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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic systemic au-
toimmune disorder that is characterized by inflam-

mation of the synovial joints (Majeed and Borole, 2015; 
Ahmed et al., 2017) and concomitant degeneration of ar-
ticular cartilage and bone (Rathore et al., 2015; Ahmed 
et al., 2017). The worldwide prevalence of RA is 0.5–1% 
of the population (Mohamed et al., 2014; Ahmed et al., 
2017). RA affects female more than male at a ratio of 3:1 
and it increases with the age (Scott and Wolfe, 2010). 
The cause of RA is multifactorial and it is thought that 
genetic, immunological and environmental factors all of 

which contribute to the disease (Shaw et al., 2014). Thus, 
the disease develops as a result of the effect of instigating 
environmental insults on a susceptible phenotype, there-
by leads to immunological dysfunction characterized by 
activation of Th1 and Th17 and long-term inflammation 
(Firestein, 2003; Ahmed et al., 2017).

Animal arthritic models that reproduce the pathology of 
RA inhuman beings are of great interest as vehicles for the 
testing of potential therapeutics that may produce simi-
lar effects on human RA. These experimental models are 
essential to evaluate the effectiveness and safety of huge 
number of new potential RA therapeutic agents (Tag et al., 
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2014). Populations with RA-like disorder are created by 
complete Freund’s adjuvant (CFA) and collagen-induced 
arthritis (CIA) which behaves similar to human RA, cre-
ating synovitis and articular cartilage and bone erosions 
(Hegen et al., 2008). The similarities in joint pathology 
between adjuvant induced arthritis (AIA) and human RA 
could allow screening of new drugs for treatment of RA 
disease (Lorenzo et al., 2008).

Conventional medicine of RA includes treatment with ster-
oids, non-steroidal anti-inflammatory drugs (NSAIDs), 
many biological agents such as interleukin-1beta (IL-1β) 
and tumor necrosis factor alpha (TNF-α) antagonists 
(Fleischmann et al., 2004), and disease-modifying an-
ti-rheumatic drugs (DMARDs) (Choy et al., 1998). These 
treatment agents are associated with adverse side effects 
(Scheiman, 2001) and have shown only limited success in 
all forms of arthritis (Chandrashekara et al., 2002; Tag et 
al., 2014). Thus, alternative therapies of RA such as treat-
ment with herbal products and plant extracts are receiv-
ing increasing public and research interests (Soeken et 
al., 2003). Fruits and vegetables have been recognized as 
natural sources of various bioactive constituents and drugs 
(Pennington and Fisher, 2010; Dembitsky et al., 2011). The 
main phytochemical constituents present in fruits and veg-
etables are flavonoids, phenolic compounds, anthocyanins, 
carotenoids, vitamins C and E and dietary fiber (Gonza-
lez-Aguilar et al., 2008).

Citrus limon (C. limon),  lemon, is a rich source of biofla-
vonoids (mostly from pith and peel)and vitamin C and 
potassium (Bhavana et al., 2016). Other constituents of 
lemon include volatile oil (2.5% of the peel), limonene, 
alpha-pinene, alpha-terpinene, citral, coumarins, muci-
lage and pectins (Fisher and Phillips, 2006; Miyake et al., 
2007). The pectin fiber as well as lemon oil have antioxi-
dant potentials (Polunin, 1997; Tag et al., 2014).

Citrus paradisi (C. paradisi) fruit, grapefruit, are storehouse 
of vitamins such as thiamine, riboflavin, vitamin C, E, ni-
acin and pantothenic acid ( Jaffe, 2013). It has a high con-
tent of dietary fiber too and it is an excellent source of folic 
acid and minerals. Researchers have shown that grapefruit 
has positive effect in reducing the inflammation and pain 
in joints of arthritis patients mainly in osteoarthritis due to 
presence of its various nutritional components (Ganzera et 
al., 2006; Agarwal, 2013). 

Therefore, this study was conducted to assess the effect 
of  C. limon and C. paradisi fruit peel hydroethanolic ex-
tracts on the inflammatory status as well as the histological 
architecture of ankle joint, spleen and thymus of CFA-in-
duced arthritic Wistar rats.

MATERIAL AND METHODS

Experimental Animals and Housing
Adult male Wistar rats weighing 130-150 g were obtained 
from Helwan Station of Experimental Animals, Egyp-
tian Organization for Biological Products and Vaccines 
(VACSERA), Helwan, Cairo, Egypt. They were overseen 
for two weeks before the initiation of the experiment as 
an acclimatization period and to exclude any intercurrent 
infection. The animals were housed in polypropylene cages 
with stainless-steel metal good aerated covers in the An-
imal House of Zoology Department, Faculty of Science, 
Beni-Suef University, Egypt at normal temperature (20-
25°C) and normal day/night cycle (10-12h/day) and were 
given free access of balanced standard diet and water. All 
animal procedures followed the standard guidelines of 
care and use of animals of the Experimental Animal Eth-
ics Committee of Faculty of Science, Beni-Suef Univer-
sity, Beni-Suef, Egypt (Ethical Approval number: BSU/
FS/2017/20). All efforts were made to minimize the ani-
mal pain, distress and discomfort.

