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ABSTRACT: 
Arthritis is a common autoimmune disease characterized by chronic inflammation at the synovial joint. Most 

treatments that are currently used have its own downside and give rise to natural plants as alternative remedy. 

This study investigates the effect of Nigella sativa and Eucheuma cottonii extracts in reducing inflammation and 

the severity in collagen-induced arthritis mice. The collagen-induced arthritis mice were fed with Nigella sativa 

and Eucheuma cottonii extracts for 21 days. The results were recorded from inflammation scoring and neutrophil 

infiltration in the knee joints. This study demonstrated that mice treated with Nigella sativa extract showed 

significant decrease (p<0.05) in inflammation scoring and the numbers of neutrophil infiltration as compared to 

other treated groups. Treatment with Eucheuma cottonii extract also demonstrated a significant decrease 

(p<0.05) in the inflammation scoring. The extract from Nigella sativa has evidently reduced the inflammation in 

collagen-induced arthritic mice and showed better results than Eucheuma cottonii treatment. 
 

KEYWORDS: Nigella sativa, Eucheuma cottonii, Collagen-induced arthritis, Inflammation, Neutrophil. 
 

 

INTRODUCTION: 
Arthritis is a common autoimmune disease that is 

characterized by chronic inflammation at the synovial 

joints where it is associated with progressive disability, 

systemic complications, early death and socioeconomics 

costs1. Rheumatoid arthritis (RA) affects about 5 in 1000 

people and this disease is affecting about 1% of the 

human population2. The common physical symptoms of 

RA are swelling of joints areas, painful and stiff joints, 

fatigue, malaise, weight loss and sometimes even 

depression, but the main characteristic is swelling of the 

joints and ability to spread the disease to new joints3,4. 

The etiology of RA is multifactorial where the diseases 

can arise because of complex interactions between 

genetic, hormonal, immunological, ineffective, 

environmental and physiological factors. 
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The most commonly affected joints in RA patients are 

the proximal interphalangeal and metacarpophalangeal 

joints of the hands and wrists, followed by 

metatarsophalangeal joints of the feet, ankles and 

shoulders5. 
 

Eucheuma cottonii is an edible species of pacific red 

seaweeds obtained from Malaysian North Borneo Sabah 

waters. This seaweed has variety of potential 

compounds like dietary fibers, vitamin C, α-tocopherol, 

minerals, fatty acid and protein6. Eucheuma cottonni 

also contain high polysaccharides, active protein with 

anti-inflammatory properties and high antioxidants that 

could help in wound healing process7. Nigella sativa 

also called ‘black seed’, Al-Habba Al-Sauda or Al-

Habba Al-Barakah in Arabic is well known in the 

Middle East, Middle Asia and far East. It has many 

pharmaceutical properties such as anti-parasitic, 

antibacterial, antifungal, antiviral, antioxidant and anti-

inflammatory activities8. Nigella sativa has numerous 

active compounds such as 30-40% fixed oil, 0.5-1.5% 

essential oil and protein and pharmacologically active 
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components such as thymoquine, ditimoquinone and 

nigellin9,10. 
 

Collagen-induced arthritis is an experimental 

autoimmune disease that can be induced with type II 

collagen in the appropriate rodent strains and non-

human primates11. The collagen-induced arthritis rats 

have similarities in clinical and pathological features 

with human RA12,13,14. This current study explores the 

potential of plants from different origin which is ground-

based and marine-based plants as alternative remedy for 

anti-inflammatory disorders. It has been reported that 

Nigella sativa and Eucheuma cottonni extracts 

possessed anti-inflammatory effects in carrageenan 

induced paw edema and experimental ovalbumin-

induced allergic asthma respectively15,16,17. This work 

describes the effects of Nigella sativa and Eucheuma 

cottonni extracts in collagen-induced arthritis mice. 
 

MATERIAL AND METHODS: 
Collection and sampling of materials: 

Dried Eucheuma cottonii was collected from Sabah, 

Malaysia and the Nigella sativa seeds originated from 

Saudi Arabia was purchased from commercial market. 

The materials were kept in a clean and dry place before 

the extraction process. 
 

Preparation of Nigella sativa and Eucheuma cottonii 

extract: 

The seeds of Nigella sativa were cleaned and washed 

under running water to remove foreign substances. The 

seeds were air dried at room temperature and grounded 

to powder form. In a ratio of 1:10, the Nigella sativa 

powder was then soaked in distilled water. After 24 h, 

the solution was continuously stirred for 1 h at room 

temperature before it was filtered with clean cloth and 

filter papers. The solution was put in a rotary evaporator 

(BUCHI rotavapor R-216) at 37oC (60rpm) in order to 

remove excessive solvents during the extraction process. 

The extracts were protected from lights and stored at 

4oC. 
 

Aqueous extraction of Eucheuma cottonii was prepared 

according to the method described previously18 with 

minor modification. 150 gm of dried Eucheuma cottonii 

were washed under running water to remove dirt and 

unwanted particles. The plant is air dried at room 

temperature and grounded until it became powder-like 

form. The powders were weighed and soaked in distilled 

water at a ratio of 1:10 dilution for 24 h. After that 

period, the solution was continuously stirred for 1 h at 

room temperature. The solution was then filtered with 

clean cloth and filter papers and the extracts obtained 

were stored at 4oC. 

