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ABSTRACT 
BACKGROUND AND OBJECTIVE: Rheumatoid Arthritis (RA) is a chronic autoimmune disease is treated by non-

steroidal anti-inflammatory drugs. Considering that use of medicinal plants has lower side effects than chemical drugs 

and Elaeagnus angustifolia is one of the plants used in the traditional medicine is, the present study was conducted to 

investigate the anti-inflammatory property of the aqueous extract of the Elaeagnus angustifolia by assessing the 

expression of the iNOS and COX2 as inflammatory genes.  

METHODS: This experimental study was performed on 35 male Wistar rats in 5 groups of 7. Seven rats were considered 

as control group, and in the rest of rats, rheumatoid arthritis was induced according to the CIA protocol with collagen 

type 2 injection. One group was not treated as the control group and three groups were treated orally for a period of 30 

days by ibuprofen with the concentration 15 mg/kg and the aqueous extract of the Elaeagnus angustifolia with the 

concentration 350 mg/kg and their combination, then expression of the COX2 and iNOS genes was measured by real-

time PCR technique. 

FINDINGS: Treatment with ibuprofen and the aqueous extract reduced the genes expression. In other words, the 

expression of the iNOS gene decreased more in the ibuprofen group (6.34±0.49) than the Elaeagnus angustifolia 

(7.71±0.61; p<0.001) and the expression of the COX2 gene decreased more in Elaeagnus angustifolia (7.70±0.77) than 

ibuprofen group (9.93±0.68; p< 0.001).  

CONCLUSION: It seems that the aqueous extract of the Elaeagnus angustifolia can be used independently or together 

with ibuprofen to treatment the rheumatoid arthritis.   
KEY WORDS: Rheumatoid Arthritis, Elaeagnaceae, Ibuprofen, Cyclooxygenase-2،Nitric oxide synthase type II. 
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Introduction 

Rheumatoid arthritis (RA) is an autoimmune 

systemic inflammatory disease that affects one percent 

of the world's population (1). Synovium inflammation, 

advanced bony erosion, abnormal joints displacement, 

and degeneration and weakness of the surrounding 

muscles occur. Treatment of this disease is based on the 

use of non-steroidal anti-inflammatory (NSAIDs) drugs 

and cardiovascular and gastrointestinal problems are 

considered as long-term side effects.  

Therefor investigating new drugs with lesser side 

effects than the NSAIDs is considered as a new 

challenge. Medicinal plants due to their natural nature 

and because of their biological balance, have fewer side 

effects than chemical drugs. One of the plants used in 

traditional medicine in Iran is Elaeagnus angustifolia 

(2). Studies have shown that the aqueous extract of 

Elaeagnus angustifolia contains various compounds 

including flavonoids that have antioxidant, antiviral, 

anti-allergic and anti-inflammatory properties and can 

inhibit inflammatory mediators, such as 

cyclooxygenase and nitric oxide synthase enzymes (3). 

It has been shown that the anti-inflammatory effect of 

Elaeagnus angustifolia extract is significant on the acute 

and chronic edema induced by formalin in a dose-

dependent manner and is comparable to sodium 

salicylate (4).  

The aqueous extract also has a similar therapeutic 

effect on knee aesthetic arthritis with ibuprofen (5). NO 

and PGE2 are two important mediators in the 

inflammation process that are produced by Inducible 

Nitric Oxide Synthase (iNOS) and COX2 

(Cyclooxygenase 2) enzymes and exacerbate 

inflammation in the joint (6). There is an interaction 

between these two pathways so that NO can increase the 

production of PGE2 by increasing the activity or COX2 

protein (7). On the other hand, PGE2 can also increase 

the expression of the iNOS gene (8). There are 

numerous evidences about the presence and role of NO 

and its producing enzyme (iNOS) in the pathogenesis of 

rheumatoid arthritis (10, 9). A sharp increase in the 

concentration of nitrites in the articular fluid in patients 

with rheumatoid arthritis has been reported (11). 

