purchased from EIMC United 
Pharmaceutics, Cairo, Egypt. Fenugreek seeds (Giza 1, 
Egyptian cultivar) were purchased from a local market 
of Tanta, Egypt.

In‑silico study
The three-dimensional Mus musculus ADA enzyme 
structure was obtained from a protein data bank (PDB 
ID: 1a4m). The energy of the ADA protein structure was 
minimized by applying an OPLS-3 force field (Harder 
et  al. 2016). The chemical structure of quercetin was 
obtained from the PubChem database and prepared 
using the Schrodinger program (Halgren and Nach-
bar 1996). The enzyme-ligand interaction study was 
performed using Molegro Virtual Docker (2008). The 
Discovery studio 3.5 tool was used to visualize the inter-
molecular interactions between the ADA enzyme and 
quercetin.

Extraction and identification of quercetin from fenugreek 
ethanolic extract
Fenugreek seeds were dried, ground and 50  g were 
extracted with 500  ml of 70% ethanol. The collected 
extracts were filtered and the aqueous ethanolic extract 
was concentrated using a rotary evaporator at 40 °C and 
stored at − 20 °C until further use (Dua et al. 2013). The 
quercetin was isolated by adding 10 g of Fenugreek etha-
nolic extract to a silica gel column (60–120 mesh). The 
elution was initiated with 100% hexane and then the 
polarity was increased with hexane, ethyl acetate and eth-
anol at ratios of 80:20, 75:25 and 50:50, respectively. The 
eluted fractions were collected and dried to obtain a yel-
low amorphous powder. The isolated quercetin was then 
identified using thin layer chromatography and its RF 
value was compared with that of standard quercetin. In 
addition, UV Spectra were obtained at 257 nm, 307 nm, 
and 432 nm. Moreover, using Perkin Elmer spectropho-
tometer, the KBr technique was performed to check the 
Fourier transform infrared (FT-IR) spectra to confirm 
the structure of the isolated quercetin compared with the 
standard.

Determination of ADA enzyme activity and protein 
concentration in rat joints
The crude ADA enzyme was extracted by homogeniz-
ing 200 mg of joint tissue in 1.5 ml of 50 mM potassium 
phosphate buffer, pH 7.5, containing 150  mM sodium 
chloride using a Teflon pestle homogenizer at 4  °C. The 
homogenate was centrifuged at 8000×g for 15  min and 
sonicated for 15  min at 4  °C. The crude ADA enzyme 
supernatant was collected, and its enzymatic activity 
was estimated. The ADA activity was determined by the 
Guisti (1974) method with modifications (Guisti 1974). 
The reaction mixture contained 21  mM adenosine sub-
strate solution, 50  mM potassium phosphate buffer, 
pH 7.5 and joint homogenate (10%). The enzyme reac-
tion was incubated at 37  °C for 15  min., stopped with 
the addition of phenol/sodium nitroprusside solution 
(106  mM phenol; 0.17  mM sodium nitroprusside) and 
alkaline hypo-chloride solution (11 mM NaOCl; 125 mM 
NaOH) then incubate at 37 °C for 30 min. The absorption 
was measured at 628 nm. The protein content was meas-
ured by the Bradford method (Bradford 1976).

Purification of ADA enzyme from rat joint tissue
The crude ADA enzyme was precipitated using 20% 
ammonium sulfate saturation, centrifuged at 10,000×g 
for 30  min. at 4  °C. The precipitate was dissolved in 
50  mM potassium phosphate buffer, pH 7.5, then dia-
lyzed overnight. The dialysate was subjected to Sephadex 
G-100 gel filtration column chromatography (2 × 87 cm). 
Fractions were collected at a flow rate of 3 ml/5 min. For 
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each fraction, the total protein content was measured 
at 280  nm. The fractions containing high protein con-
tent were pooled and assayed for ADA enzyme activity. 
Finally, the fractions enriched with ADA activity were 
pooled for kinetics measurements (Mohamed 2006; Abu-
Khudir et al. 2019).

