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ABSTRACT
The present investigation was performed to assess the effects of lemon and grapefruit peel hydroethanolic extracts 
on arthritic indices, T helper (Th)1/Th2/Th17 cytokines, oxidative stress, and antioxidant defense system in arthritic 
rats. The male Wistar rats, with rheumatoid arthritis induced by subcutaneous injection of 0.2 ml Freund’s complete 
adjuvant into a footpad of the right hind leg on two consecutive days, were orally treated with lemon and grapefruit 
peel hydroethanolic extract at a dose level of 100 mg/kg bw/day for 9 and 18 days. The treatments of arthritic rats 
with lemon and grapefruit peel hydroethanolic extracts significantly reduced the right hind paw circumference, 
volume, and thickness. The treatments also significantly decreased the elevated total leucocyte count and serum 
rheumatoid factor, PGE2, Th1 cytokine (TNF-α), and Th17 cytokine (IL-17) levels, while they increased the lowered 
serum Th2 anti-inflammatory cytokines (IL-10 and IL-13) levels in arthritic rats after 9 and 18 days. Furthermore, 
the treatments significantly decreased the elevated lipid peroxidation and nitric oxide hepatic contents, while they 
increased the lowered glutathione content and glutathione peroxidase, glutathione-S-transferase, and superoxide 
dismutase activities. In conclusion, lemon or grapefruit peel hydroethanolic extracts have anti-arthritic effects 
which may be mediated via modulation of Th1/Th2/Th17 cytokine production and enhancement of the antioxidant 
defense system.

INTRODUCTION
Rheumatoid arthritis (RA) is a long-term auto-immune 

disorder and inflammation that mainly affects the synovial 
membrane, cartilage, and bone (McInnes and Schett, 2007). 
Nearly 1% of the world’s population is affected with RA, which 
is considered as one of the main reasons of increased death rate 
(Firestein, 2003).

T helper 1 (Th1)/T helper 2 (Th2) paradigm plays a 
central role in the initiation and perpetuation of RA (Ahmed et al., 
2017; 2018; Cañete et al., 2000; Schulze-Koops and Kalden, 
2001). CD4+ T cells included two subsets according to their 

cytokine production profiles, Th1 and Th2 (Abbas et al., 1996). 
Thus, the Th1 and Th2 cytokine balance has been a subject of 
curiosity for many investigators as it is assumed that the degree of 
polarization and heterogeneity of T cell lymphocytes may play a 
vital role in the onset and development of synovial inflammation 
in RA (Ahmed et al., 2017; 2018).

Tumor necrosis factor-α (TNF-α) which is the most 
significant Th1 cytokine has been reported to be a target for 
the therapy of RA (McInnes and Schett, 2007). Interestingly, 
the positive results in collagen-induced arthritic rat models were 
obtained from investigating cytokines network interruption by 
anti-TNF-α antibodies (Williams et al., 1994). Other cytokines 
are being examined as targets in the dispensary with valuable 
results (Maini and Taylor, 2000; McInnes and Liew, 2005). 
Accordingly, these results provide a substantial effectiveness 
of the pre-clinical models that produced the roles for cytokines 
in the pathology of this illness and others (McInnes and 
Schett, 2011).
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Th2 subset is characterized by the secretion of 
interleukin-3 (IL-3), IL-4, IL-5, IL-9, and IL-13, which 
mediates humoral responses. Murine Th2 cells do also express 
IL-10, whereas IL-10 in human beings could not be assigned 
to either Th1 or Th2 subset (Schmidt-Weber et al., 1999; 
Sornasse et al., 1996). IL-10 is able to alleviate pathological 
auto-immune inflammation via inhibiting various facets of 
immune response (Schulze-Koops and Kalden, 2001). It 
suppresses the production of pro-inflammatory cytokines such 
as TNF-α, IL-1β, IL-6, IL-8, IL-12, and interferon-γ (IFN-γ) by 
the macrophage. In addition, IL-10 reduces the production of 
nitric oxide (NO) and prostaglandin E2 (PGE2) in macrophages 
(Schulze-Koops and Kalden, 2001). Thus, it is counted as a 
potent anti-inflammatory cytokine (Fiorentino et al., 1991; 
Kang et al., 2009; Lin et al., 2017).

IL-17 is the signature cytokine of the modern term of 
Th17 population and has been involved in the pathogenesis of 
many autoimmune diseases comprising RA (Lubberts et al., 
2003). IL-17 is the promoting member of a modern subclass of 
cytokines that have elevated pro-inflammatory characteristics 
(Schmidt-Weber et al., 2007). The investigations on rodents, 
mammalian cell cultures in addition to clinical settings assist a 
function of IL-17 in motivating RA (Gaffen, 2009; Schmidt-Weber 
et al., 2007). Cytokines of Th1 and Th17 are also responsible for 
the bone destruction near the synovial joint, whereas cytokines 
like IL-1, TNF-α, and IL-17 were shown to be the main cause of 
matrix destruction (Lubberts et al., 2003).

Reactive oxygen species (ROS) play a crucial function 
in the initiation and development of inflammation and articular 
tissue damage in RA (Di Dalmazi et al., 2016; Henrotin et al., 
2005; Yoo et al., 2016). ROS in RA is produced via two basic 
recurring mechanisms activated polymorphonuclear cells 
and ischemia–reperfusion in the inflamed joints (Taysi 
et al., 2002). These reactive species, if not scavenged, lead 
to lipid peroxidation (LPO) and can result in cell membrane 
deterioration. Studies with synovial fluids and tissues in RA have 
also depicted oxidative damage of lipoperoxidation products 
(Baskol et al., 2006). NO has been shown to regulate T cell 
functions under physiological conditions but overproduction 
of NO may contribute to T lymphocyte dysfunction (Onur 
et al., 2001; Veselinovic et al., 2014). Ueki et al. (1996) reported 
elevated nitrite levels in serum and synovia of patients with RA 
and osteoarthritis (OA).

Several experimental models have been developed in 
rats to assess the potential usefulness of anti-rheumatic drugs 
(Snekhalatha et al., 2013). One of the most common experimental 
models used for preclinical testing is the rat adjuvant arthritis 
that is presently under pre-clinical or clinical investigation 
(Gupta et al., 2014). The lineament of this model is trustworthy 
and precise, easily measurable, polyarticular inflammation, 
cartilage destruction, marked bone resorption, and periosteal bone 
proliferation (Ahmed et al., 2015).