Induction of Arthritis
CFA, which is a suspension of heat-killed Mycobacterium 
tuberculosis in mineral oil (each 1 ml CFA contains 1 mg 
Mycobacterium tuberculosis), was obtained from Sigma 
Chemical Company (St. Louis, MO 63178 USA) and was 
used to induce RA in male Wistar rats. The arthritis was 
induced by a double subcutaneous injection of 0.2 ml CFA, 
into the footpad of the right hind leg of rats in two consec-
utive days (0.1 ml/day) according to the previous publica-
tion (Ahmed et al., 2017).

Extraction of Lemon and Grapefruit Peels
C.limon and C. paradisi fruits were obtained from Be-
ni-Suef Governorate local market. They were authenticated 
by Dr. Walaa A. Hassan, Lecturer of Flora, and the Collec-
tions Manager of Herbarium of Botany Department, Bot-
any Department, Faculty of Science, Beni-Suef University, 
Beni-Suef, Egypt. The fruits were washed with tap water 
and peeled. The excised peels were washed using current 
tap water and finally with distilled water. Then, they were 
air-dried in shade. The dried peels were powdered with an 
electric grinder and extracted by cold maceration in 70% 
aqueous ethyl alcohol at room temperature. After filtration, 
the filtrates were concentrated by using rotary evaporator 
under a vacuum system with reduced pressure within the 
evaporator system. The dry filtrate obtained was stored at 
-20oC until used for the experimental evaluations.

Dose Preparation of Lemon and Grapefruit 
Peel’s Ethanolic Extract
A 100 mg of either C. limon fruit peel hydroethanolic ex-
tractor C. paradisi fruit peel hydroethanolic extract was 
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dissolved in 5 ml of 1% carboxy methylcellulose (CMC) 
solution which was used as a vehicle and was orally giv-
en by oral gavage to kg body weight (b.w.) of rats daily 
for 18 days. The dose of C. limon peel hydroethanolic ex-
tract (100mg/kg b.w.) was chosen according to (Tag et al., 
2014) while that of  C. paradisi peel hydroethanolic ex-
tract (100mg/kg b.w.) was chosen according to Mossa et 
al. (Gupta et al., 2011; Mossa et al., 2015).

Animal Grouping
The rats used in this experiment were allocated into 4 
groups, each being 12 rats. Six rats of each group were sac-
rificed after 9 days and the other six after 18 days. These 
groups are designated as follow:
Group 1 (Normal group): The rats included in this group 
received an equivalent volume of 1% CMC daily by oral 
gavage for 18 days beginning from the starting period of 
the experiment. 
Group 2 (Arthritic control group):The rats included in this 
group received a double subcutaneous injection of 0.1 ml 
CFA/day, into a footpad of the right hind leg in two con-
secutive days and were administered equivalent volume of 
1% CMC daily by oral gavage for 18 days beginning from 
the starting period of the experiment.
Group 3 (Arthritic group treated with C. limon fruit peel 
extract): The rats of this group received a double subcu-
taneous injection of 0.1 ml CFA, into a footpad of the 
right hind leg in two consecutive days as group 2 and were 
supplemented with 100 mg/kg b.w./day C. limon fruit 
peel hydroethanolic extract dissolved in 5ml 1% CMC by 
oral gavage throughout the entire experimental period (18 
days).
Group 4 (Arthritic group treated with C. paradisi fruit 
peel extract): The rats of this group received a double sub-
cutaneous injection of 0.1 ml CFA, into a footpad of the 
right hind leg in two consecutive days as group 2 and were 
supplemented with 100 mg/kg b.w./day C. paradisi fruit 
peel hydroethanolic extract dissolved in 5 ml 1% CMC by 
oral gavage throughout the entire experimental period (18 
days).

Detection of Right Paw Circumference as 
Indicator of Paw Edema
After 9 and 18 days, the right hind paw circumference just 
above tarsal pad was measured as an indicator of swell-
ing rate and paw edema in different groups by wrapping 
a piece of white cotton thread around the paw just above 
tarsal pad, and measuring the circumference on a meter 
ruler (Olajide et al., 2009; Ahmed et al., 2015; Ahmed et 
al., 2017). 

Detection of Right Hind Paw Volume
After 9 and 18 days, the volume of paw of right hind leg 
was measured by putting right hind paw in a graduated fal-

con tube filled with saline (0.9% NaCl) at known volume 
and the overflow of saline which express the paw swelling 
was measured. 

