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Abstract 

Background: Rheumatoid arthritis (RA), the most common cause of arthritis, is a chronic autoimmune disease of 

multifactorial etiology characterized by synovial hyperplasia, autoantibody production, cartilage and bone 

destruction, joint malformation and systemic features in the form of cardiovascular, pulmonary, psychological, and 

skeletal disorders. Its prevalence is 1% of the population. The pathogenesis of RA is still not fully understood. RA 

starts by a cascade of inflammatory events lead to degradation of tissues. It is characterized by low interferon γ (IFN 

γ) produced by Th1 cells in the joint with high TNFα, IL-1, IL-6 and others derived from macrophages and 

synoviocytes. High levels of serum TNFα, IL-1cause synovial inflammation and joint damage, activates tissue-

destroying matrix metalloproteinases, and additionally stimulates the development of osteoclasts, which are 

responsible for bone degradation. Treatment strategies for RA include steroids, NSAID’s, immunosuppressant agents, 

DMARD, among others; however, they have their own share of side effects and toxicities. Thus, naturally originated 

drugs are highly desired to substitute chemical therapeutics. The present study was designed to evaluate the possible 

effect of hesperidin on RA in male rats and to explain the possible mechanisms underlying such effect. 

Animals and Methods: 36 male albino rats were divided into two main groups kept under observation for one week 

(group I) and two weeks (group II). Each group was divided into three subgroups: normal (subgroup A), RA 

(subgroup B) and oral hesperidin (25 mg/kg) treated (subgroup C). Ankle diameter, serum RF, IL-1β, TNFα, IL-4, IL-

10, livers homogenates MDA, GSH, SOD and NO were measured in addition to right ankle joints histopathological 

examination. 

Results: Hesperidin treatment to the rheumatic rats was associated with decreased ankle diameter, serum RF, IL-1β, 

TNFα and liver homogenates MDA and NO, and increased serum IL-4 and IL-10 and liver homogenates GSH and 

SOD with reduced inflammatory cell infiltrate and necrosis of articular cartilage compared to arthritic group. Two 

weeks treatment showed better results than one week treatment. 

Conclusion: Hesperidin have pronounced useful effects in alleviating the disturbed ankle diameter, serum RF, IL-1β, 

TNFα, IL-4, IL-10, oxidative stress in liver homogenate and ankle joint histopathology in rheumatic male rats. 

Keywords: Rheumatoid arthritis, ankle edema, hesperidin, oxidative stress. 
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Introduction 

Rheumatoid arthritis (RA) is a chronic systemic 

autoimmune disease that characterized by 

persistent synovial inflammation and progressive 

destruction of both joint cartilage and bone tissues 
(1)

. Worldwide prevalence of RA has been 

estimated to be 0.5–1.0% of adults in developed 

countries and it is approximately three-times more 

common in the female gender. RA may begin at 

any age, but in around 80% of all patients it 

initiates between the ages of 35 and 50 years 
(2)

. 

Altered immune response explains the 

pathophysiology of RA. Pro-inflammatory 

cytokines as TNF-α and IL-1β are considered the 

main contributors in the pathogenesis of RA. Joint 

destruction and systemic bone loss is cause by 

prolonged immune activation
(3)

. It is noted that 

many RA patients suffer from severe adverse side 

effects such as gastrointestinal ulcergenicity, 

cardiovascular complication, hematologic toxicity 

and renal morbidity 
(4)

. 

Patients with RA are treated mainly by synthetic 

medicines belonging to NSAIDs combined with 

the steroid hormones or disease-modifying anti-

rheumatic drugs (DMARDs). Although, these 

drugs suppress inflammation and ameliorate 

symptoms, but they do not significantly improve 

the long-term disease outcome
(5)

. Several studies 

considered herbal medicines as a potentially 

important avenue leading to novel therapeutic 

agents for RA that may not only prevent structural 

damage of arthritic joints caused by tissue and 

bone breakdown, but also be safe, relatively 

inexpensive, highly tolerated and convenient for 

many patients
(6)

. Hesperidin is a naturally 

occurring flavonoid. Its highest concentrations are 

found in citrus fruit peels. Also, it occurs in all 

parts of plants including fruit, vegetables, nuts, 

seeds, leaves, flowers and bark. Hesperidin is an 

effective antioxidant and anti-inflammatory agent. 

It has anti-arthritic and anti-atherogenic effect 
(7)

.  

The present study was designed to investigate the 

possible effect of the use of hesperidin on 

progression of adjuvant-induced arthritis in male 

rats. 

Materials& Methods 

I-Experimental Animals 

Thirty six adult male albino rats weighing 100-

120 g were used as experimental animals in the 

present study obtained from the animal house of 

Kasr Al Aini, Faculty of Medicine, Cairo 

University. They were kept under observation for 

about 15 days before the onset of the experiment 

for adaptation and to exclude any intercurrent 

infection. The chosen animals were housed (four 

per cage) in plastic cages with good aerated covers 

in the animal house of Zoology Department, 

Faculty of Science, Beni-Suef University, at 

normal temperature (25±5°C) with 12 hours 

light/dark cycles. They were given access of water 

and supplied daily with standard diet of known 

composition. All experimental protocols described 

in the present study were approved by the Ethics 

Review Committee for Animal Experimentation 

of the National Institutes of Health Guidelines for 

the Care and Use of Laboratory Animals of 

Faculty of Science, Beni-Suef University with 

approval number: BSU/FM/2015/1. 