Various remedies like non-steroidal anti-inflammatory 
drugs (NSAIDs) and disease modifying anti-rheumatoid drugs are 
beneficial for RA; up to 30% of patients fail to respond for the 
treatment (Helmick et al., 2008). However, in addition to being 
expensive, extensive utilization of these drugs is associated with 

serious adverse reactions such as gastric and duodenal ulcers, 
colitis, bleeding, perforation, stricture, and chronic problems such 
as iron deficiency anemia and protein loss and toxicity (Curtis and 
Singh, 2011). NSAIDs treatment also promotes joint destruction 
in arthritis and inhibits glycosaminoglycan synthesis. Natural 
food utilization interest has been recently increased as a result of 
its potency in trapping the free radicals as a result of their wide 
agreement (Ahmed et al., 2017; Shah et al., 2013). Accordingly, 
nowadays, the attention of scientists worldwide is directed toward 
anti-oxidant natural products and medicinal plants in the treatment 
and prevention of diseases due to the lower toxicity and fewer side 
effects (Patel et al., 2012).

The lemon is a good source of potassium, phenolics, 
flavonoids, and vitamin C (Bhavana et al., 2016). Other constituents 
of lemon include volatile oil (2.5% of the peel), limonene, alpha-
terpinene, alpha-pinene, citral, coumarins, mucilage, pectins, 
bioflavonoids (mostly from pith and peel) (Fisher and Phillips, 
2006; Miyake et al., 2007), γ-terpinene, β-pinene, myrcene, 
sabinene, α-pinene, and p-cimene (Gök et al., 2015).

Grapefruits are a storehouse of vitamins such as thiamine, 
riboflavin, vitamins C and E, niacin, and pantothenic acid and high 
content of dietary fiber as well as folic acid, potassium, magnesium, 
and calcium (Agarwal, 2013). Twenty-five compounds were 
identified from grapefruit peel extract of which limonene was 
the major constituent (Pino and Sánchez, 2000). Qiao et al 
detected 38 bioactive secondary metabolites in commercial cold-
pressed grapefruit peel extract (Qiao et al., 2008). Researchers 
have shown that the grapefruit has a positive effect in reducing 
the inflammation and pain in joints of arthritic patients, mainly 
in OA, due to the presence of its various nutritional components 
(Agarwal, 2013; Ganzera et al., 2006).

Therefore, the purpose of this study is to assess the 
preventive and anti-rheumatic activity of lemon and grapefruit 
peel hydroethanolic extracts as natural antioxidants in complete 
Freund’s adjuvant (CFA)-induced arthritis in male Wistar rats. The 
roles of Th1, Th2, and Th17 cytokines, as well as an antioxidant 
defense system, were also investigated.

MATERIALS AND METHODS

Experimental animals and housing
Adult male Wistar rats weighing 130–150 g were used 

in this investigation. The animals were purchased from Helwan 
Station of Experimental Animals, Egyptian Organization for 
Biological Products and Vaccines (VACSERA), Helwan, Cairo, 
Egypt. They were observed for 2 weeks before the starting of 
the experiment to eliminate any infection. The animals were 
placed in polypropylene cages with perfectly aerated stainless-
steel covers in the animal house of Zoology Department, Faculty 
of Science, Beni-Suef University, Egypt at normal temperature 
(20°C–25°C) and normal daily lighting cycle (10–12 hours/
day) and were administered balanced standard diet and water ad 
libitum. All animal methods are in accordance with the standard 
guidelines of the Experimental Animal Ethics Committee 
of Faculty of Science, Beni-Suef University, Egypt (Ethical 
Approval number: BSU/FS/2017/20). All attempts were done to 
minimize the suffering of animals.
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Induction of arthritis
CFA was purchased from Sigma Chemical Company 

(USA) and was used to induce RA in male Wistar rats. According 
to Ahmed et al. (2017), arthritis was induced by a double 
subcutaneous injection of 0.2 ml CFA into a footpad of the right 
hind leg of male rats in two consecutive days (0.1 ml/day).

Extraction of lemon and grapefruit peels
The lemon fruits (Citrus limon) and grapefruits (Citrus 

paradisi) were obtained from Beni-Suef Governate local market. 
They were authenticated by Dr. Walaa A. Hassan, Lecturer of 
Flora, Botany Department, Beni-Suef University, Beni-Suef, 
Egypt. The fruits were washed with tap water and peeled. The 
peels were washed many times with tap water and distilled water, 
then air-dried in a dark cold room. The dried peels were grounded 
with an electric grinder and extracted by cold maceration in 70% 
aqueous ethanol till exhausting at the room temperature. After 
filtration, the filtrates were concentrated under reduced pressure. 
The dry filtrate obtained was stored at −20°C until its usage for 
experimental evaluation.

Dose preparation of lemon and grapefruit peel hydroethanolic 
extract

Lemon and grapefruit peel hydroethanolic extracts 
at a dose level of 100 mg/kg bw were dissolved in 5 ml of 1% 
carboxymethylcellulose (CMC) solution as a vehicle and were 
orally given by an oral gavage daily for a period of 3 weeks. 
According to Tag et al. (2014), the dose of the lemon peel 
hydroethanolic extract was chosen, while that of the grapefruit 
peel hydroethanolic extract was chosen as previously reported 
(Gupta et al., 2011; Mossa et al., 2015).

Animal grouping
Forty-eight rats were divided into four groups, each 

being 12 rats. Six rats of each group were sacrificed after 9 days 
and the other six after 18 days. These groups were designated as 
follows:

Group 1 (Normal group): the rats of this group received 
an equivalent volume of 1% CMC daily for 18 days beginning 
from the starting period of the experiment by an oral gavage 
administration.

Group 2 (Arthritic control group): the rats of this group 
received a double subcutaneous injection of 0.1 ml CFA into a 
footpad of the right hind leg in two consecutive days and orally 
administered an equivalent volume of 1% CMC daily for 18 days 
beginning from the starting period of the experiment.

Group 3 (Arthritic group treated with lemon peel 
extract): the rats of this group received a double subcutaneous 
injection of 0.1 ml CFA into a footpad of the right hind leg in two 
consecutive days as group 2 and orally supplemented 100 mg/kg 
bw/day lemon peel hydroethanolic extract dissolved in 5 ml 1% 
CMC through the entire experimental period.