Kinetic inhibition of ADA enzyme by quercetin in rat joint
Quercetin at various concentrations (0.1–1  mM) was 
added to the partially purified ADA enzyme, incubated 
for 1 h then its activity was measured as described in sec-
tion ‘In vivo studies’. The concentrations of quercetin that 
inhibited ADA by 40%, 50% and 60% were selected and 
added to various concentrations (5–150 mM) of adeno-
sine and the enzyme activity was measured. The Km, 
Vmax and Ki kinetic measurements were according to 
Mohamed (2006).

In vivo studies
Rats
Seventy adult Wistar male rats (150–170  g) were 
obtained from the Faculty of Agriculture, Alexan-
dria University (Alexandria, Egypt). The animals were 
housed under a 12:12 h light–dark cycle at a controlled 
temperature of 20–22  °C and maintained for a 1-week 
acclimatization period with a pellet diet and drinking 
water ad  libitum. Our study was carried out accord-
ing to the guidelines approved by the Research Ethical 
Committee (Faculty of Science, Tanta University, Egypt) 
(IACUC-SCI-TU-0161).

Experimental design
Seventy adult Wistar male rats were classified into seven 
groups (n = 10) as follows: Gp1 (Normal control): Rats 
were subcutaneously injected with 1.5  ml saline into 
the sub-plantar region of the right hind foot paw; Gp2 
(Rheumatoid Arthritis): Rats were injected with a sin-
gle subcutaneous injection of 0.1  ml complete Freund’s 
adjuvant (CFA) into the sub-plantar region of the right 
hind foot paw to induce arthritis, inflammation began 
to appear shortly after the injection and peaked after 
7 days (Sindhu et al. 2012). Gp3 (Methotrexate control): 
Rats were injected intra-peritoneal (i.p) with 100  ml of 
0.75  mg/kg MTX twice—per week for 3  weeks (Ander-
son et  al. 1994). Gp4 (Quercetin control): Rats were 
injected i.p. with 200  µl of 100  mg/kg quercetin three 
times—per week for 3 weeks (Firdous 2014). Gp5 (Meth-
otrexate treatment): Rats were injected with CFA as in 
Gp2 then injected i.p. with 100  µl of 0.75  mg/kg MTX 
twice—a week for 3  weeks. Gp6 (Quercetin treatment): 
Rats were injected with CFA as in Gp2 then injected i.p. 
with 200  µl of 100  mg/kg quercetin three times—per 

week for 3  weeks. Gp7 (Combination treatment): Rats 
were injected with a with CFA as in Gp2 then injected 
with MTX twice—a week and quercetin three times—per 
week for 3 weeks.

Rats were re-examined every 4  days for paw volume 
and articular score measurements for the injected paw. 
At the end of the experiment (28 days after the immuni-
zation), the rats were sacrificed by cervical decapitation 
and blood samples were collected for hematological stud-
ies. Sera were separated for biochemical assays and foot 
paw tissues were immediately removed and a portion 
was added to 10% buffered formalin for histopathological 
studies. The other part of the foot paw tissue was homog-
enized and frozen at − 20 °C for further analyses.

Determination of paw thickness, body weight changes 
and live animal imaging X‑ray
The paw thickness was measured according to Zuo et al. 
(2014) using a digital Vernier caliper on days 7–28 and 
expressed in mm. Changes in body weight were esti-
mated on days 1–28. On the 28th day, rats were anesthe-
tized with 10% chloral hydrate (0.3 ml/100 mg, i.p.) and 
X-ray photos were taken of the ankle joint and paws in 
the Bruker imaging station (Bruker in vivo Multispectral 
FX PRO, USA).