II-Drug Preparation 

Complete Freund’s adjuvant (CFA) and 

hesperidin were purchased from Sigma Chemicals 

Co., St. Louis, MO, USA, stored at 2-4 °C and 

protected from sunlight. Hesperidin was dissolved 

in 5 ml of 1% carboxymethylcellulose (CMC) 

solution as a vehicle and was given by oral gavage 

daily for the period of the study. 

III - Induction of Rheumatoid Arthritis 

Adjuvant arthritis was induced by a single 

subcutaneous injection of 0.1 ml complete 

Freund’s adjuvant (CFA), a suspension of heat-

killed Mycobacterium tuberculosis in mineral oil 

into a footpad of the right hind leg of male rats. 

The inflammatory manifestations as redness, 

edema, and hyper-responsiveness to noxious 

stimuli were limited to the injected paw. 

Inflammation started to appear shortly after the 

injection and was peaked after 14 days 
(8)

. 
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IV- Animals Grouping 

The considered rats were divided into two main 

groups kept under the same laboratory conditions 

as follows: 

Group I: Kept for one week.   

Group II: Kept for two weeks. 

 

Each group was divided into three subgroups with 

six animals each as follows: 

Subgroup A (control subgroup): Animals were 

given oral equivalent volume of CMC.  

Subgroup B (RA subgroup):  RA was induced on 

day 0 of the experiment. Rats were given oral 

equivalent volume of CMC. 

Subgroup C (RA treated with hesperidin 

subgroup): RA was induced on day 0 of the 

experiment. Rats were administrated oral 25 

mg/kg of hesperidin 
(9)

. 

All treatments were given orally daily between 

8:00 and 10:00 am. 

VI- Animals scarification and samples 

collection 

At the end of 1st and 2nd week, rats of each 

subgroup were sacrificed under diethyl ether 

anesthesia. The ankle circumference of right hind 

leg was measured and blood was collected from 

jugular vein. Serum was separated by 

centrifugation of blood at 3000 rpm for 15 

minutes and the clear non-hemolysed supernatant 

sera were quickly removed, divided into three 

portions for each individual animal and kept at -

20°C till used. Ankle regions were removed, fixed 

in 10% neutral buffered formalin for histo-

pathological examination.  

Liver from each animal was excised after 

dissection, cleaned of blood, later blotted with a 

clean tissue paper, weighed and 0.5 g from each 

liver was homogenized in 5ml 0.9% NaCl (10% 

w/v) using Teflon homogenizer (Glas-col, Terre 

Haute, USA). The supernatant homogenate for 

each liver sample was obtained by centrifuging 

the homogenate at 3000 r.p.m. for 5 minutes. The 

obtained supernatant of each sample was kept at -

20°C until used for detection of parameters of 

oxidative stress (malondialdehyde ʺMDA″ and 

nitric oxide ʺNO″) and antioxidant defense system 

(reduced glutathione ʺGSH″ and super oxide 

dismutase ʺSOD″). 

VII- Experimental Studies 

VII- 1- Detection of ankle diameter:  

At the end of the experimental period, the right 

hind leg circumference at region of paw was 

measured as an indicator of swelling rate and paw 

edema in different groups using a string wrapped 

around the leg at region of paw. The length of the 

string was measured by a ruler. Measurements 

were taken on the 7
th

and14
th

 days after adjuvant 

injection. 

VII- 2 Determination of serum RF 

concentration 

The level of RF in the serum of the groups were 

determined using specific enzyme-linked 

immunosorbent assay (ELISA) kits purchased 

from R and A systems, USA according to 

manufacturer's instructions.  

Principle 

RF ELISA kit applies the competitive enzyme 

immunoassay technique utilizing a monoclonal 

anti-RF antibody and an RF-HRP conjugate. The 

assay sample and buffer were incubated together 

with RF-HRP conjugate in pre-coated plate for 

one hour. After the incubation period, the wells 

were decanted and washed five times. The wells 

were then incubated with a substrate for HRP 

enzyme. The product of the enzyme-substrate 

reaction formed a blue colored complex. Finally, a 

stop solution is added to stop the reaction, which 

then turns the solution yellow. The intensity of 

color was measured spectrophotometrically at 450 

nm in a microplate reader. The intensity of the 

color was inversely proportional to the RF 

concentration since RF from samples and RF-

HRP conjugated compete for the anti-RF antibody 

binding site. Since the number of sites was 

limited, as more sites were occupied by RF from 

the sample, fewer sites were left to bind RF-HRP 

conjugate. A standard curve was plotted relating 

the intensity of the color (O.D.) to the concen-

tration of standards. The RF concentration in each 

sample was interpolated from this standard curve. 
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VII- 3- Determination of serum TNF-α, IL-1β, 

IL-4 and IL-10 concentrations 

The level of TNF-α in the serum of the groups 

were determined using specific ELISA kits 

purchased from R and A systems, USA according 

to manufacturer's instructions 
(10)

. Serum IL-1β 

was determined by ELISA kits obtained from 

Thermo Scientific (USA) according to 

manufacturer's instructions. The level of IL-4 in 

the serum of the groups was determined using 

specific ELISA kits purchased from R and A 

systems, Inc., USA according to manufacturer's 

instructions. The level of IL-10 in the serum of the 

groups was determined using specific ELISA kits 

purchased from R and A systems, USA. The 

concentrations of IL-10 were determined using 

spectrophotometer at 450 nm according to the 

manufacturer's instructions 
(11)

. 

Principle 

This assay employs the quantitative sandwich 

enzyme immunoassay technique. Monoclonal 

antibodies specific for rat TNF-α, IL-1β, IL-4 or 

IL-10 were pre-coated onto a microplate. 