Measurement of Right Hind Paw Thickness of 
Inflamed Articulation
After 9 and 18 days, the right hind paw thickness was reg-
ularly measured for each with a micrometer screw gauge at 
9 and 18 days of CFA injection at the mid-sagittal plane 
(Li et al., 2010).

Detection on Messenger Rna (Mrna) Expression 
of Various Cytokines
Ribonucleic acid (RNA) isolation: Total RNA was ex-
tracted from articular joints by using Thermo Scientific 
GeneJET RNA extraction kit obtained from Thermos 
Fisher Scientific Inc., Rochester, New York, USA (Chom-
czynski and Sacchi, 1987). Ankle with articular tissues 
were homogenized and lysed in lysis buffer solution that 
contains guanidine thiocyanate, a chaotropic salt that pro-
tects RNA from endogenous RNases. The resulting lysate 
was then mixed with ethyl alcohol and was loaded on a 
purification column. The chaotropic salt and ethyl alcohol 
cause RNA to bind to the silica membrane as the lysate 
is spun through the column. Impurities were subsequently 
removed from the membrane by washing the column with 
washing buffer solution. Pure RNA was then eluted under 
low ionic strength conditions with nuclease-free water.

The amount of purified RNA was quantified by using UV 
Spectrophotometer according to the following formula: 
RNA μg/μl= O.D.260nm X (40μg RNA /ml) × dilution fac-
tor/1000. The purity of RNA was checked and should be 
ranged between 1.8 and 2.0 to ensure the high purity of 
the isolated RNA. Then, 0.5 μg of purified RNA was used 
for production of complementary deoxyribonucleic acid 
(cDNA). 

Reverse transcription-polymerase chain reaction (RT-
PCR) analysis: cDNA was produced from the extract-
ed RNA and was amplified by Thermo Scientific Verso 
1-Step RT-PCR ReddyMix kit obtained from Thermo 
Scientific Inc, Rochester, New York, USA to detect the 
mRNA expression of cyclooxygenase-1 (COX-1), IL-1β, 
interleukin-6 (IL-6) and interleukin-4 (IL-4) in articular 
joints using specific primers (Table 1).

The final reaction volume was 50 μl. The reaction mixture 
consists of Verso Enzyme Mix (1 μl), 2X 1-Step PCR 
Reddy Mix (25 μl), RT Enhancer (2.5 μl), sense primer 
(10 μM) (1 μl), anti-sense primer (10 μM) (1 μl), template 
RNA (2 μl) and nuclease-free water (17.5 μl).

The reaction PCR tubes were placed in a double heated 



NE  US
Academic                                      Publishers

Advances in Animal and Veterinary Sciences

October 2018 | Volume 6 | Issue 10 | Page 446

led thermal cycler, and the reaction series included verso 
inactivation at 95oC for 2 min followed by 35 cycles ini-
tial denaturation for 20 sec at 95oC, at 50-60oC for 30 sec 
and at 72oC for 1 min followed by 1 cycle at 72oC for 5 
min. PCR products were separated on agarose gel (1.5%) 
by electrophoresis. cDNA bands were observed using UV 
transilluminator in dark chamber. Gel images were analyz-
ed by scanning densitometry (Gel Doc. advanced ver 3.0), 
and the relative expressions of COX-1, IL-1β, IL-6 and 
IL-4 normalized to β-actin were calculated. 

Table 1: The sequences of forward and reverse primers of 
β-actin and various cytokines

Gene Primer Sequence
β - a c t i n 
(housekeeping 
gene)

F: 5`TCACCCTGAAGTACCCCATG-
GAG3`
R: 5`TTGGCCTTGGGGTTCAGGG-
GG3`

COX-1 F: 5`CCTTCTCCAACGTGAGCTACTA 
3ʹ
R: 5`TCCTTCTCTCCTGTGAACTCCT 
3` 

IL-1β F: 5`GGCAGTGTCACTCATTGTGG3´
R 5`AGGTGCTTGGGTCCTCAT 3´

IL-6 F: 5`GCCTTCTTGGGACTGATG3´
R: 5` TGGTCTGTTGTGGGTGGT3`

IL-4 F: 5`GGAACACCACGGAGAACG3´
R: 5`GCACGGAGGTACATCACG3´

Histopathological Investigations
After sacrifice and dissection, ankle joint (decalcified in 
10% ethylene diamine tetra-acetic acid [EDTA] for a pe-
riod of 2–3 weeks) and pieces from spleen and thymus of 
rats in different groups were fixed in 10% neutral buffered 
(pH 7) formol saline for 48 hrs. Washing was done in tap 
water. Then, serial dilutions of alcohol (methanol, ethanol 
and absolute ethanol) were used for dehydration. For wax 
blocking, specimens were cleared in xylene and embedded 
in paraffin in hot air oven for 24 hrs. Paraffin wax tissue 
blocks were prepared for sectioning at 4 μm thicknesses by 
using rotary microtome. The obtained tissue sections were 
mounted on glass slides, deparaffinized and stained with 
hematoxylin and eosin (H&E) (Banchroft et al., 1996). 
The stained sections were examined for detection of lesions 
using light microscope with the help of histopathologist 
and histologist. 