According to studies, prostaglandins also play an 

important role in the pathophysiology of cancer and 

inflammation (12). There is sufficient evidence that 

COX2 enzyme is present in chronic human 

inflammation such as RA and even similar 

inflammations in the animal model (13, 12). Inhibition 

of prostaglandin production through selective inhibition 

of COX2 production is a promising and practical way 

of treating these diseases. Different studies have shown 

that ibuprofen, in addition to inhibiting COX2 activity, 

can also affect the amount of its mRNA and protein (15, 

14). It also reduces the iNOS mRNA (16,15). 

Flavonoids which are components of various plants, 

such as Elaeagnus angustifolia can reduce the levels of 

COX2 and iNOS mRNA (17).  

Given that there is not any study to date on the effect 

of the aqueous extract of Elaeagnus angustifolia on the 

expression of molecules involved in inflammation, such 

as COX2 and iNOS genes in rheumatoid arthritis, the 

aim of this study was to compare the effect of ibuprofen 

and the aqueous extract of Elaeagnus angustifolia on the 

expression of COX2 and iNOS genes in rheumatoid 

arthritis model of rats as a potential supplement or 

replacement for ibuprofen in the treatment of 

rheumatoid arthritis. 

 

 

Methods 

This experimental study was approved by the 

Committee of the Ethics of the Baqiyatallah University 

of Medical Sciences with registration code 

IR.BMSU.REC.1396.563 On 35 wistar male rats (200-

250 gr). All experiments were carried out in accordance 

with the guidelines for the care and use of laboratory 

animals. After one week, when the rats were used to the 

environment, 7 mice were selected as control group and 

rheumatoid arthritis was induced in the rest of the rats 

by injection of collagen type 2 emulsion and complete 

Freund's adjuvant (CFA). To create a model of 

rheumatoid arthritis, the equivalent ratio of bovine 

collagen type 2 (2 mg/ml) was mixed with CFA and 

then 200 μl at day 0 and 100 μl at day 14 was injected 

subcutaneously to the tail of the rats (20-18). To confirm 

the induction of model, the joint diameter, CBC and 

ESR were examined before and after the induction of 

the model. Histological sections were also taken from 

cartilage tissues of their toes and compared with the 

control group.  

They were randomly divided into four groups: the 

first group received no treatment as the control group; 

the second group received aqueous extract of Elaeagnus 
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angustifolia, the third group received ibuprofen and the 

fourth group received both aqueous extract of 

Elaeagnus angustifolia and ibuprofen. To prepare the 

aqueous extract, the fresh and dried fruits were 

harvested. 80 g of powder were added to 400 ml of 

distilled water, and the boiling was continued for 15 

minutes, after cooling the contents were filtered with 

filter paper. Then, it was placed in a Bain-marie at a 

temperature of 40 °C and then drained, then the extract 

powder was stored in the refrigerator at -10 °C (21). One 

week after immunization, the treated groups received in 

addition to water and food for 30 days, ibuprofen (15 

mg/kg), aqueous extract (350mg/kg) or the combination 

(ibuprofen 15mg/kg and aqueous extract 350mg/kg) in 

the form of single dose and gavage. For analyzing the 

genes desired, after the anesthesia of the rats, the 

cartilage tissue was isolated from their feet and washed 

with liquid nitrogen and kept at 70 °C for the extraction 

of the RNA. The steps for extracting RNA were 

performed by (Invitrogen) TRIZOL. Then the total 

RNA was used to make the cDNA by the QuantiTect 

Rev trnscriptase kit (Qiagen product). Subsequently, 

quantitative fast SYBR Green PCR (Qiagen) kit and 

specific primers for COX2, iNOS and β-actin genes 

were amplified using Real Time PCR technique. The 

primers were designed by the genscript real time taqman 

program and then blast was done in NCBI. They were 

also analyzed using the oligo software for loop and 

dimmer formation. The sequence of primers was shown 

in Table 1. In this study, the β-actin gene was used as an 

internal control gene and the CtΔΔ-2 method was used 

to examine the relative expression of COX2 and iNOS 

genes in different groups. Statistical analysis was 

performed using SPSS 18 software, one-way ANOVA 

and Tukey multiple comparison tests. P<0.05 was 

considered significant. 