Biochemical analysis
Serum c-reactive protein (CRP), serum Rheumatoid Fac-
tor (RF), serum TNF-α, serum IL-6, serum IL-1β, serum 
anti-cyclic citrullinated peptide antibody (anti-CCP) 
as markers of acute inflammatory phase proteins were 
measured using sandwich ELISA kits and serum ADA 
activity was measured using competitive ELISA kits 
(Sigma Chemical Co., USA) according to the manufac-
turer’s instructions. ADA enzyme activity was estimated 
in joint tissue homogenate as described in section ‘In vivo 
studies’. Malondialdehyde (MDA) levels and glutathione 
peroxidase (GPx) activity were measured in joint tissue 
homogenates using Bio-diagnostic kits according to the 
manufacturer’s instructions.

Real‑time polymerase chain reaction (RT‑PCR) analysis
Quantitative PCR was done as previously described by 
Kvastad et  al. (2015). The specific primer sequences for 
the ADA gene were GTC CTC TGA TTG GAT GTC TTGG 
(forward) and CCA GTC ACC AGC TGC TTT AT (reverse). 
The TGT GTC CGT CGT GGA TCT GA forward and CCT 
GCT TCA CCA CCT TCT TGA reverse primers were used 
to amplify GAPDH. Real-time PCR was performed using 
Power SYBR Master Mix (Thermo Fisher Scientific, US) 
on an Applied Biosystems 7500 system (Foster City, US). 
All data were then normalized to GAPDH housekeeping 
gene. Critical threshold (Ct) values for target gene were 
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normalized to that of GAPDH. The fold change in gene 
expression was calculated as described previously (Livak 
and Schmittgen 2001; Noser et al. 2021).

Histopathological investigation
Ankle rat joints were added to 10% buffered formalin 
for 24 h and subsequently, decalcified in 5% formic acid. 
Then, joint tissues were stained with hematoxylin–eosin, 
and observed under light microscope to determine the 
presence of hyperplasia of the synovium, inflammatory 
cells, and major damage to the joint space.

Statistical analysis
The experimental data were expressed as the mean ± SE. 
The significance of differences among the various 
treated groups and control were analyzed using one-way 
ANOVA followed by Tukey’s test using GraphPad Prism 
software 6 (San Diego, CA), and p-value < 0.05 were con-
sidered statistically significant.

Results
In‑silico molecular docking study
The optimal molecular structure of quercetin as inhibi-
tor of adenosine deaminase enzyme was determined. The 
active sites of ADA enzyme were cleaned up from any 
native ligand present, then quercetin was docked into 
the binding site of ADA enzyme. The ADA and querce-
tin binding dimensions were x = 54.80  Å, y = 45.06  Å 
and z = 77.09 Å, with a 9 Å grid spacing. Docking calcu-
lations of quercetin showed 4H-bond interactions with 
Lys1812, Glu1820, Ala1506, and Glu1819 as important 
amino acid residues and H-bond distances of 2.86, 3.29, 

2.87 and 3.0047  Å, respectively, (Fig.  1). This theoreti-
cally explains the inhibitory effect of quercetin on ADA 
enzyme. The minimum energy of quercetin docked to the 
ADA enzyme active site was observed from the molecu-
lar model (Table 1).

Isolation and characterization of quercetin from Fenugreek 
extract
Quercetin was isolated from Fenugreek extract using sil-
ica gel column chromatography. It appeared in fractions 
of hexane/ethyl acetate/ethanol as shown in Fig.  2A. 
Furthermore, the isolated fractions of quercetin and 
standard quercetin showed the presence of same brown 
spot with an  Rf value of 0.52 after the plate was sprayed 
with iodine (Fig.  2B) and 5%  FeCl3 (Fig.  2C). Moreover, 
UV–vis spectroscopy initially confirmed the isolation of 
quercetin from Fenugreek extract with peaks at 386, 296 
and 262 nm compared with standard quercetin (Fig. 2D). 
Also, the isolated quercetin was analyzed by FTIR which 
revealed the presence of a C–O–C bond at 1009   cm−1, 
C=C bond at 1610   cm−1, C=O bond at 1667   cm−1 and 
an O–H bond at 3406  cm−1 when compared with stand-
ard quercetin (Fig. 2E).