Statistical Analysis
Statistical analysis of the data was performed using SPSS 
program v.20 software (SPSS Inc., Chicago, USA). Results 
were expressed as mean ± standard error (SE) and all sta-
tistical comparisons were made by Tukey᾽s test post hoc 
analysis. Values of P<0.05 was considered significant while 
those of P>0.05 were considered non-significant (Nie et 

al., 1970).

RESULTS

The changes in the right hind paw circumference, volume 
and thickness as markers of paw swelling and edema were 
respectively illustrated in figures 1, 2 and 3.  The data of 
CFA-induced arthritic rats depicted a significant increase 
(p<0.05) in the right hind paw circumference, volume and 
thickness after 9 and 18 days of CFA injection in compar-
ison with the normal control group (Figures 1, 2 and 3). 
The treatment of arthritic rats with C. limon and C. para-
disi fruit peel hydroethanolic extracts produced a signifi-
cant amelioration (p<0.05) of the increased right hind paw 
circumference and thickness after 9 and 18 days (Figures 1 
and 3). While the treatments of arthritic rats with C. limon 
and C. paradisi fruit peel hydroethanolic extracts induced 
a non-significant effect (p>0.05) on the volume of right 
hind paw at 9th day, they produced a significant decrease 
(p<0.05) at the 18th day (Figure 2).

Figure 1: Effect of C. limon and C. paradisi fruit peel 
hydroethanolic extracts on right hind paw circumference 
at tarsal pad in arthritic rats. Means, which share the same 
superscript symbol(s), are not significantly different.

Figure 2: Effect of C. limon and C. paradisi fruit peel 
hydroethanolic extracts on volume of right hind paw (cm3) 
in arthritic rats. Means, which share the same superscript 
symbol(s), are not significantly different.
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Figure 3: Effect of C. limon and C. paradisi fruit peel 
hydroethanolic extracts on right hind paw thickness in 
arthritic rats. Means, which share the same superscript 
symbol(s), are not significantly different.

Figure 4: Effect of C. limon and C. paradisi fruit peel 
hydroethanolic extracts on right hind leg ankle joint COX-
1 expression relative to β-actin in CFA-induced arthritic 
rats. Means, which share the same superscript symbol(s), 
are not significantly different.
Top: Gel photograph depicting COX-1 and β-actin PCR 
products    
Bottom: Corresponding intensity analysis of right ankle 
joint COX-1 PCR   products from 3 different experiments, 
represented as the COX-1 mRNA percentage of β-actin 
mRNA.

The effects on the mRNA expression of inflammatory me-

diators COX-1, IL-1β and IL-6 and mRNA expression 
of anti-inflammatory cytokine IL-4 in ankle articular tis-
sues of right hind leg were represented in figures 4, 5, 6 
and 7. The mRNA expression of COX-1 showed a signif-
icant increase in CFA-induced arthritic rats after 9 days 
while it exhibited a non-significant change after 18 days 
in comparison with normal control rats (Figure 4). On the 
other hand, the IL-1β and IL-6 mRNA expressions were 
significantly increased in CFA-induced arthritic rats after 
9 and 18 days while IL-4 mRNA expression was signif-
icantly decreased (Figure 4-7). The administration of C. 
limon and C. paradisi fruit peel hydroethanolic extracts to 
arthritic rats significantly improved the altered COX-2, 
IL-1β, IL-6 and IL-4mRNA expressions.

Figure 5: Effect of C. limon and C. paradisi fruit peel 
hydroethanolic extracts on right hind leg ankle joint IL-
1β expression relative to β-actin in CFA-induced arthritic 
rats. Means, which share the same superscript symbol(s), 
are not significantly different.
Top: Gel photograph depicting IL-1β and β-actin PCR 
products    
Bottom: Corresponding intensity analysis of right ankle 
joint IL-1β PCR   products from 3 different experiments, 
represented as the IL-1β mRNA percentage of β-actin 
mRNA.