Group 4 (Arthritic group treated with grapefruit peel 
extract): the rats of this group received a double subcutaneous 
injection of 0.1 ml CFA into a footpad of the right hind leg in two 
consecutive days as group 2 and orally supplemented 100 mg/kg 
bw/day grapefruit peel hydroethanolic extract dissolved in 5 ml 
1% CMC through the entire experimental period.

Detection of right hind paw circumference
At the end of the experimental period after adjuvant 

injection, the right hind paw circumference just above tarsal 
pad was measured as an indicator of swelling 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 (Ahmed et al., 2015; 2017; 
Olajide et al., 2009).

Detection of right hind paw volume
After performing the experimental work, the volume of 

the paw of the right hind leg was measured for each rat by putting 
a right hind paw in a falcon 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
At the end of the experimental period, the thickness of the 

right hind paw was regularly measured with a micrometer screw 
gauge before and after modeling until the end of the experiment at 
the mid-sagittal plane (Li et al., 2010).

Hematological examination
Total leukocyte count (TLC) was carried out by Neubauer 

slide using Turk’s solution which is composed of gentian violet 
and 1% acetic acid (Miale, 1972).

Detection of oxidative stress and antioxidant defense system 
parameters

Liver LPO expressed by malondialdehyde (MDA) 
content, NO level, glutathione (GSH) content, superoxide 
dismutase (SOD) activity, glutathione peroxidase (GPx) 
activity, and glutathione-S-transferase (GST) activity were 
determined according to the methods of Ohkawa et al. (1979), 
Montgomery and Dymock (1961), Beutler (1963), Nishikimi  
et al. (1972), Paglia and Valentine (1967), and Habig et al. 
(1974), respectively.

Assay of serum cytokines
The levels of serum inflammatory cytokines 

prostaglandin E2 (PGE2), TNF-α, and IL-17 and serum anti-
inflammatory cytokines IL-10 and IL-13 levels were determined 
using specific ELISA kits purchased from R and D systems, USA 
according to the manufacturer’s instructions.

Determination of serum rheumatoid factor (RF) level
RF level in serum was achieved by using rat RF ELISA 

kit obtained from R and D systems according to the manufacturer’s 
instruction.

Statistical analysis
Statistical analysis was done using SPSS v.20 software 

(SPSS Inc., Chicago, IL). The results were expressed as a 
mean ± standard error (SE) and all statistical comparisons were 
made by Tukey’s test post hoc analysis. The values of p < 0.05 was 
considered significant, while values of p > 0.05 were considered 
non-significant (Nie et al., 1970).
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RESULTS
The right hind paw circumference, an indicator 

of the swelling rate and paw edema, exhibited a significant 
increase (p < 0.05) in CFA-induced arthritic rats at 9 and 18 
days recording percentage increases of 70.22% and 69.19% 
at 9 and 18 days, respectively, as compared with the normal 
control group. The treatment of the arthritic rats with lemon and 
grapefruit peel hydroethanolic extracts produced a significant 
amelioration (p < 0.05) of the elevated value of the right hind 
paw circumference recording percentage changes −23.43% and 
−19.17%, respectively, at 9 and 18 days for lemon peel extract 
group and −24.75% and −21.73%, respectively, for grapefruit 
peel extract group as compared with the arthritic control animals  
(Table 1).

The right hind paw volume, another indicator for paw 
swelling and edema, exhibited a significant increase (p < 0.05) at 
9 and 18 days in CFA-induced arthritic rats recording percentage 
increases of 153.97% and 245.45%, respectively, as compared 
with the normal control group. The treatment of the arthritic rats 
with lemon and grapefruit peel hydroethanolic extracts produced a 
significant improvement (p < 0.05) of the elevated right hind paw 
volume; the recorded percentage changes for lemon and grapefruit 
peel extract were −21.05% and −36.84%, respectively, at the end 
of the experiment after 18 days when compared with the arthritic 
control animals (Table 1).

The right hind paw thickness, the third indicator for paw 
swelling and edema, revealed a significant increase (p < 0.05) in the 
CFA-induced arthritic rats at 9 and 18 days recording percentage 
increases of 76.17% and 159.21%, respectively, as compared with 
the normal control group. The treatment of the arthritic rats with 
lemon peel hydroethanolic extract produced a significant decrease 
(p < 0.05) in the elevated right hind paw thickness recording 
percentage changes of −28.68% and −29.07% after 9 and 18 days, 
respectively, as compared with the arthritic control animals. On 
the other hand, the treatment of arthritic rats with grapefruit peel 
hydroethanolic extract induced a significant decrease (p < 0.05) 
in the right hind paw thickness at the nineth day, while it caused 
a non-significant change (p > 0.05) at the 18th day; the recorded 
percentage changes were −29.07% and −20.06%, respectively, at 
the 9th and 18th days of CFA-injection (Table 1).

Serum RF level showed a significant increase (p < 0.05) 
in CFA-induced arthritic rats after 9 and 18 days when compared 
with normal control rats; the recorded percentage changes were 
+280.39% and +479.05%, respectively, after 9 and 18 days. The 
treatment of CFA-administered rats with lemon and grapefruit 
peel hydroethanolic extracts produced a marked significant 
amelioration (p < 0.05) in serum RF level after 9 and 18 days in 
comparison with arthritic control rats. The recorded percentage 
changes were −53.35% and −76.49%, respectively, due to the 
treatment with lemon peel extract for 9 and 18 days, while 
they were −40.45% and −68.54% as a result of treatment with 
grapefruit peel extract for 9 and 18 days, respectively (Table 2).

TLC exhibited a significant increase (p < 0.05) in the 
arthritic control rats at 9 and 18 days; the recorded percentage 
increases were 177.82% and 195.45%, respectively, as compared 
with the normal control group. The treatment of the arthritic 
rats with lemon and grapefruit peel hydroethanolic extracts 
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produced a significant amelioration (p < 0.05) of the elevated 
TLC; the recorded percentage changes for lemon and grapefruit 
peel hydroethanolic extract were −45.92% and −49.58% after 9 
days and −61.92% and −59.85% after 18 days, respectively, as 
compared with the arthritic control animals (Table 3).