Standards control, and samples were pipetted into 

the wells and any rat TNF-α, IL-1β, IL-4 or IL-10 

present were bound by the immobilized antibody. 

After washing away any unbound substances, 

Enzyme-linked polyclonal antibodies specific for 

rat TNF-α, IL-1β, IL-4 or IL-10 were added to the 

wells. Following a wash to remove any unbound 

antibody-enzyme reagent, a substrate solution was 

added to the wells. The enzyme reaction yields a 

blue product that turns yellow when the Stop 

Solution is added. The intensity of the color 

measured was in proportion to the amount of rat 

TNF-α, IL-1β, IL-4 or IL-10 bound. Sample 

values were then read off of the standard curve.  

VII- 4 - Determination of nitric oxide 

concentration in Liver homogenate 

Liver homogenates were used to determine nitric 

oxide (NO) using Nitric Oxide (NO2-/NO3-) 

assay Kit (Assay Designs, Ann Arbor, MI, USA) 

according to manufacturer's instructions 
(12)

.  

 

 

Principle 

Greiss reagent was used for the quantitative 

colorimetric determination of NO levels as total 

nitrate/nitrite. To reduce nitrate to nitrite, 

vanadium trichloride and then Griess reagent was 

added and incubated at 37°C. The absorbance was 

measured after allowing the mixture to cool at 540 

nm. Results were expressed as μmol/g tissue. 

VII- 5 - Determination of liver homogenate 

lipid peroxidation concentration 

Liver homogenate lipid peroxidation was 

determined according the method of Ohkawa et al. 
(13)

. 

Principle 

Thiobarbituric acid (TBA) reacts with MDA in 

acidic medium at temperature of 95°C for 30 min. 

to form TBA reactive product. The absorbance of 

the resultant pink product can be measured at 534 

nm. 

VII- 6 - Determination of the liver homogenate 

reduced glutathione concentration 

Reduced glutathione concentration in the liver 

homogenate of the groups was determined 

according to Tietze’s method 
(14)

.  

Principle 

The assay is based on the reaction of GSH with 

Ellman’s reagent (also known as 5, 5'‐dithio bis2‐ 

nitrobenzoic acid (DTNB)) that produces the TNB 

chromophore, which has a maximal absorbance at 

412 nm, and oxidized glutathione– TNB adduct 

(GS–TNB). The rate of formation of TNB, 

measured at 412 nm, is proportional to the 

concentration of GSH in the sample. The disulfide 

product (GS–TNB) is then reduced by GR in the 

presence of NADPH, recycling GSH back into the 

reaction. Because GR reduces the GSSG formed 

into 2GSH, the amount of glutathione measured 

represents the sum of reduced and oxidized 

glutathione in the sample ([GSH] total = [GSH] + 

2 × [GSSG]). The rate of change in absorbance 

(ΔA412 nm min–1) is made to be linear for the 

convenience and consistency of measurement, and 

is linearly proportional to the total concentration 

of GSH. The concentration of an unknown sample 

is determined by calculating from the linear 
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equation or the regression curve generated from 

several standards of GSH. 

VII- 7 - Determination of the liver homogenate 

superoxide dismutase concentration 

SOD activity in liver homogenate was assayed 

according to the method of Marklund and 

Marklund 
(15)

.  

Principle 

The pyrogallol is auto-oxidized rapidly in aqueous 

solution to produce a yellow color that can be read 

at 430 nm. This process is dependent on the 

presence of superoxide anions. SOD inhibits the 

auto-oxidation of the pyrogallol by catalyzing the 

breakdown of superoxide. The amount of enzyme 

that cause a 50% resistance in the extinction 

changes in 1 minute compared to the control can 

be regarded as one unit of enzyme. To 0.5 ml of 

tris buffer, 0.25 ml of the homogenate supernatant 

was added. The initial absorbance was read after 

the addition of 0.1 ml pyrogallol and at 10 

minutes after the addition. Distilled water (0.25 

ml) instead of homogenate supernatant was used 

in control preparation. ΔE is obtained by 

subtraction of the final absorbance from the initial 

one. Each 50% inhibition is equivalent to 1 unit of 

the enzyme activity. 

VII- 8 - Histopathological investigation 

After sacrifice and dissection, ankle regions were 

removed, washed in saline and fixed in 10% 

neutral buffered formalin. The ankle regions were 

decalcified for 10 days with ethylene-diamine-

tetra-acetic acid and embedded in paraffin for 

histological analysis in Histopathology Depart-

ment, Faculty of Veterinary Medicine, Beni-Suef 

University. The sections were stained with 

hematoxylin and eosin, and then examined by 

light electric microscope. 

VIII- Statistical Analysis 

Data were coded and entered using the statistical 

package SPSS version 23. Data were summarized 

using mean and standard deviation for quantitative 

variables. Comparisons between groups were done 

using unpaired t test when comparing 2 groups 

and analysis of variance (ANOVA) with multiple 

comparisons post hoc test when comparing more 

than 2 groups 
(16)

.  P-values less than 0.05 were 

considered statistically significant. 

% change after rheumatoid arthritis induction and 

drug administration was calculated using the 

equation: 

 

 % Change =            × 100 

 

Where: 

V1 = New value of treated groups. 

V2 = Control value obtained from rheumatic rats. 

Values are presented as mean ±SD. Results 

considered statistically significant if (P<0.05). 

 

Results 

The present work studied the effect of the use of 

hesperidin on ankle diameter, serum RF,IL-1β, 

TNFα, IL-4, IL-10, oxidative stress and 

antioxidant markers in liver homogenate and ankle 

joint histopathology in normal and rheumatic 

arthritic male rats for one and two weeks. 