 

Table 1. Primer sequence of the studied genes 

Gene Primer sequence Base pair 

iNOS 
Forward: TCCCAGCACAAAGGGCTCAA 

Reverse: TGCGGACCATCTCCTGCATT 
106  

COX2 
Forward: AGCTTCACTTGCCACCAACG 

Reverse: TCGGAAGAGCATCGCAGAGG  
70  

β-actine 
Forward: AGCCATGTACGTAGCCATCC 

Reverse: CTCTCAGCTGTGGTGGTGAA 
141 

Results 

The erythrocyte sedimentation rate (ESR) in the RA 

group (12.76±0.77 mg/hr) was significantly higher than 

the control group (3.85±0.52) (p<0.01). Also, the 

number of white blood cells in the RA group 

16710±2117.28 per μl) compared to the control group 

(7415±327.51) (p<0.01). Additionally, the joint in the 

RA group was inflated (Fig. 1). Moreover, intense 

infiltration of the inflammatory cells and abnormal cells 

of the synovium were observed in the histopathological 

examination (Fig. 2) which all represent the success of 

the model. The relative expression of COX2 gene in the 

control group was 14.92±1.16 and in the Ibuprofen 

group was 9.93±0.68 and in the aqueous extract group 

was 7.7±0.77 and in the combination group of ibuprofen 

and aqueous extract was 5.94±0.34 higher than control 

group (Fig. 1). As it can be seen, various treatments by 

drug and aqueous extracts have been able to reduce the 

expression of COX2 gene in comparison with the 

control group (p<0.001). This decrease was higher for 

the aqueous extract group than the ibuprofen group 

(p<0.001). The combination of these two drugs alone 

reduced the COX2 gene (p<0.001) relative to each of 

the treatments alone. The relative expression of iNOS 

gene in the control group was 13.59±1.05, in the 

Ibuprofen group was 6.34±0.49, in the aqueous extract 

group was 7.71±0.67 and in the combined group was 

3.5±0.27 (Fig 2). As it has been shown, the development 

of inflammation in rheumatoid arthritis has increased 

the expression of iNOS gene in all groups. On the other 

hand, treatment with aqueous extract has been able to 

reduce the expression of iNOS gene compared to the 

control group (p<0.001). Decreased expression in the 

ibuprofen group was higher than that of the aqueous 

extract (p<0.001). The combination of ibuprofen and 

aqueous extract in comparison to each of the treatments 

alone led to a further decrease in iNOS gene expression 

(p<0.001). 
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Figure 1. Increased joint diameter of RA group (a) compared to control group (b) on day 21 

 

 

 

 

 

 

 

 

 

Figure 2. Cartilage tissue of the control group with a normal synovial layer and normal chondrocytes (a). The 

cartilage tissue of the RA group shows a high concentration of inflammatory cells (b). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Comparison of the relative expression of cyclooxygenase 2 gene in the studied groups. a, b, c and d 

were meaningful in all groups (P<0.001) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Comparison of relative expression of nitric oxide synthase 2 gene in the studied groups. a, b, c and d 

were meaningful in all groups (p <0.001) 
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Discussion  

In the present study, ibuprofen and aqueous extract 

of Elaeagnus angustifolia reduced the expression of 

iNOS and COX2 genes in articular cartilage of the rats' 

carpal joints in the rheumatoid arthritis model. The 

results of research by Motevalian et al. showed that the 

extract of Elaeagnus angustifolia has anti-inflammatory 

effects comparable to sodium salic acid (4). The results 

of Panahi et al. indicated that the effectiveness of 

aqueous extract of Elaeagnus angustifolia in the 

treatment of chronic inflammation (5).  