Serum PGE2 level exhibited a significant increase 
(p < 0.05) in CFA-induced arthritic rats after 9 and 18 days when 
compared with normal control rats; the recorded percentage 
changes were +130.09% and +240.58%, respectively, at 9 and 
18 days. The treatment of CFA-administered rats with lemon and 
grapefruit peels hydroethanolic extracts produced a significant 
improvement and decrease (p < 0.05) in serum PGE2 level 
after 9 and 18 days in comparison with arthritic control rats. 
The recorded percentage changes were −38.79% and −57.37%, 
respectively, due to the treatment with lemon peel extract for 
9 and 18 days, while they were −41.21% and −57.81% as a 
result of treatment with grapefruit peel extract for 9 and 18 days, 
respectively (Table 3).

Serum TNF-α level showed a significant elevation 
(p < 0.05) in CFA-induced arthritic rats after 9 and 18 days 
recording percentage changes of +287.00% and +308.25% as 
compared with normal control rats, respectively. The treatment 
of CFA-administered rats with both lemon and grapefruit peel 
hydroethanolic extracts produced a significant alleviation 
(p < 0.05) of serum TNF-α level after 9 and 18 days in comparison 
with arthritic control rats. The recorded percentage changes were 
−34.23% and −42.67%, respectively, due to the treatment with 
lemon peel extract for 9 and 18 days, while they were −39.61% 
and −54.33% as a result of treatment with grapefruit peel extract 
for 9 and 18 days, respectively (Table 3).

Serum IL-17 level exhibited a significant increase 
(p < 0.05) in CFA-induced arthritic rats after 9 and 18 days 
recording percentage changes of +440.65% and +387.79% as 
compared with normal control rats, respectively. The treatment 
of CFA-administered rats with both lemon and grapefruit peel 
hydroethanolic extracts produced a significant alleviation 
(p < 0.05) of serum IL-17 level after 9 and 18 days in comparison 
with arthritic control rats. The recorded percentage changes were 
−50.35% and −57.43%, respectively, due to the treatment with 
lemon peel extract for 9 and 18 days, while they were −54.65% 
and −66.71% as a result of treatment with grapefruit peel extract 
for 9 and 18 days, respectively (Table 4).

Serum IL-10 level showed a significant decrease (p < 0.05) 
in CFA-induced arthritic rats recording percentage changes of 

−55.51% and −49.56%, respectively, as compared with normal 
control rats. The treatment of CFA-administered rats with lemon 
and grapefruit peel hydroethanolic extracts produced a significant 
increase (p < 0.05) in serum IL-10 level after 9 and 18 days in 
comparison with arthritic control rats. The recorded percentage 
changes were +88.57% and +107.52%, respectively, due to the 
treatment with lemon peel extract for 9 and 18 days, respectively, 
while they were +94.25% and +108.16% as a result of treatment 
with grapefruit peel extract for 9 and 18 days, respectively (Table 4).

Serum IL-13 level showed a significant decrease 
(p < 0.05) in CFA-induced arthritic rats after 9 and 18 days 
recording percentage changes of −30.92% and −35.39%, 
respectively when compared with normal control rats. The 
treatment of CFA-administered rats with both lemon and 
grapefruit peels hydroethanolic extracts produced a significant 
increase (p < 0.05) in serum IL-13 level after 9 and 18 days in 
comparison with arthritic control rats. The recorded percentage 
changes were +73.31% and +55.11%, respectively, due to the 
treatment with lemon peel extract for 9 and 18 days, while 
they were +68.45% and +54.01% as a result of treatment with 
grapefruit peel extract for 9 and 18 days, respectively (Table 4).

LPO expressed by MDA content showed a significant 
increase (p < 0.05) in the liver of CFA-induced arthritic rats after 
9 and 18 days recording percentage changes of +880.87% and 
+1,425.00%, respectively, as compared with normal control rats. The 
treatment of CFA-administered rats with lemon peel and grapefruit 
peel hydroethanolic extracts produced a significant amelioration 
(p < 0.05) in MDA content of liver after 9 and 18 days in comparison 
with arthritic control rats. The recorded percentage changes due to 
treatment with lemon peel extract for 9 and 18 days were −72.87% 
and −75.07%, respectively, while they were −74.92% and −75.09% 
as a result of treatment with grapefruit extract, respectively (Table 5).

NO level showed a significant increase (p < 0.05) in the 
liver of CFA-induced arthritic rats after 9 and 18 days as compared 
with normal control rats; the recorded percentage changes were 
+812.12% and +1,156.00%, respectively. The treatment of 
CFA-administered rats with lemon peel and grapefruit peel 
hydroethanolic extracts produced a significant decrease (p < 0.05) 
in liver NO level after 9 and 18 days in comparison with arthritic 
control rats. The recorded percentage changes were −51.83% 
and −41.63%, respectively, due to the treatment with lemon peel 
extract for 9 and 18 days, while they were −59.14% and −45.50% 
as a result of treatment with grapefruit peel extract for 9 and 18 
days, respectively (Table 5).

Table 2. Effect of lemon and grapefruit peel hydroethanolic extracts on serum RF (U/ml) level in arthritic rats.

Parameter

Group

RF (U/ml)

9 days % Change 18 days % Change

Normal 8.82 ± 0.57a 9.02 ± 0.53a

Arthritic control 33.55 ± 2.63d 280.39 52.23 ± 2.75e 479.05

Arthritic group treated with lemon peel extract 15.65 ± 0.93bc −53.35 12.28 ± 0.70c −76.49

Arthritic group treated with grapefruit peel extract 18.98 ± 0.40ab −40.45 16.43 ± 0.47bc −68.54

Data are expressed as mean ± SE.
Number of animals in each group is six.
Means, which share the same superscript symbol(s), are not significantly different.
Percentage changes were calculated by comparing arthritic control with normal control and arthritic treated groups with arthritic 
control.



Ahmed et al. / Journal of Applied Pharmaceutical Science 8 (10); 2018: 069-081074

Ta
bl

e 
3.

 E
ffe

ct
 o

f l
em

on
 a

nd
 g

ra
pe

fr
ui

t p
ee

l h
yd

ro
et

ha
no

lic
 e

xt
ra

ct
s o

n 
TL

C
, s

er
um

 P
G

E2
 le

ve
l, 

an
d 

TN
F-

α 
le

ve
l i

n 
ar

th
rit

ic
 ra

ts
.