Effect on ankle diameter 

(Table 1 and figure 1). 

After induction of RA, on day 1, there were 

significant swelling and inflammation in the ankle 

joint of right leg of rats at the site of CFA 

injection. This edema persists till the end of the 

work. After one and two weeks of induction of 

RA in rats, the results showed significant increase 

in ankle diameter (in cm) in subgroup IB by +32% 

and subgroup IIB by +46.7% when compared with 

subgroups IA and IIA respectively. However, 

when observing ankle diameter after treatment of 

RA in rats with hesperidin for one week (subgroup 

IC) and two weeks (subgroup IIC), the results 

showed significant decrease in ankle diameter in 

subgroup IC by –9.76% and in subgroup IIC by -

27.33% when compared with subgroups IB and 

IIB respectively. 

One week vs. two weeks: 

When comparing the ankle diameters in subgroups 

IA and IIA, the results showed no significant 

difference between them. In case of induction of 

RA, the results showed significant increase in 

ankle diameter in subgroup IIB when compared 

 

   V1- V2 

V2 
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with subgroup IB indicating the progression of 

RA. In case of hesperidin-treated rats, the results 

showed significant decrease in ankle in subgroup 

IIC when compared with subgroup IC. 

 

Table (1): comparison of ankle diameter after one (I) and two (II) weeks in normal (A), RA (B) and 

hesperidin(C) subgroups. 

 IA IB IC 

Ankle 2.25± 0.19 2.97± 0.12 * 2.68± 0.15 *
#
 

diameter (cm) IIA IIB IIC 

 2.27± 0.16 3.33± 0.3 
#$

 2.42± 0.12 
$@^ 

Results are presented in mean (cm) ± standard 

deviation. P<0.05 is considered statistically 

significant. 

Statistically significant as compared to: control 

subgroup IA (*), RA subgroup IB (
#
), control 

subgroup IIA (
$
), RA subgroup IIB (

@
) and 

hesperidin subgroup IC (
^
). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results are presented in mean (cm) ± standard deviation. P<0.05 is considered statistically significant. 

Statistically significant as compared to: control subgroup IA (*), RA subgroup IB (
#
), control subgroup IIA 

(
$
), RA subgroup IIB (

@
) and hesperidin subgroup IC (

^
). 

Figure (1): comparison of ankle diameter after one (I) and two (II) weeks in normal (A), RA (B) and 

hesperidin (C) subgroups. 

 

Effect on serum RF level: (Table 2 and figure 2) 

After induction of RA in rats, the results show 

significant increase in serum RF in subgroup IB 

by +132.68 % and subgroup IIB by +224.55% 

when compared with subgroups IA and IIA 

respectively. However, after treatment of RA with 

hesperidin for one week and for two weeks , the 

results showed significant decrease in serum RF in 

subgroup IC by –38.91 % and  in subgroup IIC by 

–49.52% when compared with subgroups IB and 

IIB respectively. 

One week vs. two weeks 

When comparing serum RF levels in subgroups 

IA and IIA, the results showed no significant 

difference between them. In case of induction of 

RA, the results showed significant increase in 

serum RF level in subgroup IIB when compared 

with subgroup IB. In case of hesperidin-treated 

rats, the results showed significant decrease in 

serum RF level in subgroup IIC when compared 

with subgroup IC. 
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Table (2): comparison of serum RF level after one (I) and two (II) weeks in normal (A), RA (B) and 

hesperidin (C) subgroups. 

 IA IB IC 

Rheumatoid 10.13± 2.08 23.57± 3.66 * 14.40± 1.44 *
#
 

factor IIA IIB IIC 

 10.07± 0.98 34.63± 3.94 
#$

 17.48± 2.66 
$@^

 

Results are presented in mean (IU/ml) ± standard 

deviation. P<0.05 is considered statistically 

significant. 

Statistically significant as compared to: control 

subgroup IA (*), RA subgroup IB (
#
), control 

subgroup IIA (
$
), RA subgroup IIB (

@
) and 

hesperidin subgroup IC (
^
). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results are presented in mean (IU/ml) ± standard deviation. P<0.05 is considered statistically significant. 

Statistically significant as compared to: control subgroup IA (*), RA subgroup IB (
#
), control subgroup IIA 

(
$
), RA subgroup IIB (

@
) and hesperidin subgroup IC (

^
). 

Figure (2): comparison of serum RF level after one (I) and two (II) weeks in normal (A), RA (B) and 

hesperidin (C) subgroups. 

 

Effect on serum pro-inflammatory cytokines 

(TNFα and IL-1β): (Table 3 and figure 3a and 

b). 

After induction of RA in male rats, the 

administration of CFA to rats produced a 

significant increase in serum levels of both TNFα 

(+170.66 % and +252.56 %) and IL-1β (+310.90 

% and +519.72 %) in subgroups IB and IIB as 

compared to subgroups IA and IIA respectively. 

However, after treatment of RA with hesperidin 

for one week and for two weeks, the results 

showed significant decrease  in serum TNFα level 

(–52.61 % and –51.30 %) and IL-1β levels (–

40.40 % and –58.85 %) in subgroups IC and IIC 

when compared with subgroups IB and IIB 

respectively. 

One week vs. two weeks  

When comparing serum TNFα and IL-1β levels in 

subgroups IA and IIA, the results showed no 

significant difference between them. In case of 

induction of RA, the results showed significant 

increase in serum TNFα and IL-1β levels in 

subgroup IIB when compared with subgroup IB. 