The histological changes of the articular ankle joint in var-
ious groups were depicted in figure 8. In normal rats, the 
bone surfaces in the synovium are covered by an articular 
cartilage that lacks a perichondrium. The heads of the two 
articulated bones are enclosed and united by an articular 
capsule that consists of two parts, the outer and inner parts. 
The outer part is a sheath of fibrous tissue (fibrous capsule) 
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Figure 6: Effect of C. limon and C. paradisi fruit peel 
hydroethanolic extracts on right hind leg ankle joint IL-6 
expression relative to β-actin in CFA-induced arthritic 
rats. Means, which share the same superscript symbol(s), 
are not significantly different.
Top: Gel photograph depicting IL-6 and β-actin PCR 
products    
Bottom: Corresponding intensity analysis of right ankle 
joint IL-6 PCR   products from 3 different experiments, 
represented as the IL-6 mRNA percentage of β-actin 
mRNA.

which extends well beyond the articular cartilage of each 
bone. The inner part is nameda synovial membrane; it lines 
the fibrous capsule and is reflected onto the bone that 
covers right up to the articular cartilage. Thus, the joint 
cavity between two articulated bones is lined everywhere 
with either synovial membrane or articular cartilage. The 
synovial membrane is a thin sheath of fibrous connective 
tissue, with dense network of blood and lymph capillaries. 
Ankle joint sections (Figures 8-8 and 8-9) of rat from nor-
mal group after 9 and 18 days showed normal histological 
structure of an ankle with normal articulating cartilage, 
synovial cavity, sponge bone and bone marrow.

The characteristics of CFA-induced arthritic joints in rats 
are synovial hyperplasia, excessive proliferation of the syn-
ovium leading to the formation of pannus, the exudation of 
cells into the joint cavity and destructive changes and ero-
sion of bone and cartilage. CFA-administered arthritis rats 
after 9 days showed necrosis of cartilage with inflammato-
ry cells infiltration and fibroblasts proliferation in an ankle 
joint sections (Figure 8-10a) and degeneration of cartilage, 

Figure 7: Effect of C. limon and C. paradisi fruit peel 
hydroethanolic extracts on right hind leg ankle joint IL-4 
expression relative to β-actin in CFA-induced arthritic 
rats. Means, which share the same superscript symbol(s), 
are not significantly different.
Top: Gel photograph depicting IL-4 and β-actin PCR 
products    
Bottom: Corresponding intensity analysis of right ankle 
joint IL-4 PCR   products from 3 different experiments, 
represented as the IL-4 mRNA percentage of β-actin 
mRNA.

inflammatory cells infiltration and pannus formation (Fig-
ure 8-10b) while arthritic rats after 18 days revealed necro-
sis of cartilage and inflammatory cells infiltration (Figure 
8-11a), marked oedema (Figure 8-11b), massive inflam-
matory cells infiltration and pannus formation (Figure 
8-11c) and proliferation of synovial membrane, necrosis of 
cartilage and fibroblasts proliferation(Figure 8-11d).

CFA-administered rats treated with C. limon hydroetha-
nolic extract showed no histopathological changes in right 
hind ankle joint sections after 9 days (Figure 8-12) and 
18 days (Figure 8-13). On the other hand, the treatment 
of CFA-induced arthritis with C. paradisi hydroethanolic 
extract showed inflammatory cells infiltration and pannus 
formation (Figure 8-14a), proliferation of synovial mem-
brane and necrosis of cartilage (Figure 8-14b) in ankle 
joint sections after 9 days. As the period of treatment with 
C. paradisi hydroethanolic extract extended to 18 days, 
right hind ankle joint section revealed inflammatory cells 
infiltration (Figure8-15).
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Figure 8: Photomicrograph of a section in ankle joint of rat; 8: normal group after 9 days, 9: normal group after 18 
days, 10: arthritic control group after 9 days, 11a-c: arthritic control group after 18 days, 12: arthritic group treated with 
C. limon fruit peel after 9 days, 13: arthritic group treated with C. limon fruit peel after 18 days, 14 a-b: arthritic group 
treated with C. paradisi fruit peel after 9 days, 15: arthritic group treated with C. paradisi fruit peel after 18 days ( H & 
E X 100).

The spleen section of normal group exhibited normal his-
tological structure of the lymphoid cells in white pulps 
as well as the histological structure of the red pulps af-
ter 9 days (Figure 9-16) and after 18 days (Figure 9-17). 
CFA-induced arthritic rats after 9 days showed slight 
lymphocytic necrosis and massive hemorrhage in spleen 
sections (Figure 9-18a and 9-18b) and mitotic figure ap-
pearance (Figure 9-18c). Meanwhile, spleen sections of 
arthritic control group after 18 days showed mitotic figure 
appearance (Figure 9-19a), thrombus formation (Figure 
9-19b) and hemorrhage (Figure 9-19c). CFA-induced 
arthritic rats supplemented with C. limon hydroethanolic 
extract showed no histopathological alteration in spleen 
sections after 9 days (Figure 9-20) and 18 days (Figure 
9-21). The same for CFA-induced arthritic rats treated 
with C. paradisi hydroethanolic extract which revealed no 
histopathological alteration in spleen sections after 9 days 
(Figure 9-22) and 18 days (Figure 9-23).