   
Pa

ra
m

et
er

G
ro

up

T
L

C
 (c

el
l/m

m
3 )×

10
3

PG
E

2 (
pg

/m
l)

T
N

F-
α 

(p
g/

m
l)

9 
da

ys
%

 
C

ha
ng

e
18

 d
ay

s
%

 
C

ha
ng

e
9 

da
ys

%
 

C
ha

ng
e

18
 d

ay
s

%
 

C
ha

ng
e

9 
da

ys
%

 
C

ha
ng

e
18

 d
ay

s
%

 
C

ha
ng

e

N
or

m
al

8.
16

 ±
 0

.2
4a

8.
80

 ±
 0

.2
8ab

13
3.

32
 ±

 5
.7

2a
13

4.
27

 ±
 5

.4
3a

28
.7

0 
± 

1.
04

a
36

.3
8 

± 
1.

05
a

A
rth

rit
ic

 c
on

tro
l

22
.6

7 
± 

0.
76

d
17

7.
82

26
.0

0 
± 

0.
96

e
19

5.
45

30
6.

75
 ±

 1
3.

31
c

13
0.

09
45

7.
30

 ±
 2

8.
43

d
24

0.
58

11
1.

07
 ±

 1
.6

0d
28

7.
00

14
8.

52
 ±

 4
.0

7e
30

8.
25

A
rth

rit
ic

 g
ro

up
 tr

ea
te

d 
w

ith
 le

m
on

 p
ee

l 
ex

tra
ct

12
.2

6 
± 

1.
2c

−4
5.

92
9.

90
 ±

 0
.2

6ab
c

−6
1.

92
18

7.
75

 ±
 4

.9
3ab

−3
8.

79
19

4.
93

 ±
 5

.6
7b

−5
7.

37
73

.0
5 

± 
0.

83
bc

−3
4.

23
85

.1
5 

± 
1.

88
c

−4
2.

67

A
rth

rit
ic

 g
ro

up
 tr

ea
te

d 
w

ith
 g

ra
pe

fr
ui

t p
ee

l 
ex

tra
ct

11
.4

3 
± 

0.
20

bc
−4

9.
58

10
.4

4 
± 

0.
23

ab
c

−5
9.

85
18

0.
33

 ±
 3

.9
9ab

−4
1.

21
19

2.
95

 ±
 8

.4
4b

−5
7.

81
67

.0
8 

± 
5.

53
b

−3
9.

61
67

.8
3 

± 
3.

44
b

−5
4.

33

D
at

a 
ar

e 
ex

pr
es

se
d 

as
 m

ea
n 

± 
SE

. N
um

be
r o

f a
ni

m
al

s i
n 

ea
ch

 g
ro

up
 is

 si
x.

M
ea

ns
, w

hi
ch

 sh
ar

e 
th

e 
sa

m
e 

su
pe

rs
cr

ip
t s

ym
bo

l(s
), 

ar
e 

no
t s

ig
ni

fic
an

tly
 d

iff
er

en
t.

Pe
rc

en
ta

ge
 c

ha
ng

es
 w

er
e 

ca
lc

ul
at

ed
 b

y 
co

m
pa

rin
g 

ar
th

rit
ic

 c
on

tro
l w

ith
 n

or
m

al
 c

on
tro

l a
nd

 a
rth

rit
ic

 tr
ea

te
d 

gr
ou

ps
 w

ith
 a

rth
rit

ic
 c

on
tro

l.

Ta
bl

e 
4.

 E
ffe

ct
 o

f l
em

on
 a

nd
 g

ra
pe

fr
ui

t p
ee

l h
yd

ro
et

ha
no

lic
 e

xt
ra

ct
s o

n 
IL

-1
7,

 IL
-1

0,
 a

nd
 IL

-1
3 

le
ve

ls
 in

 a
rth

rit
ic

 ra
ts

.

   
Pa

ra
m

et
er

G
ro

up

IL
-1

7 
(p

g/
m

l)
IL

-1
0 

(p
g/

m
l)

IL
-1

3 
(p

g/
m

l)

9 
da

ys
%

 
C

ha
ng

e
18

 d
ay

s
%

 
C

ha
ng

e
9 

da
ys

%
 

C
ha

ng
e

18
 d

ay
s

%
 

C
ha

ng
e

9 
da

ys
%

 
C

ha
ng

e
18

 d
ay

s
%

 
C

ha
ng

e

N
or

m
al

35
.9

2 
± 

1.
12

a
37

.2
7 

± 
1.

60
a

12
6.

60
 ±

 5
.8

8bc
12

3.
67

 ±
 6

.5
7bc

12
1.

67
 ±

 1
.8

5b
12

2.
30

 ±
 0

.9
0b

A
rth

rit
ic

 c
on

tro
l

19
4.

20
 ±

 4
.5

4e
44

0.
65

18
1.

80
 ±

 6
.4

0e
38

7.
79

56
.3

2 
± 

2.
08

a
−5

5.
51

62
.3

8 
± 

6.
69

a
−4

9.
56

84
.0

5 
± 

2.
68

a
−3

0.
92

79
.0

2 
± 

2.
62

a
−3

5.
39

A
rth

rit
ic

 g
ro

up
 tr

ea
te

d 
w

ith
 le

m
on

 p
ee

l 
ex

tra
ct

96
.4

2 
± 

1.
25

d
−5

0.
35

77
.4

0 
± 

3.
67

bc
−5

7.
43

10
6.

20
 ±

 2
.6

7b
88

.5
7

12
9.

45
 ±

 7
.3

0bc
10

7.
52

14
5.

67
 ±

 7
.5

6c
73

.3
1

12
2.

57
 ±

 5
.4

3b
55

.1
1

A
rth

rit
ic

 g
ro

up
 tr

ea
te

d 
w

ith
 g

ra
pe

fr
ui

t p
ee

l 
ex

tra
ct

88
.0

7 
± 

5.
84

cd
−5

4.
65

60
.5

3 
± 

3.
23

b
−6

6.
71

D
at

a 
ar

e 
ex

pr
es

se
d 

as
 m

ea
n 

± 
SE

. N
um

be
r o

f a
ni

m
al

s i
n 

ea
ch

 g
ro

up
 is

 si
x.