In case of hesperidin-treated rats, the results 

showed significant decrease in serum TNFα and 

IL-1β levels in subgroup IIC when compared with 

subgroup IC. 
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Table (3): comparison of serum TNFα and IL-1β levels after one (I) and two (II) weeks in normal (A), RA 

(B) and hesperidin(C) subgroups. 

 IA IB IC IIA IIB IIC 

TNFα 31.73 ± 4.17 85.88 ± 7.97 * 40.70 ± 2.85 *
#
 36.17 ± 5.44 127.52 ± 5

#$
 62.10 ± 6.23

$@^
 

 IA IB IC IIA IIB IIC 

IL-1β 32.75 ± 3.53 134.57± 6.88 * 80.20 ± 5.27 *
#
 30.93 ± 4.8 191.68 ± 20.11

#$
 78.88± 13.13

$@^
 

 

Results are presented in mean (pg/ml) ± standard 

deviation. P<0.05 is considered statistically 

significant. 

Statistically significant as compared to: control 

subgroup IA (*), RA subgroup IB (
#
), control 

subgroup IIA (
$
), RA subgroup IIB (

@
) and 

hesperidin subgroup IC (
^
). 

                                                     
Results are presented in mean (pg/ml) ± standard deviation. P<0.05 is considered statistically significant. 

Statistically significant as compared to: control subgroup IA (*), RA subgroup IB (
#
), control subgroup IIA 

(
$
), RA subgroup IIB (

@
) and hesperidin subgroup IC (

^
). 

Figure (3): comparison of serum TNFα level (a) and serum IL-1β level (b) after one (I) and two (II) weeks 

in normal (A), RA (B) and hesperidin (C) subgroups.  

 

Effect on serum anti-inflammatory cytokines 

(IL-4 and IL-10):(Table 4 and figure 4a and b). 

After induction of RA in male rats, the 

administration of CFA to rats produced a 

significant decrease in serum levels of both IL-4 (-

27.93 % and -41.69 %) and IL-10 (-62.61 % and -

70.50 %) in subgroups IB and IIB as compared to 

subgroups IA and IIA respectively. However, after 

treatment of RA with hesperidin for one and for 

two weeks, the results showed significant increase 

in serum IL-4 level (+28.15 % and +75.67 %) and 

IL-10 levels (+91.60 % and +201.01 %) in 

subgroups IC and IIC when compared with 

subgroups IB and IIB respectively. 

One week vs. two weeks  

When comparing serum IL-4 and IL-10 levels in 

subgroups IA and IIA, the results showed no 

significant difference between them. In case of 

induction of RA, the results showed significant 

decrease in serum IL-4 and IL-10 levels in 

subgroup IIB when compared with subgroup IB. 

In case of hesperidin treated rats, the results 

showed significant increase in serum IL-4 and IL-

10 levels in subgroup IIC when compared with 

subgroup IC. 
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Table (4): comparison of serum IL-4 and IL-10 levels after one (I) and two (II) weeks in normal (A), RA 

(B) and hesperidin (C) subgroups. 

 IA IB IC IIA IIB IIC 

IL-4 127.93±6.78 92.18±2.31 * 118.13 ± 2.49*# 124.65±6.02 72.68±2.85 #$ 127.68± 3.16 $@^ 

 IA IB IC IIA IIB IIC 

IL-10 129.97±3.56 48.60±2.84 * 93.12 ±2.01*# 129.88±4.09 38.32±4.69 #$ 115.35 ± 2.44 $@^ 

 

Results are presented in mean (pg/ml) ± standard 

deviation. P<0.05 is considered statistically 

significant. 

Statistically significant as compared to: control 

subgroup IA (*), RA subgroup IB (
#
), control 

subgroup IIA (
$
), RA subgroup IIB (

@
) and 

hesperidin subgroup IC (
^
). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results are presented in mean (pg/ml) ± standard deviation. P<0.05 is considered statistically significant. 

Statistically significant as compared to: control subgroup IA (*), RA subgroup IB (
#
), control subgroup IIA 

(
$
), RA subgroup IIB (

@
) and hesperidin subgroup IC (

^
). 

Figure (4): comparison of serum IL-4 level (a) and serum IL-10 level (b) after one (I) and two (II) weeks in 

normal (A), RA (B) and hesperidin (C) subgroups 

 

Effect on liver homogenate oxidative stress 

biomarkers (MDA, GSH and SOD) and NO: 

(Tables 5 and 6 and figures 5a and b and 6a and 

b). 

After induction of RA in male rats, the 

administration of CFA to rats produced a 

significant increase in liver homogenates MDA 

(+58.52 % and +80.37%) and NO (+119.02 % and 

+160.60 %) and significant decrease in liver 

homogenates GSH (-50.23 % and -65.64 %) and 

SOD (-39.68% and -58.04%) in subgroups IB and 

IIB as compared to subgroups IA and IIA 

respectively. However, after treatment of RA with 

hesperidin for one and for two weeks, the results 

showed significant decrease in liver homogenates 

MDA (–20.45 % and –37.53 %) and NO (-16.51 

% and –52.01 %) and significant increase in liver 

homogenates GSH (+70.94 % and +158.05 %) 

and SOD (+39.73% and +126.29%) in subgroups 

IC and IIC when compared with subgroups IB and 

IIB respectively. 

One week vs. two weeks 

When comparing liver homogenate oxidative 

stress biomarkers (MDA, GSH and SOD) and NO 

levels in subgroups IA and IIA, the results showed 

no significant difference between them. In case of 

induction of RA, the results showed significant 
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increase in liver homogenates MDA and NO and 

significant decrease in liver homogenates GSH 

and SOD in subgroup IIB when compared with 

subgroup IB. In case of hesperidin treated rats, the 

results showed significant increase in liver 

homogenates GSH and SOD and significant 

decrease in liver homogenates MDA and NO 

levels in subgroup IIC as compared with subgroup 

IC. 