The thymus of normal rats after 9 and 18 days depicted 
normal histological structure of lymphoid cells in both pe-
ripheral cortex and central medulla with no histopatho-
logical changes (Figures 9-24a& b and Figures 9-25a& 
b).Thymus sections from arthritic control rats after 9 days 
showed lymphoblasts’ activation and mitotic figure (Fig-
ure 9-26). After 18 days, thymus of arthritic rats revealed 
lymphoblasts activation and mitotic figure (Figure 9-27a), 
lymphoblasts activation and congested blood capillaries 
(Figure 9-27b).The arthritic group treated with C. limon 
fruit peel hydroethanolic extract for 9 and 18 days showed 
improved histological structure to near normal histological 
appearance indicating no histopathological changes in thy-
mus sections after 9 and 18 days (Figure 9-28 and 9-29).
Section in thymus of rats from arthritic group treated with 
C. paradisi fruit peel hydroethanolic extract after 9 and 18 
days revealed no histopathological changes as shown in 
figure 9-30 and 9-31 for 9 and 18 days respectively.
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Figure 9: Photomicrograph of; 16: section in spleen of rat from normal group after 9 days, 17: section in spleen of rat 
from normal group after 18 days, 18 a-c: sections in spleens of rats from arthritic control group after 9 days, 19 a-c: 
sections in spleens of rats from arthritic control group after 18 days, 20: spleen of rat from arthritic group treated with 
C. limon fruit after 9 days, 21: spleen of rat from arthritic group treated with C. limon peels after 18 days, 22: spleen of 
rat from arthritic group treated with C. paradisi peels after 9 days, 23: spleen of rat from arthritic group treated with 
C. paradisi peels after 18 days,24 a-b: sections in thymus of rats from normal group after 9 days of normal rats, 25 a-b 
sections in thymus of rats from normal group after 18 days of normal rats, 26: thymus of rats from arthritic control group 
after 9 days, 27 a-b: sections thymus of rats from arthritic control group after 18 days, 28: section in thymus of rat from 
arthritic group treated with C. limon peel extract after 9 days, 29: section in thymus of rat from arthritic group treated 
with C. limon peel extract after 18 days, 30: section in thymus of rat from arthritic group treated with C. paradisi fruit 
peels after 9 days and 31: section in thymus of rat from arthritic group treated with C. paradisi fruit peels after 18 days.

DISCUSSION

RA is considered as one of the most common chronic in-
flammatory autoimmune diseases. It is distinguished by-
systemic inflammation, permanent synovitis, edema and 
production of auto antibodies (Scott and Wolfe, 2010). RA 
is chronic progressive and it results in significant morbidity 
and premature mortality (Snekhalatha et al., 2013). Preva-
lence of RA varies between 0.3% and 1% worldwide and is 
more common in developed countries than in developing 

countries (Snekhalatha et al., 2013). In India, the predom-
inance of RA was recorded to be 0.75% in the adult popu-
lation (Mathew et al., 2009). Although RA is an advanced 
inflammatory joint disease, which affects about 1% of the 
population worldwide, its etiology remains to be clearly 
demonstrated (Mattey et al., 2007; Karmakar et al., 2010; 
Bax et al., 2011). AIA is one of the most characterized 
animal models of RA that provides substantial insights 
into basic pathogenic mechanisms and imposes potential 
novel drugs for the therapy of human RA. CFA is com-
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monly used to induce experimental model of arthritis and 
is considered to be the most effective available adjuvant. 
This model mimics much of the pathology of human RA 
including hyperplasia of the synovial tissues, inflammatory 
infiltration of the joints and synovitis as well as destruction 
of articular bone and cartilage (Chou et al., 2011). In the 
present study, it was found that rats injected with CFA for 
9 and 18 days induced significant increase in paw swelling 
and edema manifested by increased right hindpaw circum-
ference, volume and thickness. These increases in arthritic 
indexes reflect the swelling rate due to inflammation and 
edema, thickening of synovial membrane, redness of paw 
and ankle regions and congestion in blood vessels which 
are evidenced by histopathological findings.