Fig. 1 The interaction between quercetin and the active site of adenosine deaminase. The left side represents 3D and the right side represents the 
2D complex enzyme ligand interaction

Table 1 The calculated molecular docking parameters

BE binding interaction, Ki inhibition constant, MDS molecular docking score, RS 
Rerank score, HB hydrogen bond interaction energy

Parameter BE Ki MDS RS HB

Inhibitor  − 95.929 61.9 − 98.715 − 74.444 − 11.929
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ADA purification from rat joints
The partially purified ADA enzyme was determined to 
have a normal value in the rat joint homogenate. The 
crude ADA enzyme was precipitated with 20% ammo-
nium sulfate, dialyzed, then applied to Sephadex G-100 
High Resolution (HR) column. As illustrated in Table 2, 
the specific activity of ADA increased from 0.0058 to 
5.913 U/mg with 996-fold and 13% recovery. The elution 
profile from the Sephadex G-100 HR column is shown 

in Fig. 3. Kinetic measurements were carried out on the 
ADA enzyme resulting from Sephadex column based on 
the highest fold purification.

Kinetic inhibition of joint’s ADA by quercetin
The ADA enzyme was inhibited by quercetin with 50% 
inhibition at concentration of 0.17  mM as shown in 
Fig.  4A. Following the Lineweaver Burk plot, quercetin 
at concentrations 0, 0.25, 0.17, and 0.13  mM exhibited 

Fig. 2 A Isolation of quercetin from fenugreek extract using a silica gel column, B TLC of the isolated and standard quercetin using iodine spray, C 
TLC of isolated and standard quercetin using  FeCl3 spray, D UV–vis spectroscopy, and E FTIR spectrum

Table 2 Partial purification of ADA from rat joint tissues

Steps Volume
(ml)

Total protein
(mg)

Total activity
(mU)

Specific 
activity
(mU/mg)

Purification
fold

Recovery
%

Crude homogenate 10 16,080 94.3 0.0058 1 100

High speed
supernatant

9.3 2848 43.65 0.015 2.58 46.2

20% Ammonium sulfate 4.2 737.26 17.947 0.025 4.31 18.98

Dialysis 3.2 18.42 14.95 0.81 137.28 15.85

Gel filtration Sephadex (G‑100) 8.2 2.08 12.3 5.913 996 13
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inhibition as the  Vmax increased whereas  Km was fixed as 
shown in Fig. 4B. Therefore, the inhibition type was non-
competitive. The  Ki value was 55.5  mM, this value was 
like the results of the in-silico docking study in which a 
value of 61.6 mM was observed (Fig. 4C).

In vivo study
Change in paw volume
The results showed that there was no effect on paw 
volume (PV) in all control and treated groups at day 
0 of administration. On day 7, PV was significantly 
(p < 0.0001) increased in the untreated RA control group 
and those treated with either MTX, QUE alone or com-
bined groups compared with the normal, MTX and QUE 
control groups. Following treatment on day 14, 21 and 28 
there was a marked (p < 0.0001) reduction in PV in MTX 
and QUE alone treated groups with a minimal reduction 
in the combined group compared with the untreated RA 
control group (Table 3).

Body weight changes
Body weight at day 0 was almost identical among all the 
treated and control groups, whereas it was significantly 
(p < 0.0001) diminished in the untreated RA and MTX 
control groups compared with the normal control group 
during the subsequent period. Following treatment, 
the body weight at day 28 was significantly (p < 0.0001) 
enhanced in either MTX, QUE alone treated group or 
in the combined group compared with the untreated RA 
and MTX control groups (Fig. 5).

Live animal imaging and X‑ray
Our results showed that, the MTX and QUE control 
groups exhibited no significant change in joint tissue 

compared with normal control group. While the RA-
induced joint showed narrowing of the joint space and, 
soft swelling tissue compared with the normal control 
group. Moreover, the soft swelling tissue was diminished 
and, the joint space was intact in rats treated with either 
MTX, QUE alone or by combinatorial treatment com-
pared with untreated RA control group (Fig. 6).