 

Table (5): comparison of liver homogenate MDA and GSH levels after one (I) and two (II) weeks in normal 

(A), RA (B) and hesperidin (C) subgroups. 

 IA IB IC IIA IIB IIC 

MDA 113.97±2.87 180.07±2.11 * 143.72 ± 3.8 5 *# 113.13±3.21 204.05±5.12 #$ 127.48 ±2.27$@^ 

 IA IB IC IIA IIB IIC 

GSH 479.8±18.9 238.8±27.3 * 408.2 ±1.98 *# 489.8±11.1 168.3±18.5 #$ 434.3 ± 1.37 $@^ 

Results are presented in mean (nmol/g tissue) ± 

standard deviation. P<0.05 is considered 

statistically significant. 

Statistically significant as compared to: control 

subgroup IA (*), RA subgroup IB (
#
), control 

subgroup IIA (
$
), RA subgroup IIB (

@
) and 

hesperidin subgroup IC (
^
). 

 

 
Results are presented in mean (nmol/g tissue) ± standard deviation. P<0.05 is considered statistically 

significant. 

Statistically significant as compared to: control subgroup IA (*), RA subgroup IB (
#
), control subgroup IIA 

(
$
), RA subgroup IIB (

@
) and hesperidin subgroup IC (

^
). 

Figure (5): comparison of liver homogenate GSH level (a) and liver homogenate MDA level (b) after one 

(I) and two (II) weeks in normal (A), RA (B) and hesperidin(C) subgroups. 
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Table (6): comparison of liver homogenate SOD and NO levels after one (I) and two (II) weeks in normal 

(A), RA (B) and hesperidin (C) subgroups. 

 IA IB IC IIA IIB IIC 

SOD 41.73±2.40 25.17±2.94 * 35.17 ±1.91 *# 41.42±3.74 17.38±2.55 #$ 39.33 ±1.56$@^ 

 IA IB IC IIA IIB IIC 

NO 7.52±1.08 16.47±1.44 * 13.75±1.56*# 8.30±1.07 21.63±1.38 #$ 10.38±1.07 $@^ 

Results are presented in mean (U/g tissue) ± 

standard deviation. P<0.05 is considered 

statistically significant. 

Statistically significant as compared to: control 

subgroup IA (*), RA subgroup IB (
#
), control 

subgroup IIA (
$
), RA subgroup IIB (

@
) and 

hesperidin subgroup IC (
^
). 

 

 
Results are presented in mean (U/g tissue) ± standard deviation. P<0.05 is considered statistically 

significant. 

Statistically significant as compared to: control subgroup IA (*), RA subgroup IB (
#
), control subgroup IIA 

(
$
), RA subgroup IIB (

@
) and hesperidin subgroup IC (

^
). 

Figure (6): comparison of liver homogenate SOD level (a) and liver homogenate NO level (b) after one (I) 

and two (II) weeks in normal (A), RA (B) and hesperidin (C) subgroups. 

 

Histopathological changes in Ankle Joints: 

(Figures 7a-j) 

Rats in the normal subgroups IA and IIA 

exhibited a normal histological structure of the 

articular cartilage (Figures 7a, 7b respectively). 

Conversely, both arthritic subgroups IB and IIB 

exhibited markedly abnormal histopathological 

structure, including massive synovial cell 

proliferation with high neovascular-ization, 

inflammation, infiltration with stellate cells and 

extensive erosive changes to articular cartilage 

(Figure 7c-f). Moreover, subgroup IIB showed 

more extensive infiltration with inflammatory 

cells to ankle joints (Figure 7e, 7f).On the other 

hand, in subgroup IC and subgroup IIC, rats 

exhibited only mild synovial hyperplasia, and a 

small number of inflammatory cells infiltration 

(Figure 7g-j). While subgroup IIC showed new 

cartilage formation and less inflammatory cells 

(Figure 7i, 7j). 
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Slides are showing normal histological structure of the articular cartilage of subgroup IA (7a) and subgroup 

IIA (7b). Slides are also showing S: infiltration with stellate cells, IF: inflammatory cells infiltration, V: 

high vascularization and N: necrosis of articular cartilage in subgroup IB (7c, 7d) and subgroup IIB (7e, 7f). 

However, the pathological changes are more extensive with massive inflammatory cells infiltration in 

subgroup IIB. Slides are showing IF: inflammatory cells infiltration, H: hyperplasia of synovial cells, and V: 

high vascularization in subgroup IC (7g, 7h) and subgroup IIC (7i, 7j). However, there is C: new cartilage 

formation with moderate inflammatory cells infiltration in subgroup IIC. 

 

Discussion 

RA is a disabling disease that needs rapid 

appropriate treatment at the onset of the disease to 

prevent permanent deformities that would affect a 

patient’s occupation, income and quality of life
(17)

. 

Treating RA by NSAIDs, DMARDs and 

glucocorticoids may cause severe adverse 

reactions and do not significantly improve the 

long-term disease outcome 
(4)

. Due to these facts, 

the exploration of new anti-RA drugs with high 
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efficacy and less toxicity are eagerly needed. 

Adjuvant arthritis models by as SC. injection of 

CFA to rats lead to development of RA and is 

predictive of the clinical efficacy of many drugs in 

human RA
(18)

. AIA can be compounded by 

systemic disease, infiltration of inflammatory 

cells, and hyperplasia of synovial membrane in 

association with destruction of joints looking like 

RA in humans 
(19)

.  