Liu et al. Investigated the effect of Camellias herbal 

flavonoids on pro-inflammatory agents such as TNFα, 

iNOS, COX2 and MIP-1α. The results of this study 

showed that the total flavonoid of this plant can decrease 

the mRNA of the TNFα, iNOS, COX2 and MIP-1α 

genes which was induced by LPS in 7/264 RAW cells 

(22). The results of Liu et al. showed the effectiveness 

of the flavonoid family on the reduction of 

inflammatory precursors. In the study of Chai et al., 

Ibuprofen increased the expression of COX2 gene both 

in the level of mRNA and protein levels in Urotsa cells 

line of bladder cancer (23), which is not consistent with 

our results, probably due to dose and course of drug use 

and cell lineage used in that study.  

Moreover, Liu et al., examined the effect of 

ibuprofen on diabetic encephalopathy and indicated that 

chronic treatment with ibuprofen significantly reduced 

the activity of the protein and mRNA of the COX2 and 

iNOS gene in the brain, but increased the protein and 

mRNA associated with PPARγ in the brain of diabetic 

rats. PPARγ inhibits the expression of pro-

inflammatory genes (24). Crofford's study showed that 

the expression of the COX2 gene in the synovial tissue 

of rheumatoid arthritis patients increases through 

activation of NFκB transcription factors by cytokines 

IL-1 and TNFα (25). On the other hand, D'Acquisto's 

study showed that ibuprofen inhibits the expression of 

COX2 and PGE2 in T cells and rodent macrophages by 

inhibiting NFκB (26). In the present study, the 

expression of iNOS and COX2 genes in all treatment 

groups and the control group was increased in 

comparison with the control group, which indicates that 

these genes play an important role in the inflammatory 

process and their expression in rheumatoid arthritis 

increases.  

On the other hand, the expression of these genes was 

reduced by the aqueous extract and ibuprofen extract 

compared to the control group, indicating the 

effectiveness of the treatment process that reduced the 

progression of inflammation, but the reduction of iNOS 

gene expression by ibuprofen was more that the aqueous 

extract of Elaeagnus angustifolia and decreased 

expression of the COX2 gene was more pronounced in 

the aqueous extract of Elaeagnus angustifolia than 

ibuprofen. In addition, the combination of ibuprofen 

and aqueous extract reduces the expression of these 

genes, which suggests that if the aqueous extract and 

ibuprofen be co-administered simultaneously, the effect 

of them on the reduction of the expression of these 

inflammatory genes would be strengthened.  

It is suggested that Elaeagnus angustifolia be used 

as an appropriate candidate for formulation in a 

pharmaceutical industry as an alternative to ibuprofen 

or co-administered with it in treating patients with 

rheumatoid arthritis which requires further studies on 

the extraction of the active ingredient and the full 

recognition of the mechanism of action, complications 

and toxicity. 

 

 

Acknowledgment 

Hereby, we would like to thank the Vice-Chancellor 

for Research of the Faculty of Medicine of Baqiyatallah 

University of Medical Sciences for supporting this 

research, as well as Dr. Javad Rauof for valuable 

comments in histological studies and the induction of 

animal model. 

  



32                                                                                                                                    Anticonvulsant Function of Hesperetin; S. Baradaran , et al 

References 

1.McNamara J. Kindling model of epilepsy. Adv Neurol. 1986;44:303-18. 

2.Devinsky O, Vezzani A, Najjar S, De Lanerolle NC, Rogawski MA. Glia and epilepsy: excitability and inflammation. 

Trends Neurosci. 2013;36(3):174-84. 

3.Diniz TC, Silva JC, de Lima-Saraiva SR, Ribeiro FP, Pacheco AG, de Freitas RM, et al. The role of flavonoids on 

oxidative stress in epilepsy. Oxid Med Cell Longev. 2015;2015: 171756. 

4.Edraki M, Akbarzadeh A, Hosseinzadeh M, Tanideh N, Salehi A, Koohi-Hosseinabadi O. Healing effect of sea 

buckthorn, olive oil, and their mixture on full-thickness burn wounds. Adv Skin Wound Care. 2014;27(7):317-23. 