Fig. 3 Elution profile of ADA from rat joints (gel filtration 
chromatography on Sephadex G‑100 HR)

Fig. 4 A Inhibition of ADA enzyme activity by various concentration 
of quercetin. B, C Lineweaver Burk blot and the inhibition constant 
(Ki) of ADA by quercetin
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RA sera analysis
The sera levels of interleukin 6,  1β, tumor necrosis fac-
tor alpha (TNF-α),  C-reactive protein (CRP), anti-CCP, 
rheumatoid factor (RF) were significantly (p < 0.0001) 
increased in the untreated RA control group as compared 
with the normal control group. These sera levels were sig-
nificantly (p < 0.0001) decreased in all treated groups with 
minimal dimmish in the combined group compared with 
the untreated RA control group (Fig. 7).

Quercetin improves the antioxidant capacity in rat joint 
tissues
Glutathione peroxidase (GPx) activity was increased 
significantly in QUE-treated group (p < 0.0001) and in 
combined treated group (p < 0.001) compared with the 
untreated RA control and MTX alone treated group. 
GPx activity was significantly decreased in untreated 
RA control group (p < 0.0001) and the MTX alone con-
trol and treated groups (p < 0.001) compared with the 
normal control group. Malonaldehyde (MDA) levels 

were remarkably reduced in rats treated either with QUE 
(p < 0.0001) or its combination (p < 0.0001) compared 
with the RA untreated control group and MTX alone 
treated group. This lipid peroxidation marker was 
increased in untreated RA control group (p < 0.0001) and 
MTX alone control and treated groups (p < 0.0001) com-
pared with the normal control group (Fig. 8).

Quercetin inhibits the ADA enzyme alone or in combination 
with MTX
Our results illustrated that, ADA enzyme activity and 
gene expression were remarkably (p < 0.0001) increased 
in rat sera and joints of the untreated RA control group 
because of the swelling and inflammation occurred com-
pared with the normal control group. There was no sig-
nificant change observed in the sera and joints of the 
MTX and QUE alone control groups compared with the 
normal control group. In contrast, ADA enzyme activity 
and gene expression were significantly (p < 0.0001) inhib-
ited in rat sera and joints treated with the QUE or MTX 
alone or in combination with minimal inhibition in the 
combined group compared with the untreated RA con-
trol group. These results were consistent with the in silico 
and kinetic studies (Fig. 9).

Histological assessment of ankle joints
Histopathological analysis exhibited severe signs of 
arthritis associated with bone erosion, synovial hyperpla-
sia, inflammatory cell infiltration, and joint fusion of the 
untreated RA control ankle joint tissue group compared 
with normal control group. Also, the treated QUE and 
MTX either alone or in combination were able to recover 
from these effects compared with the untreated RA con-
trol group (Fig. 10).

Discussion
Quercetin (QUE) inhibits the oxidation of biomolecules 
and activates or inhibits several proteins. For instance, 
QUE inhibits the non-specific protein kinase enzyme 

Table 3 Effect of administration of QUE and/or MTX on paw volume

p < 0.05 is considered significant, where +: significantly different from the RA control group and *: significantly different from the normal control groups. Results are 
expressed as mean ± SE, (n = 8)

Groups Day (0) Day (7) Day (14) Day (21) Day (28)

Normal control 0.11 ± 0.009 0.133 ± 0.0045 0.137 ± 0.004 0.1331 ± 0.005 0.129 ± 0.003

Rheumatoid arthritis control 0.115 ± 0.004 1.032 ± 0.0078**** 0.809 ± 0.013**** 0.863 ± 0.024**** 0.809 ± 0.013****

Methotrexate control 0.116 ± 0.006 0.13 ± 0.0058 0.102 ± 0.005 0.073 ± 0.002 0.070 ± 0.008