The present study was designed to evaluate the 

efficacy of the use of hesperidin for one and two 

weeks on ankle diameter, serum levels of RF, 

serum levels of pro-inflammatory biomarkers (IL-

1 β and TNF-α), serum anti-inflammatory 

cytokines (IL-4 and IL-10), oxidative stress in 

liver homogenate (GSH, MDA, NO and SOD) and 

histopathology of ankle joint on progression and 

severity of joint damage of adjuvant-induced 

rheumatoid arthritis in male rats. The present data 

revealed that use of hesperidin caused a 

significant amelioration of serum pro-

inflammatory cytokines, liver oxidative stress and 

joint damage of adjuvant-induced rheumatoid 

arthritis in male rats. 

Molecular pathogenesis of RA remains unclear, 

but hyperplasia of the synovial membrane can be 

explained by both hyperproliferation of synovial 

fibroblasts, and massive infiltration of 

inflammatory immune cells including T-cells and 

innate immune cells
(20)

. The extensive increase in 

the number of inflammatory T cells and 

macrophages into the joints occurs through a 

complex series of adhesion and migratory events 

and leads to joint destruction, erosive and 

systemic bone loss
(3)

. The possible mechanism of 

RA caused by CFA SC. Injection may be due to 

increase in the activity of antigen presenting cells 

(APC), leading to the presentation to auto reactive 

T cells 
(21)

.  

In the present study, the increased ankle joint 

circumference of right hind leg of arthritic rats and 

serum RF significantly decreased as a result of 

treatment with hesperidin. This may be attributed 

to the reduction in edema, attenuation of 

inflammatory process and the reduction of 

synovial tissue hyperplasia as indicated by the 

histological results of joint in the present study. 

These results run parallel to several reports 

showed that treatment of rats with hesperidin 

significantly attenuated secondary paw swelling 

and reduced the polyarthritis index of AIA rats 

and its mechanism is related, at least in part, to its 

immunomodulatory properties 
(22,23)

. It is possible 

that hesperidin may decrease ankle edema by 

inhibiting phospholipase A2, lipoxygenase, and 

cyclooxygenase (COX) enzymes. It has been 

noted that hesperidin affected the immune system 

through up-regulation the function of 

dysfunctional T lymphocytes and down-regulation 

of the over-activated macrophages 
(24)

. 

In RA, inflammatory process involves many 

different types of cells and a complex cytokine 

network that determines the degree and extent of 

inflammation
(25)

., IL-1 and TNFα are pro-

inflammatory cytokines that stimulate synovial 

fibroblasts and adjacent chondrocytes thereby 

secreting enzymes that degrade proteoglycans, 

collagen, and connective tissues, resulting in 

tissue destruction. TNF-α being a key 

inflammatory mediator triggers an increase in 

synovial proliferation, production of other 

secondary mediators and also induces osteoclast 

differentiation which leads to joint destruction 
(26)

. 

Increased serum level of IL-1β induced COX 

expression, knee joint inflammation and cartilage 

and bone resorption 
(27)

.So, any drug therapy can 

suppress pro-inflammatory cytokines and NF-κB 

may be an appropriate therapeutic strategy for RA 
(28)

. 

The current study revealed increased serum levels 

of both IL-1  and TNF-  in the rheumatoid 

arthritis groups. These results run parallel to 

several previous reports that showed RA 

progression accelerated by pro-inflammatory 

cytokines (TNF-α and IL-1β) and chemokines 
(29,30)

. In comparison to the arthritic control, the 

serum samples from the animals receiving 

hesperidin treatment demonstrated a significant 

drop in the levels of IL-1  and TNF- . These 

results run parallel to several reports showed that 



 

Hader I. Sakr et al JMSCR Volume 05 Issue 10 October 2017 Page 29580 
 

JMSCR Vol||05||Issue||10||Page 29567-29585||October 2017 

hesperidin treatment showed the least 

concentration of TNF-α and IL1β in rheumatoid 

arthritis rats 
(31,23)

. However, hesperidin intake 

would not cause an inappropriate immune 

response in healthy people
(24)

. Hesperidin caused 

amelioration of joint destruction, synovial 

hyperplasia and infiltration of inflammatory cells, 

inhibited the production of IL- 1, IL-6, and TNF-α 

and restored the suppression of T- lymphocyte 

proliferation and production of IL-2 at the same 

time 
(32, 7)

. 

IFN-β, IL-10 and IL-4, anti-inflammatory 

cytokines, has been shown to reduce cartilage 

destruction and inhibit angiogenesis 
(33)

. The 

current study revealed decreased serum IL-4 and 

IL-10 in the rheumatoid arthritis control groups. In 

line with earlier studies, IL-4 and other 

suppressive cytokines that can be produced by 

Th2 cells (e.g. IL-10 and IL-13) suppress activity 

of several cell types that contribute to 

inflammation in the RA joints 
(34, 35)

. Treatment of 

the rheumatoid arthritis control male rats with 

hesperidin potentially increased the decreased 

serum IL-4 and IL-10. These results may be due to 

immunomodulatory effect of hesperidin as it 

affects the production of cytokines and enzymes 

that are involved in inflammation
(36)

.  

Different inflammatory cell types as macrophages 

and neutrophils promote the formation of reactive 

oxygen species (ROS) which are involved in the 

progression of RA. There are higher levels of 

oxidative markers both in serum of RA patients 
(37)

 and also in liver of rats with experimental 

arthritis
(38)

. Lipid peroxidation, protein oxidation, 

DNA damage and failure of antioxidant defense 

system lead to tissue damage and chronicity of the 

disease 
(39)

.  