M
ea

ns
, w

hi
ch

 sh
ar

e 
th

e 
sa

m
e 

su
pe

rs
cr

ip
t s

ym
bo

l(s
), 

ar
e 

no
t s

ig
ni

fic
an

tly
 d

iff
er

en
t.

Pe
rc

en
ta

ge
 c

ha
ng

es
 w

er
e 

ca
lc

ul
at

ed
 b

y 
co

m
pa

rin
g 

ar
th

rit
ic

 c
on

tro
l w

ith
 n

or
m

al
 c

on
tro

l a
nd

 a
rth

rit
ic

 tr
ea

te
d 

gr
ou

ps
 w

ith
 a

rth
rit

ic
 c

on
tro

l.



Ahmed et al. / Journal of Applied Pharmaceutical Science 8 (10); 2018: 069-081 075

GSH content in the liver CFA-induced arthritic rats 
showed a significant decrease (p < 0.05) after 9 and 18 days 
when compared with normal control rats; the recorded percentage 
changes were −71.83% and −71.03%, respectively. The treatment 
of CFA-administered rats with both lemon peel and grapefruit 
peel hydroethanolic extracts produced a significant elevation 
(p < 0.05) in liver GSH content after 9 and 18 days in comparison 
with arthritic control rats. The recorded percentage changes were 
+135.45% and +129.24%, respectively, due to the treatment with 
lemon peel extract for 9 and 18 days, while they were +130.71% 
and +127.84% as a result of treatment with grapefruit peel extract 
for 9 and 18 days, respectively (Table 5).

SOD activity of CFA to albino rats exhibited a 
significant decrease (p < 0.05) in the liver after 9 and 18 days 
when compared with normal control rats; the recorded percentage 
changes were −73.89% and −81.25%, respectively. The treatment 
of CFA-administered rats with lemon peel and grapefruit 
peel hydroethanolic extracts produced a significant (p < 0.05) 
amelioration in SOD activity of liver after 9 and 18 days in 
comparison with arthritic control rats. The recorded percentage 
changes were +205.32% and +266.67%, respectively, due to 
the treatment with lemon peel extract for 9 and 18 days, while 
they were +192.55% and +265.33% as a result of treatment with 
grapefruit peel extract for 9 and 18 days, respectively (Table 6).

GPx activity in the liver of CFA-induced arthritic rats 
showed a significant decrease (p < 0.05) after 9 and 18 days 
when compared with normal control rats; the recorded percentage 
change were −48.55% and −52.79%, respectively. The treatment 
of CFA-administered rats with lemon peel and grapefruit peel 
hydroethanolic extracts produced a significant alleviation in 
(p < 0.05) activity of the liver after 9 and 18 days in comparison 
with arthritic control rats. The recorded percentage changes were 
+75.86% and +98.54%, respectively, due to the treatment with 
lemon peel extract for 9 and 18 days, while they were +71.94% 
and +114.26% as a result of treatment with grapefruit peel extract 
for 9 and 18 days, respectively (Table 6).

GST activity in liver of CFA-induced arthritic rats 
showed a significant decrease (p < 0.05) after 9 and 18 days as 
compared with normal control rats; the recorded percentage 
changes were −24.31% and −52.06%, respectively. The treatment 
of CFA-administered rats with both lemon peel and grapefruit peel 
hydroethanolic extracts produced a significant increase (p < 0.05) 
in GST activity of the liver after 9 and 18 days in comparison 
with arthritic control rats. The recorded percentage changes were 
+22.55% and +74.16% due to the treatment with lemon peel 
extract for 9 and 18 days, while they were +26.65% and +91.76% 
as a result of treatment with grapefruit peel extract for 9 and 18 
days, respectively (Table 6).

DISCUSSION
Despite the enormous research that has been carried 

out for RA, it still remains a disorder which can be controlled 
and not treated. Moreover, the severity of joint inflammation 
fluctuates resulting in exacerbations and remissions with a 
shortened life expectancy and reduced quality of life. So, the early 
intervention with safe treatments, which aimed at tight control of 
the inflammatory process to prevent irreversible joint destruction 
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and preserve function remains efficacious. Concurrently, there 
is a considerable interest in the potential of immunomodulatory 
therapies in the treatment of immune-based inflammatory diseases. 
Based on these principles, the present study was conducted to 
evaluate the preventive and ameliorative action of lemon and 
grapefruit peel hydroethanolic extracts against CFA-induced 
arthritis through their anti-inflammatory, anti-rheumatic, and 
anti-oxidant efficacies after 9 and 18 days. The CFA-induced 
arthritic model was used as the optimum available experimental 
model of RA in the present study because it is a model of chronic 
polyarthritis with characteristics that are similar to RA in human 
(Vijayalaxmi et al., 2015).

In CFA experimental model, rats showed a chronic 
swelling in diversified joints under the effect of inflammation, 
erosion of joint cartilage and bone destruction, and remodeling 
which resemble human rheumatoid disorder. A whole devastation 
of joint integrity and functions are caused by these inflammatory 
cells in animal models. Also, the rats depicted a soft tissue 
swelling around the ankle joints at the time of arthritis induction 
(Vijayalaxmi et al., 2015).