In the present study, the treatments of CFA-induced ar-
thritic rats with C. limon and C. paradisi fruit peel hydroeth-
anolic extracts at the dose level 100 mg/kg b.w. induced a 
significant decrease in markers of paw swelling and edema 
including circumference, volume and thickness of right 
hind paw. The result of the present study isin conduction 
with the previous publications which indicated that there 
is a close relationship between the extent of inflammation 
and arthritic index (Rovenský et al., 2009). In support of 
this elucidation, Rasool and his colleagues reported that 
increased paw swelling in the arthritic mice was explained 
to be a result of edema of periarticular tissues (Rasool et 
al., 2006).The decrease in paw circumference, volume and 
thickness as a result of C. limon and C. paradisi fruit peel 
hydroethanolic extracts treatment was associated with ap-
pearance of mild inflammatory cells infiltration after 9 
days and 18 days in the current histological findings. As 
depicted in the present histological observations, the ankle 
joint of CFA-induced arthritic rats exhibited congestion 
and dilation of synovial blood vessels, necrosis of articular 
cartilage and inflammatory cells infiltration after 9 and 18 
days. These histological deteriorations may be attributed to 
the fact that the articular and peri-articular inflammatory 
cells may act as mother cells for osteoclasts/chondroclasts, 
in cartilage and bone; osteoclasts/chondroclasts may play a 
substantial role in the erosion and destruction of cartilage 
and bone in arthritis (Ahmed et al., 2015).

It is worth mentioning that peripheral blood might not be 
the best indicator of disease progression in RA and does 
not necessarily correlate well with the clinical response. 
Therefore, this study investigated the effects on mRNA 
gene expression for the biomarkers COX-1, IL-1β, IL-6 
as pro-inflammatory and inflammatory cytokines and 
IL-4 as anti-inflammatory cytokine at the site of disease, 
the ankle joint. In conduction with the data of the present 
study, the pro-inflammatory and inflammatory cytokines, 
which are exacerbated in human RA synovium, have also 
been shown to contribute to the development and patho-
physiology of arthritis in the experimental animal models 

of RA (Marinova‐Mutafchieva et al., 1997; Schrier et al., 
1998; Rioja et al., 2004).

Cytokines are substantially involved in the pathogenesis of a 
broad diversity of inflammatory disorders and autoimmune 
diseases. Cyclooxygenase (COX) is a key rate-limiting en-
zyme for prostaglandins (PG) output (Chen et al., 2014). 
This enzyme catalyzes the reaction in which arachidonic 
acid is converted into prostaglandin H2 (PGH2); the lat-
ter is further bio-transformed into different types of pros-
taglandin S (PGS) (Yar et al., 2011). These PGS are impli-
cated in many human physiology and pathophysiological 
processes. Prostaglandin E2 (PGE2) is a vital inflammato-
ry-disease mediator, which is significant in inflammatory 
processes, including fervescence and changes of vascular 
endothelial permeability with consequent edematous syn-
dromes (Kundu et al., 2006; Shindler et al., 2010; Yar et 
al., 2011). Traditional NSAIDs display anti-inflammatory 
effects and make side effects that are correlated with COX. 
Two COX isoforms have been distinguished into COX-1 
and COX-2 which triggers PGE2 production and predis-
poses inflammatory disorders (Shindler et al., 2010).

 Output of cytokines and chemokines in RA is induced by 
macrophage-, fibroblast-derived and lymphocyte-derived 
cytokines (Furst and Emery, 2014). Of these, proinflam-
matory cytokines, IL-1β and TNF-α are often targeted in 
RA treatment designs (Bresnihan et al., 1998; Zhuang et 
al., 2013). Regarding proinflammatory cytokines, CFA-in-
duced arthritic rats treated with C. limon and C. paradisi 
fruit peel hydroethanolic extracts displayed significant de-
crease in TNF-α, IL-1β, and IL-6 when compared to the 
CFA-control group. RA is initiated by a T cell-mediat-
ed immune response that catalyzes the liberation of cy-
tokines and promotes formation of antibody, which leads 
to damage of the joint (Porth, 2011). Particularly, TNF-α 
promotes the production of IL-1β and IL-6 (Brennan 
and McInnes, 2008), with the former being a substantial 
mediator of the inflammatory response, leading to various 
auto-inflammatory syndromes (Masters et al., 2009; Kim 
et al., 2016), and the latter being secreted by macrophages 
and T cells to initiate and stimulate the immune response 
(van der Poll et al., 1997; Febbraio and Pedersen, 2005). So, 
proinflammatory cytokines particularly IL-1β, IL-6, and 
TNF-α play an important role in arthritis starter(Choy 
and Panayi, 2001), while inhibitors of these cytokines are 
influenced in controlling chronic inflammation (Tracey, 
2002; Pavlov and Tracey, 2006).