Quercetin control 0.122 ± 0.002 0.135 ± 0.0042 0.152 ± 0.002 0.132 ± 0.001 0.131 ± 0.001

Methotrexate treatment 0.127 ± 0.002 1.031 ± 0.0137**** 0.898 ± 0.052**** 0.408 ± 0.030+++,**** 0.291 ± 0.029++++,**

Quercetin treatment 0.122 ± 0.002 1.026 ± 0.0096**** 0.72 ± 0.032**** 0.51 ± 0.048++,**** 0.44 ± 0.030+++,***

Combination treatment 0.128 ± 0.002 1.032 ± 0.0079**** 0.869 ± 0.016**** 0.369 ± 0.016++++,*** 0.233 ± 0.030++++,**

Fig. 5 The body weight of rats at the start and at the end of the 
experiment after treatment with QUE, MTX or their combination. 
Values are expressed as the mean ± SE (n = 8) of experimental group. 
*p < 0.05 showed significance vs. normal control, +p < 0.05 showed 
significance vs. the RA control group, #p < 0.05 showed significance vs. 
the MTX control group
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(Williams et  al. 2004). QUE has also been shown to act 
as an agonist of the G protein-coupled receptor (Pross-
nitz and Barton 2014). Previous studies have demon-
strated that QUE is a potential agent for the treatment of 
RA, however, the underlying antiarthritic mechanism of 
QUE has not been fully elucidated. Therefore, the present 
study addressed the molecular and biochemical mecha-
nisms of QUE alone or in combination with MTX on the 
ADA enzyme in an arthritic rat model. According to the 
in-silico study, QUE showed favorable binding with the 
ADA enzyme. QUE was isolated from Fenugreek seeds 
extract using silica gel column chromatography and 
it was resolved into fractions containing hexane/ethyl 
acetate/ethanol. This was done in accordance with Sam-
bandam et al. (2016) who isolated QUE from the leaves 

of Trigonella foenum-graecum (Sambandam et al. 2016). 
The structure of the isolated QUE was confirmed by sev-
eral technical methods. TLC revealed the same brown 
spot for the isolated QUE and the standard with  Rf value 
of 0.52 after the plate was sprayed with iodine and 5% 
 FeCl3. This result was similar to that of Singh et al. (2012) 
in which the  Rf value of QUE was confirmed. Moreover, 
the UV–vis spectroscopy initially confirmed the isolation 
of quercetin from Fenugreek extract with peaks at 386, 
296 and 262 nm compared with standard quercetin. Also, 
the isolated quercetin was analyzed by FTIR and revealed 
the presence of a C–O–C bond at 1009  cm−1, C=C bond 
at 1610   cm−1, C=O bond at 1667   cm−1 and an O–H 
bond at 3406  cm−1 compared with the standard querce-
tin. The results of UV–visible and FTIR of isolated QUE 

Fig. 6 Live animal imaging and X‑ray A normal control group, B RA control group, C MTX control group, D QUE control group, E MTX treated 
group, F QUE treated group, G MTX/QUE combinatorial treated group
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confirmed that its structure was similar to that previously 
described (Deore et  al. 2013; Tiwari et  al. 2015). There-
fore, the characterization measurements elucidated the 
effective isolation of quercetin from Fenugreek extract 
with a high degree of purity.

To compare the in-silico theoretical study with prac-
tical data, the ADA enzyme was isolated from rat joints 
and assayed in the absence and presence of Fenugreek 
QUE. The ADA activity was inhibited in rat joints by 
Fenugreek QUE with an  IC50 value of 0.17 mM, whereas 
previous study reported that the  IC50 value of Reynoutria 
japonica which represented a natural inhibitor of ADA 
was 0.629  mM (Zhang et  al. 2019). The fenugreek QUE 
acts as a non-competitive inhibitor with a  Ki value of 
55.5 mM. Moreover, the  Ki result is novel because there is 
no evidence in the literatures to compare the results with 
however, some studies are not consistent with our results 
(Singh and Sharma 2000; Adamek et  al. 2020; Kumar 
and Sharanya 2020; Kutryb-Zajac et al. 2020). Thus, our 
results indicated that Egyptian Fenugreek QUE may act 
as a natural inhibitor of ADA which is a key inflamma-
tory enzyme. This was confirmed theoretically in-silico 
and in practical studies.