A change in rheumatoid indices as right hind paw 
circumference, paw volume, and paw thickness has been utilized 
for assessing the anti-inflammatory effects on RA (Ali et al., 2016; 
Chen et al., 2017; Eiseman et al., 1982). In the present investigation, 
these rheumatoid indices were measured to assess the anti-arthritic 
activity of lemon and grapefruit peel hydroethanolic extracts at the 
dose level of 100 mg/kg/bw in arthritic rats. In association with the 
increase of RF in serum, the right hind paw circumference, volume, 
and thickness were significantly increased in the CFA-induced 
arthritic rats at 9 and 18 days after CFA-injection reflecting the 
hind paw swelling and edema as well as inflammation. These 
results are in concurrence with other authors who stated that there 
is a strong relationship between the presence of inflammation and 
arthritic index (Rovenský et al., 2009). As reported by Rasool 
et al. (2006), the elevated paw swelling observed in the arthritic 
mice was found to be the cause of edema of periarticular tissues. 
An increase in leucocyte count, observed in arthritic rats of the 
present study, has been found to be associated with changes in the 
RF and arthritic indices; this evidence was supported by Latha 
et al. (1998). In the same way, as stated by past publications, there 
was a fast development of a localized inflammatory response 
distinguished by high vascular leakage and following swelling of 
the affected paw (Krenn et al., 2006) as well as inflamed tendons 
and ligament insertions (Almarestani et al., 2011). The treatment 
of arthritic rats with lemon and grapefruit peel hydroethanolic 
extracts, in this study, produced a significant reduction in the right 
hind paw circumference, volume, and thickness and decrease in 
serum RF level as compared with the arthritic control group; the 
grapefruit peel hydroethanolic extract seemed to be more potent. 
These results reflect the anti-arthritic efficacies of both extracts in 
this regard; the health influence and properties of lemon extract 
have been attributed to the presence of vitamin C and flavonoids, 
due to their radical scavenging activities (Lopes Campêlo et al., 
2011; Tanaka et al., 1997). Meanwhile, the preventive effects of 
grapefruit extract may be attributed to its major components of 
antioxidant flavonoids and phenolics such as gallic and cinnamic 
acids, catechin, rutin as well as rosmarinic, chlorogenic, caffeic, 
vanillic, and coumaric acids (El Gengaihi et al., 2013).
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Biomarkers for RA are important tools for shedding 
the light on disease progression and to assist in finding new 
therapeutics for the treatment of RA. From the hematological 
point of view, CFA-induced arthritis in rats is familiar with being 
responsible for leukocytosis (Adeneye et al., 2014; Sumanth and 
Swetha, 2012).

Our findings indicated that the induction of arthritis with 
CFA is associated with an increased TLC which is in agreement 
with the previously published data (Sumanth and Swetha, 2012). 
The disorder of T lymphocytes and the irregular activation 
of mononuclear macrophages are vital in the pathogenesis of 
arthritis (Li et al., 2008). The leukocytosis, in the present study, is 
attributed to CFA which is an antigen of decreased mycobacterium 
tuberculosis emulsified in mineral oil and mannide mono-oleate 
(Stils, 2005). Additionally, the adjuvants are generally utilized to 
devise the immune response by the host animal to this antigen. Once 
the immune system is promoted, the effects of adjuvants induce 
inflammation due to leukocytic infiltration; thereby, leukocyte count 
may be elevated secondary to this inflammation and also correlate 
with arthritis severity (Geboes et al., 2007; Rindfleisch and Muller, 
2005; Syed and Pinals, 1996).

PGE2 plays a vital role in the propagation of the 
inflammatory disorder. Interestingly, the biosynthesis of PGE2 is 
markedly proliferated in inflamed tissue and they take part in the 
production of the cardinal signs of severe inflammation. While 
the pro-inflammatory aspects of prostaglandins during the severe 
inflammation are well founded, their part in the resolution of 
the inflammatory response is a subject of debate (Ricciotti and 
FitzGerald, 2011). However, some previously published data 
suggested that at least some of the pro-inflammatory properties 
of RA are interceded by PGE2. Specifically, PGE2 has been 
attributed to the edema and the erosion of cartilage and juxta-
articular bone found in RA (Davies et al., 1984; McCoy et al., 
2002). In the CFA experimental model, neutralizing PGE2 with 
monoclonal antibodies lowered both the signs and levels of 
inflammatory markers of RA (Portanova et al., 1996). In this 
work, the treatments of CFA-induced arthritic rats with lemon 
and grapefruit peel hydroethanolic extracts for 9 and 18 days 
significantly decreased the elevated serum levels of PGE2. Thus, 
the decrease in the elevated PGE2 because of treatment of arthritic 
rats with the peel extracts may play a role in the improvement 
effect of these extracts on the arthritic condition.

In this current study, the levels of the pro-inflammatory 
and inflammatory cytokines (TNF-α and IL-17) as well as the 
anti-inflammatory cytokines (IL-10 and IL-13) were determined 
in the sera of all animal groups to evaluate the anti-inflammatory 
effects of treatment with lemon and grapefruit peel hydroethanolic 
extracts for 9 and 18 days on CFA-induced arthritis. The liberation 
of particular cytokines into the systemic circulation has been 
noticed in a diversity of inflammatory disorder, including RA. 
Their levels are often reflecting disease seriousness. In RA, the 
equilibrium between pro-inflammatory and anti-inflammatory 
cytokines defines the degree and extent of inflammation; and thus, 
can lead to different clinical influences. Among murine CD4+ T 
cells, Two very featured cytokine secretion paradigms have been 
realized, namely; Th1 and Th2. T helper 1 (Th1) cells secrete IFN-γ, 
TNF-α, and IL-2, whereas T helper 2 (Th2) secrete IL-4, IL-13, 
and IL-10 (Romagnani, 1997). RA is an inflammatory disorder 

characterized by the preponderance of Th1 on Th2 and thereby the 
overproduction of pro-inflammatory and inflammatory cytokines. 
In the present study, the serum TNF-α exhibited a significant high 
level in CFA-induced arthritic rats, while serum IL-10 and IL-13 
levels were decreased. These findings are in accordance with Liu 
et al. (2009) and Shah et al. (2013) and confirm the bias toward Th1 
in CFA-induced arthritis. It has been shown that, IL-10 inhibits the 
output of pro-inflammatory cytokines, including IL-1, TNF-α, and 
IL-2 as well as NO and PGE2 (Keystone et al., 1998; Persson et al., 
1996) and IL-13 induces interleukin-4-independent IgG4 and IgE 
synthesis and CD23 expression by human B cells (Punnonen et al., 
1993). In the current study, serum IL-13 in CFA-induced arthritis 
rats significantly decreased and this result is in accordance with 
Barra et al. (2014) and Woods et al. (1997) who found low IL-13 
production in synovial fluid and tissue from patients with RA. It is 
worth mentioning that the Th1/Th2 paradigm gave rise to the hygiene 
hypothesis, suggesting that increased hygiene conditions limit Th1 
reactions, which in turn allows more Th2 reactions (Schmidt-Weber 
et al., 2007). In agreement with this hypothesis, the present study 
revealed that the treatments of CFA-induced arthritic rats with 
lemon and grapefruit peel hydroethanolic extracts for 9 and 18 days 
activate the Th2 reactions and production of anti-inflammatory 
cytokines including IL-4, IL-10, and IL-13, while they have an 
inhibitory effect on the augmented Th1 reactions and production of 
pro-inflammatory cytokine, TNF-α, which has a pivotal role in the 
pathogenesis of RA (Brennan and McInnes, 2008). 