5.Bisson JF, Nejdi A, Rozan P, Hidalgo S, Lalonde R, Messaoudi M. Effects of long-term administration of a cocoa 

polyphenolic extract (Acticoa powder) on cognitive performances in aged rats. Br J Nutr. 2008;100(1):94-101. 

6.Head E. Oxidative damage and cognitive dysfunction: antioxidant treatments to promote healthy brain aging. 

Neurochem Res. 2009;34(4):670-8. 

7.Nones J, de Sampaio Spohr TCL, Gomes FCA. Effects of the flavonoid hesperidin in cerebral cortical progenitors in 

vitro: indirect action through astrocytes. Int J Dev Neurosci. 2012;30(4):303-13. 

8.Iranshahi M, Rezaee R, Parhiz H, Roohbakhsh A, Soltani F. Protective effects of flavonoids against microbes and 

toxins: The cases of hesperidin and hesperetin. Life Sci. 2015;137:125-32. 

9.Parhiz H, Roohbakhsh A, Soltani F, Rezaee R, Iranshahi M. Antioxidant and anti‐inflammatory properties of the citrus 

flavonoids hesperidin and hesperetin: an updated review of their molecular mechanisms and experimental models. 

Phytother Res. 2015;29(3):323-31. 

10.Kanaze F, Bounartzi M, Georgarakis M, Niopas I. Pharmacokinetics of the citrus flavanone aglycones hesperetin and 

naringenin after single oral administration in human subjects. Eur J Clin Nutr. 2007;61(4):472-7. 

11.Kobayashi S, Tanabe S, Sugiyama M, Konishi Y. Transepithelial transport of hesperetin and hesperidin in intestinal 

Caco-2 cell monolayers. Biochim Biophys Acta. 2008;1778(1):33-41. 

12.Hwang SL, Yen GC. Neuroprotective effects of the citrus flavanones against H2O2-induced cytotoxicity in PC12 

cells. J Agric Food Chem. 2008;56(3):859-64. 

13.Chen MC, Ye YY, Ji G, Liu JW. Hesperidin upregulates heme oxygenase-1 to attenuate hydrogen peroxide-induced 

cell damage in hepatic L02 cells. J Agric Food Chem. 2010;58(6):3330-5.  

14.Kheradmand E, Hajizadeh Moghaddam A, Zare M. Neuroprotective effect of hesperetin and nano-hesperetin on 

recognition memory impairment and the elevated oxygen stress in rat model of Alzheimer’s disease. Biomed 

Pharmacother. 2018;97:1096-101. 

15.Kumar A, Lalitha S, Mishra J. Possible nitric oxide mechanism in the protective effect of hesperidin against 

pentylenetetrazole (PTZ)-induced kindling and associated cognitive dysfunction in mice. Epilepsy Behav. 

2013;29(1):103-11. 

16.Rosa-Falero C, Torres-Rodríguez S, Jordán C, Licier R, Santiago Y, Toledo Z, et al. Citrus aurantium increases seizure 

latency to PTZ induced seizures in zebrafish thru NMDA and mGluR's I and II. Front Pharmacol. 2015;5:284. 

17.Mandhane SN, Aavula K, Rajamannar T. Timed pentylenetetrazol infusion test: a comparative analysis with sc PTZ 

and MES models of anticonvulsant screening in mice. Seizure. 2007;16(7):636-44. 

18.Zareie P, Sadegh M, Palizvan M. Investigating the effect of enzymatic elimination of endocannabinoids inhibitors on 

tonic-colonic seizure provoked by PTZ. J Babol Univ Med Sci. 2016;18(12):49-56. 

19.Hashemian M, Anissian D, Ghasemi-Kasman M, Akbari A, Khalili-Fomeshi M, Ghasemi S, et al. Curcumin-loaded 

chitosan-alginate-STPP nanoparticles ameliorate memory deficits and reduce glial activation in pentylenetetrazol-

induced kindling model of epilepsy. Prog Neuropsychopharmacol Biol Psychiatry. 2017;79(Pt B): 462-71. 