The results showed that combining QUE and MTX 
therapy had a greater effect on reducing inflammatory 
symptoms compared with either MTX or QUE treat-
ment alone. The progression of arthritis led to dramatic 
decrease in rat body weight and an increase in the PV, 
this was consistent with previous studies reported RA in 
experimental animals (Rasool et al. 2006; Egan et al. 2004; 
Granado et  al. 2005; Roy et  al. 2017). When arthritic 
rats were compared with their normal control counter-
parts, they showed signs of arthritis. In contrast to their 
arthritic control counterparts, QUE-treated arthritic rats 
reported a marked increase in body weight and decrease 
in PV. These results are consistent with that of other 
studies (Rasool et al. 2006; Roy et al. 2017; Kumar et al. 
2009; Haleagrahara et al. 2017).

The anti-inflammatory efficacy of QUE alone or in 
combination with MTX was further confirmed by live 
imaging and X-ray examination of the animals. RA con-
trol rats showed mild to moderate cartilage damage 
and, bone erosion indicating bone destruction. This may 
result from the chronic exposure of ankle joints to pro-
inflammatory mediators such as TNF-α and IL-1β, which 
stimulate the production of proteolytic enzymes which 

Fig. 7 Levels of Il‑6, 1β, TNF‑α, CRP, CCP, and RF in the sera of different groups. Data are expressed as the means ± S.E. *p < 0.05 showed significance 
vs. the normal control, +p < 0.05 showed significance vs. the RA group
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result in the degradation of cartilage (Roy et al. 2017). We 
observed that small joints such as the tarsal, metatarsal, 
and interphalangeal were more affected in RA rat control 
group. However, in case of QUE-treated and MTX alone 
or in the combinational groups, these abnormalities were 
ameliorated, and in the QUE/MTX combined group, it is 
bearing more resemblance to radiographic pattern of the 
joints of normal group. This indicates the enhanced anti-
inflammatory efficacy of QUE and MTX.

Local injection of CFA resulted in an increase of TNF-
α, IL-1β, and IL-6 levels due to activation of autoimmun-
ity cells which aggravated complete inflammation. In 
contrast, treatment with QUE and/or MTX, showed a 
reduction in serum TNF-, IL-1β, and IL-6 with a mini-
mal reduction in the combined treated group compared 
with the RA untreated group. Thus, the combination 
treatment of QUE and MTX was more effective at limit-
ing inflammatory cell infiltration and halting or delaying 
bone loss. This is largely consistent with the presence of 

the different pathological patterns observed previously 
(Haleagrahara et al. 2017).

The immunological markers C-reactive protein 
(CRP), anti-cyclic citrullinated peptide (anti-CCP) or 
rheumatoid factor (RF) and ADA enzyme are released 
when cartilage and bone become inflamed. The pres-
ence of these immunological markers in the blood is 
associated with the onset and progression of arthritis. 
They are thought to play a part in the progression of RA 

Fig. 8 The levels of GPx (A) and MDA (B) post treatment with QUE 
or MTX, or their combination. Values are expressed as the mean ± SE. 
*p < 0.05 showed significance vs. the normal control, +p < 0.05 
showed significance vs. the RA control group, #p < 0.05 showed 
significance vs. the MTX treated group

Fig. 9 A ADA enzyme activity in rat’s sera. B ADA enzyme activity 
in rat’s joints tissues, C Relative expression of ADA in rat joint tissues. 
Data are expressed as the means ± S.E. (n = 8) *p < 0.05 showed 
significance vs. the normal control, +p < 0.05 showed significance vs. 
the RA control group
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(Nagatomo et  al. 2010; Shadick et  al. 2006). Contrary 
to what was mentioned previously (Shen et  al. 2015), 
our results showed that after 28  days, QUE and MTX 
therapy significantly decreased CRP, anti-CCP, RF and 
ADA enzyme with the lowest value for the combined 
treatment.