However, as a typical anti-inflammatory cytokine, IL-4 
was extremely down-regulated in its mRNA expression in 
the arthritic animals. This is in line with previous literatures 
which demonstrated that IL-4 mRNA was not detected in 
spleen using competitive RT-PCR throughout the course 
of AIA (Pohlers et al., 2005). This finding suggests that the 
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injection of CFA to the albino rats enhances the inflam-
matory mediators while suppresses the anti-inflammatory 
mediators, thus develops the inflammation process. IL-4 
can therefore act as an anti-inflammatory interleukin in 
autoimmune diseases as evidenced by its potent protective 
effect in murine models of (Morita et al., 1998; Woods 
et al., 2001). Thus, it could be considered as a target for 
the treatment of these diseases. IL-4 was chosen as a ther-
apeutic agent based on its established anti-inflammatory 
activities and its relative absence from the rheumatoid joint 
(Boyle et al., 1999). Addition of exogenous IL-4 to cul-
tures of RA synovial tissue cells or synovial tissue explants 
suppresses synthesis of pro-inflammatory cytokines such 
as IL-1, IL-6, TNF-α and granulocyte-macrophage colo-
ny-stimulating factor (GM-CSF) as well as metal lopro-
teinases (Lacraz et al., 1995; Nemoto et al., 1997).

Histopathologically, the ankle joint of CFA-administered 
arthritic rats exhibited deleterious histological changes in-
cluding synovial hyperplasia, eroded articulating cartilage 
and pannus formation (Tag et al., 2014). These histopatho-
logical perturbations may be attributed to the increase in 
the oxidative stress, suppression of antioxidant defense sys-
tem, elevation in the pro-inflammatory and inflammatory 
cytokines represented by increased IL-1β, IL-6 and COX-
1 mRNA expression and depletion of the anti-inflamma-
tory cytokines represented by decreased IL-4 mRNA ex-
pression after 9 and 18 days. The improvement of ankle 
joint histological architecture as a result of treatment of 
arthritic rats with C. limon and C. paradisi fruit peel hy-
droethanolic extracts may be, in turn, due to the ability of 
these extracts to scavenge lipid peroxides and free radicals, 
enhance the antioxidant defense system and suppress in-
flammatory status.

The spleen, a major organ of the body’s immune system, 
filters out and destroys old erythrocytes, removes antigens 
by phagocytosis and plays a key role in prevention against 
infection (Handy et al., 2002). In the present study, the 
spleen sections of normal rats exhibited normal histologi-
cal structure of the lymphoid cells in white pulps as well as 
the histological structure of the red pulps. The Photomi-
crographs of the arthritic control group showed lymphoid 
hyperplasia in the white pulps. This finding is in line with 
the previous studies which demonstrated that during the 
course of arthritis in the rat, splenomegaly is a prominent 
feature due tolymphoid hyperplasia, splenitis and abscess 
formation (Issekutz and Sapru, 2008).

Thymus is also a major organ of the body’s immune system 
that consists of peripheral cortex (primarily composed of 
lymphocytes or thymocytes, with a few epithelial cells and 
mesenchymal cells) and central medulla which is composed 
of fewer lymphocytes but more epithelial cells. It normal-
ly processes immature precursor T-lymphocytes (derived 

from bone marrow and initially located in the outer cortex 
of the thymus) into the mature immunocompetent T-cells 
of the medulla (Vos and Van Loveren, 1998). In the cur-
rent study, the thymus sections of normal rats depicted a 
normal histological structure of the lymphoid cells in both 
cortex and medulla. Thymus sections from arthritic con-
trol rats showed widening (hyperplasia) of the medulla 
with minimal necrobiotic changes and congestion of the 
blood vessels and mononuclear cell infiltration in the area 
surrounding blood vessels. These results are in accordance 
with the previous studies reported that lymphoid hyper-
plasia (increased number of lymphoid follicles) of the thy-
mus is observed in a number of immunologically mediated 
disorders, including RA (Nishino et al., 2006).

The treatment with oral administration C. limon and C. 
paradisi fruit peel hydroethanolic extracts, at oraldose 100 
mg/kg b. wt, potentially ameliorated and reduced inflam-
mation and joint destruction with absence of most histo-
logical lesions depicted in CFA-induced arthritic rats as-
sociated with no histopathological changes of spleen and 
thymus sections. These improvements may be secondary to 
suppressions of oxidative stress and inflammation in ad-
dition to the enhancement of antioxidant defense system 
after 9 and 18 days. 

CONCLUSION

The present results demonstrated that C. limon and C. para-
disi fruit peel hydroethanolic extracts effectively suppressed 
the pathological development CFA-induced arthritis and 
possessed a potential anti-arthritic, anti-inflammatory 
efficacies in CFA-induced arthritic rats. Thus, the treat-
ment with C. limon and C. paradisi fruit peel hydroetha-
nolic extracts may have potential therapeutic effects in the 
remedy of RA. However, further studies are required to 
assess the efficacy of C. limon and C. paradisi fruit peel hy-
droethanolic extracts in arthritic human beings.
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