Our body fights against ROS by a non-enzymatic 

antioxidant defense system which includes 

vitamin A and C, reduced glutathione (GSH), 

while enzymatic antioxidant includes superoxide 

dismutase (SOD), catalase, glutathione reductase 

(GR) and glautathione-S-transferase (GST).  The 

most important antioxidant defense system in the 

body is GSH 
(39)

. The current study revealed 

decreased liver homogenate GSH in the 

rheumatoid arthritis control groups. This result is 

in agreement with some other studies that noticed 

Low concentration of GSH found in the serum of 

RA patients 
(39,40)

 and in the liver of arthritic rats 
(41)

. Treatment of the rheumatoid arthritis control 

male rats with hesperidin potentially increased the 

decreased liver homogenate GSH. These results 

may be due antioxidant effect of hesperidin.  

In RA patients, Lipid peroxidation is considered a 

decisive mechanism of the chronicity of the 

disease. Several previous studies support the 

notion that lipid peroxidation-mediated inflamm-

ation promotes cell apoptosis through activation of 

NF- B pathway in rheumatoid arthritis synovial 

cells 
(42)

. In the present study, lipid peroxidation 

was measured in terms of MDA present in liver 

homogenate. The current study revealed increased 

levels of liver homogenate MDA in the 

rheumatoid arthritis control male rats. These 

results run parallel to several reports showing 

significantly higher serum MDA level in 

seropositive RA patients 
(43, 44)

 and in the liver and 

brain of rats with adjuvant arthritis 
(37)

.  

Treatment with hesperidin produced a significant 

decrease in lipid peroxidation biomarker
(45)

. 

Hesperidin has been reported to have a strong 

radical scavenging activity and affect the 

ERK/Nrf2 signaling pathway as well
(46)

. 

Hesperidin brought the liver and colon lipid 

peroxidation profiles back to normal levels. 

Hesperidin intake for rats having breast cancer 

reduced lipid peroxidation and reversing the 

marker enzymes to normal levels and reversed a 

doxorubicin-induced increase in MDA and a 

decrease in the GSH levels
(36)

. 

The antioxidant enzymatic systems such as 

superoxide dismutases and catalase are involved 

in the protection of cells in case of extensive 

damage caused by excessive amounts of such 

highly reactive mediators. RA patients showed 

elevated serum MDA together with decreased 

activities of antioxidants including (CAT), 

superoxide dismutase (SOD), and glutathione 

peroxidase when compared to healthy individuals 
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(47)
. The current study revealed decreased liver 

homogenate SOD in the rheumatoid arthritis 

control groups. This decreased SOD activity is in 

agreement with other studies as well 
(48, 49)

. One of 

the possible mechanisms of decreased SOD 

activity in RA might be due to the ROS mediated 

degradation of SOD during the detoxifying 

process 
(39)

. Treatment of the rheumatoid arthritis 

control male rats with hesperidin potentially 

increased the decreased liver homogenate SOD. 

These results may be due antioxidant effect of 

hesperidin which results in normalization of the 

redox profile and reduce ROS 
(36)

. 

The peroxynitrite radical ONOO- generated by the 

reaction between O2 •- and (NO), can cause 

oxidative damage. Overproduction of NO 

contributes to T lymphocyte dysfunction and 

development of RA, and extra-articular 

manifestations in rheumatoid arthritis patients 
(50)

. 

In synovitis, NO induces cytokine production, 

mitochondrial functions and chondrocyte 

apoptosis. In RA, there is increased intra-articular 

granulocytes inducible nitric oxide synthase 

(iNOS) which contributes to the intra-articular 

production of NO 
(51, 52)

.  

In the present study, there was an increased level 

of liver homogenate NO in the rheumatoid 

arthritis rats. As reported in a previous study, the 

increased serum NO level of RA patients might be 

due to the hyperactivity of the NO forming 

enzyme, nitric oxide synthase 
(53)

. Treatment of 

the rheumatoid arthritis control male rats with 

hesperidin potentially decreased liver homogenate 

NO level. This is in agreement with a previous 

work 
(45)

. The possible mechanism is modulating 

the prostaglandin synthesis and COX-2 gene 

expression pathways and suppression of NF-κB 
(54)

.  

The synovium encapsulating RA joints shows 

remarkable changes with a marked increase in 

cellularity. RA shows hyper cellularity in joint cell 

lining and synovium lining expands from 1–2 

cells deep to a depth of up to 10–20 cells. This is 

accompanied by synovial angiogenesis to support 

the proliferating synovium that may result in the 

perpetuation of inflammatory leukocyte migration. 

Histopathological changes in RA synovium occur 

even before patients develop pain in the affected 

joint 
(55)

.  

The images of hematoxylin and eosin staining 

sections of right ankle joints of each group were 

studied. No inflammation or tissue destruction 

was seen in sections from normal rats. In contrast, 

there was clear flooding of inflammatory cell 

infiltrate and severe loss of architecture in the 

joints of the rheumatoid arthritis male rats. In 

contrast, hesperidin treatment lowered the 

histopathological scores compared with the 

rheumatoid arthritis male rats and showed nearly 

normal joint architecture. This result was in 

agreement with a previous study that noticed that 

the arthritic group showed higher number of 

infiltrating cells, extensive bone degradation and 

synovial hyperplasia, which are hallmarks of RA 
(56)

. Treatment of adjuvant arthritis in rats with 

hesperidin was able to restore the histological 

changes to almost normal and attenuated vascular 

proliferation 
(23, 45)

. 
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