20.Mehrzadi S, Sadr S, Hosseinzadeh A, Gholamine B, Shahbazi A, FallahHuseini H, et al. Anticonvulsant activity of 

the ethanolic extract of Punica granatum L. seed. Neurol Res. 2015;37(6):470-5. 

21.Benzie IF, Strain JJ. The ferric reducing ability of plasma (FRAP) as a measure of “antioxidant power”: the FRAP 

assay. Anal Biochem. 1996;239(1):70-6. 

22.Buege JA, Aust SD. [30] Microsomal lipid peroxidation. Methods Enzymol. 1978;52: 302-10. 

https://www.ncbi.nlm.nih.gov/pubmed/18189359
https://www.ncbi.nlm.nih.gov/pubmed/20170153
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kheradmand%20E%5BAuthor%5D&cauthor=true&cauthor_uid=29136946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hajizadeh%20Moghaddam%20A%5BAuthor%5D&cauthor=true&cauthor_uid=29136946
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zare%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29136946


J Babol Univ Med Sci; 20(11); Nov 2018                                                                                                                                                                     33 

 

23.Dimpfel W. Different anticonvulsive effects of hesperidin and its aglycone hesperetin on electrical activity in the rat 

hippocampus in‐vitro. J Pharm Pharmacol. 2006;58(3):375-9. 

24.Kumar A, Lalitha S, Mishra J. Hesperidin potentiates the neuroprotective effects of diazepam and gabapentin against 

pentylenetetrazole-induced convulsions in mice: possible behavioral, biochemical and mitochondrial alterations. Indian 

J Pharmacol. 2014;46(3):309. 

25.Choi EJ. Antioxidative effects of hesperetin against 7, 12-dimethylbenz (a) anthracene-induced oxidative stress in 

mice. Life Sci. 2008;82(21-22):1059-64. 

26.Kumar B, Gupta SK, Srinivasan B, Nag TC, Srivastava S, Saxena R, et al. Hesperetin rescues retinal oxidative stress, 

neuroinflammation and apoptosis in diabetic rats. Microvasc Res. 2013;87:65-74. 

27.Pari L, Shagirtha K. Hesperetin protects against oxidative stress related hepatic dysfunction by cadmium in rats. Exp 

Toxicol Pathol. 2012;64(5):513-20. 

28.Khalaj R, Moghaddam AH, Zare M. Hesperetin and it nanocrystals ameliorate social behavior deficits and oxido-

inflammatory stress in rat model of autism. Int J Dev Neurosci. 2018;69:80-7. 

29.Baradaran S, Hajizadeh Moghaddam A, Ghasemi-Kasman M. Hesperetin reduces myelin damage and ameliorates 

glial activation in lysolecithin-induced focal demyelination model of rat optic chiasm. Life Sci. 2018;207:471-9. 

30.Kara M, Türkön H, Karaca T, Güçlü O, Uysal S, Türkyılmaz M, et al. Evaluation of the protective effects of hesperetin 

against cisplatin-induced ototoxicity in a rat animal model. Int J Pediatr Otorhinolaryngol. 2016;85:12-8. 

31.Roohbakhsh A, Parhiz H, Soltani F, Rezaee R, Iranshahi M. Neuropharmacological properties and pharmacokinetics 

of the citrus flavonoids hesperidin and hesperetin—a mini-review. Life Sci. 2014;113(1-2):1-6. 

32.Bouayed J, Bohn T. Exogenous antioxidants—double-edged swords in cellular redox state: health beneficial effects 

at physiologic doses versus deleterious effects at high doses. Oxid Med Cell Longev. 2010;3(4):228-37. 

33.Khadir F, Pouramir M, Joorsaraee SG, Feizi F, Sorkhi H, Yousefi F. The effect of arbutin on lipid peroxidation and 

antioxidant capacity in the serum of cyclosporine-treated rats. Caspian J Intern Med. 2015;6(4):196. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Baradaran%20S%5BAuthor%5D&cauthor=true&cauthor_uid=30056861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hajizadeh%20Moghaddam%20A%5BAuthor%5D&cauthor=true&cauthor_uid=30056861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghasemi-Kasman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=30056861