Recently, Sangeetha et al. reported a link between RA 
and oxidative stress. They demonstrated that elevated 
levels of ROS and oxidative stress caused liver, brain, 
and cartilage damage in CFA rats (Sangeetha et al. 2020). 
The data from the present study revealed that arthritic 
rats and MTX-administrated rats exhibited an impair-
ment in oxidant/antioxidant homeostasis, resulting in 
a marked increase in MDA levels and degradation of 

the antioxidant enzyme GPx in the joint supernatant. 
This finding is consistent with that of a previously study 
(Elmansy et  al. 2021). Furthermore, the combined ther-
apy of QUE and MTX reduced MTX-induced oxidative 
damage and increased antioxidant enzyme protection in 
joint tissue as QUE could reduce the production of free 
radicals. This is in accordance with previous report by 
Eshwarappa et al. who found that QUE had a hepatopro-
tective activity against hexachlorocyclohexane and thio-
acetamide-induced oxidative injury (Eshwarappa et  al. 
2015).

Previous studies have suggested correlation between 
ADA activity and RA joint inflammation (Gao et  al. 
2020; Nair et  al. 2020; Gangadharan et  al. 2021). The 

Fig. 10 Histopathological assessment of the A normal control group, B RA control group, C MTX control group, D QUE control group, E MTX 
treated group, F QUE treated group, G MTX/QUE combinatorial treated group

Fig. 11 Systematic diagram showed the effect of Egyptian fenugreek quercetin either alone or in combination with MTX in rheumatoid arthritis 
disease
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results demonstrated that there was significant increase 
in ankle joint ADA activity and mRNA levels in RA rats 
compared with control rats. After 28  days, QUE and 
MTX significantly decreased the activity and expression 
levels of ADA enzyme compared with the untreated con-
trols. This may be due to the anti-inflammatory, immu-
nomodulatory, antioxidant, and the regulatory effects of 
QUE on cell signaling (Almatroodi et al. 2021; Zaragozá 
et al. 2020; Marefati et al. 2021). Thus, QUE represents a 
targeted treatment for RA due to its effect on inflamma-
tory cells and molecules and this effect results from its 
role in inhibition of the ADA inflammatory enzyme.

The histopathology of the arthritic rat ankle joint 
revealed marked inflammatory conditions. QUE and 
MTX alone treated, or the combination groups showed 
a decrease in the sub—periosteum region, destruction 
of cartilage, synovial membrane and vascular prolifera-
tion with reduced levels of chondrocytes and synovial 
joint space. These observations were seen to a greater 
extent in the combination drug-treated group compared 
with the alone treated group indicating a synergistic 
effect of the combination. Furthermore, X-ray analysis 
and histopathological assessment also provided evi-
dence for the proper induction of RA in the rats follow-
ing adjuvant injection and the role of QUE and/or MTX 
as effective therapy for RA inflammation. This effect 
resulted from their role in inhibition of ADA inflamma-
tion enzyme. These results was in accordance with that 
of previous studies (Roy et al. 2017; Ebrahimzadeh et al. 
2008).

Conclusion
Collectively, the isolated quercetin from Egyptian Fenu-
greek seeds exhibits a significant inhibitory effect on 
adenosine deaminase enzyme (ADA), and inflammatory 
cytokines biomarkers either alone or in combination with 
methotrexate (MTX) in a RA rat model. Moreover, Fenu-
greek quercetin reduced MTX—induced toxicity. Thus, 
we recommended Egyptian Fenugreek quercetin as a 
natural adjuvant in mitigating (RA) because of its antiar-
thritic properties and its ability to improve the therapeu-
tic efficacy of MTX (Fig. 11).
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