In addition to the Th1/Th2 paradigm, Th17 cells 
characterized by IL-17, IL-6, TNF-α, and IL-22 expression 
are also involved in the progress of autoimmune diseases and 
RA (Bush et al., 2002; Zheng et al., 2007). Neutralization of 
Th17-produced pro-inflammatory cytokine, IL-17, resolves 
tissue pathology in autoimmune models (Rangachari et al., 
2006). Furthermore, anti-IL-17 minimizes the joint damage 
in experimental arthritic rats (Bush et al., 2002) and lowers 
neutrophil infiltration in experimental asthma model (Hellings 
et al., 2003; Sergejeva et al., 2005). Based on these elucidations, 
it can be suggested that the suppressing effect of lemon and 
grapefruit peel hydroethanolic extracts on Th17 cells and IL-17 
production in CFA-induced arthritic rats, in the present study, 
may play a role, at least in part, in the improvement effects on 
arthritic indices, leukocytosis, and RF.

The high throughput of cytokines and growth factors 
from the inflamed synovium may be responsible for the 
pathophysiology of OA. The low-grade OA synovitis is itself 
cytokine-driven, although the levels of pro-inflammatory cytokines 
are lower than in RA. In particular, TNF-α has been assigned as a 
key player in OA pathogenesis, both in synovial inflammation and 
in activation of chondrocytes (Goldring, 1999; Martel-Pelletier 
et al., 1999; Singh et al., 2014). RA can be discriminated from 
other shapes of polyarthritis by the effect of RF, which is an 
immunoglobulin M antiglobulin directed against immunoglobulin 
G (IgG) antibody (Kokkonen et al., 2011). RF, a circulating 
antibody to immunoglobulin G, is a key serum analyzer used in 
the diagnosis of RA in addition to an assist for the prognosis of 
RA-severity (Chandrashekara et al., 2002; Firestein, 2003). In this 
investigation, the subcutaneous injection of CFA into normal male 
albino rats induced a significant increase in serum RF level. This 
result is in agreement with the results of previous literature, which 
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reported similar results (Banji et al., 2011; Mythilypriya et al., 
2008). The treatment of CFA-induced arthritic rats with lemon 
and grapefruit peel hydroethanolic extracts, on the other hand, 
significantly decreased the elevated serum RF reflecting their 
ameliorative effects on the arthritic conditions.

The actual mechanism of suppressing inflammation 
may be due to secondary metabolites such as flavonoids, which 
have been shown to be constituents of lemon and grapefruit 
peel hydroethanolic extracts and have both anti-inflammatory 
(Agarwal, 1982; Kubo et al., 1984) and anti-arthritic activities 
(Haqqi et al., 1999; Kubo et al., 1984).

In the present study, NO level and LPO in liver 
homogenate of CFA-induced arthritic rats were significantly 
elevated, while GSH content and GPx, GST, and SOD activities 
were significantly decreased. The treatment of CFA-induced 
arthritic rats with lemon and grapefruit peel hydroethanolic extracts 
produced a significant decrease in the elevated LPO and NO level 
and induced a significant improvement of GSH and antioxidant 
enzyme activities. It is worth mentioning that the antioxidants 
such as GSH, GPx, GST, and SOD are very important systems that 
protect the cell against free radicals (Bhattacharyya et al., 2014). 
It is also well known that endogenous anti-oxidant enzymes 
are responsible for preventing free radicals-induced oxidative 
damage by neutralizing the toxic radicals before any other 
molecules that can become a target (Bhattacharyya et al., 2014). 
In the present work, a remarkable decrease in these antioxidants 
in arthritic rats proves the involvement of oxidative damage in 
CFA-induced arthritis. Recently, it has been shown that there was 
a close engagement between the RA and oxidative stress in both 
humans and animals (Arulmozhi et al., 2011; Kamanlı et al., 2004;  
Seven et al., 2008).

Increased lipid peroxidation, oxidative stress, and a 
decrease in the enzymatic antioxidants, including GPx and SOD 
have been found in RA in patients and in arthritic rats (Ramezani 
et al., 2009; Seven et al., 2008). Our previous results depicted 
that high levels of ROS and oxidative stress caused the damage of 
cartilage in the adjuvant-induced rats (Choosri et al., 2017). Hepatic 
involvement has been notified in cases of RA associated with an 
abnormal liver function examine, a mild chronic inflammatory 
infiltrate of the portal tract, small foci of necrosis, and fatty liver 
(Abraham et al., 2004; Ruderman et al., 1997). The elevation in 
oxidative stress in CFA-induced arthritis in the present work may 
be due to a lowering in the non-enzymatic antioxidant, GSH, and 
enzymatic antioxidants comprising GPx, GST, and SOD activities. 
In consistent with this elucidation, Comar et al. (2013) showed a 
higher level of ROS in the liver of arthritic rats that is mainly the 
effect of both an enhanced pro-oxidant system and an inadequate 
antioxidant defense mechanism. In the present study, the lemon and 
grapefruit peel hydroethanolic extracts decreased oxidative stress 
by inhibiting free radicals’ formation and increasing antioxidant 
enzyme activity. It is obvious that lemon and grapefruit peel 
hydroethanolic extracts possess anti-oxidative properties which 
may be due to their antioxidant constituents such as flavonoids. 
Based on these findings and elucidations, it can be suggested that 
the preventing effects of lemon and grapefruit peel hydroethanolic 
extracts on CFA-induced arthritis may be due, at least in part, to 
their ability to scavenge reactive oxygen and nitrogen species to 
enhance the antioxidant defense system.

CONCLUSIONS
In conclusion, lemon and grapefruit peel hydroethanolic 

extracts have potent anti-inflammatory effects in CFA-induced 
arthritic rats manifested by the activation of Th2 cells and 
attenuation of Th1 and Th17 cytokines production. The extracts 
also suppressed oxidative stress and enhanced the antioxidant 
defense system in CFA-induced arthritic rats. Thus, these extracts 
may have potential effects on the prevention and therapy of the 
RA which may be mediated via their modulatory effects on Th1/
Th2/Th17 cytokines and their antioxidant activities. However, 
further efforts are demanded to evaluate the efficacy of lemon and 
grapefruit peel hydroethanolic extracts in the treatment of RA in 
human beings.
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