 

 

Preparation of collagen type II emulsion and 

complete Freund’s adjuvant (CFA): 

The collagen type II and CFA were prepared according 

to the method described previously19. The volume of 

collagen type II and CFA were calculated in a ratio of 

1:1. Even though 50 µL of emulsion is required per 

mouse, extra must be made owing to both losses during 

processing and the dead space in the syringes during 

injection. 
 

Induction of arthritis and treatment: 

40 male BALB/c mice (20-25 gm) between 9-12 weeks 

old were used for this study. They were housed in 

controlled environment with standard diet and water 

according to the guidelines provided by UniKL Animal 

Ethics Committee (Fyp/Aec/Mestech-Unikl/2016/15). 

The mice were induced with collagen type II emulsion 

and CFA and divided into separate groups. Slowly 50 

µL of collagen type II emulsion and CFA were injected 

subcutaneously on the hind limb of the mice. After 21 

days, second injection was given with the same volume 

as the first injection. The first injection was given to 

suppress the immune system, while the second injection 

was given to induce arthritis and allows neutrophil 

infiltration in the knee joints of the animals11, 20. 
 

The first and second group of mice was treated with 

Eucheuma cottonii and Nigella sativa extracts 

respectively, at 200 mg/kg of body weight orally once in 

a day21,22. The third group is the positive control group 

and was treated with 0.5 mg/kg of betamethasone daily. 

The fourth group represents the negative control and no 

treatment was given. 
 

Grading of histological inflammation: 

The mice were evaluated on the first day and the last day 

(22nd day) for arthritic incidence. Each paw was 

evaluated and scored individually on a scale of 0 to 4, 

with 4 indicating the most severe inflammation11. Table 

1 describes the severity score based on the degree of 

inflammation. 
 

Table 1: The scale for severity scores in collagen-induced arthritis 

mice based on the degree of inflammatory reactions 
Severity 

score 

Degree of inflammation 

0 
1 

2 

3 
4 

Normal 
Swelling of one group of the joint (wrist or ankle) 

Two groups of swelling joints 

Three groups of swollen joints 
Swelling of entire paw 

 

Grading of neutrophil infiltration: 

The mice were sacrificed on the 22nd day and the hind 

limbs were taken for assessment. The bones in the hind 

limbs were decalcified and fixated according to the 

previous method23. The specimens were then prepared 

for staining and histological analysis as described 

previously24. Each of the specimens was observed under 

the microscope to identify neutrophil infiltrations. The 
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neutrophil infiltration was recorded according to the 

histological activity index as describes in Table 225. 
 

Table 2: The scales for inflammatory activity scores in collagen-

induced arthritis mice based on histological characteristics of 

neutrophils infiltration 

Inflammatory 

activity 

Score Histological characteristics 

Inactive / normal 
 

Mildly active 

 
 

Moderately active 

 
 

Severely active 

0 
 

1 

 
 

2 

 
 

3 

No epithelial infiltration by 
neutrophils  

Neutrophil infiltration of <50% of 

sampled cross sections, no ulcers 
or erosions  

Neutrophil infiltration of ≥50% of 

sampled cross sections, no ulcers 
or erosions  

Erosion or ulceration, irrespective 

of other features 
 

Statistical analysis: 

The statistical analysis performed includes normality 

test with a correlation of 98%. The results recorded were 

presented as mean ± Standard Error Mean (S.E.M.). The 

data was analyzed using one-way ANOVA with post 

hoc corrected t-test for significant differences among the 

different groups. The differences among the groups were 

considered to be significant at p<0.05. 
 

RESULTS: 
Inflammation severity score: 

Inflammation scoring was performed on the 22nd day of 

the experiment before the mice were sacrificed. Each of 

the knee joints of the mice were assessed and graded 

based on the severity score in Table 1. Both groups of 

mice treated with Eucheuma cottonii and Nigella sativa 

extracts presented a substantial reduction in 

inflammatory reactions with severity score of 1.6 ± 0.24 

than the negative control group (severity score of 3.4 ± 

0.24).Fig. 1 shows the severity score in the knee joints 

of the mice. As a result of inflammation induced by the 

collagen emulsion, mice in the negative control group 

exhibited the most noticeable increase in inflammatory 

reaction. Eucheuma cottonii and Nigella sativa treated 

mice showed mild inflammation which is comparable to 

the outcomes for the positive control group (severity 

score of 1.2 ± 0.2). 
 

 
Fig. 1: Mean severity scores of the collagen-induced arthritis mice. 

* p<0.05. 

Neutrophil infiltration score: 

The presence of neutrophil bodies were calculated 

during histopathological analysis in order to rate its 

infiltration in the knee joints of the mice (Fig. 2). The 

infiltrations were scored based on the histological 

characteristics in Table 2. The results indicate that 

neutrophil infiltrations in mice treated with Nigella 

sativa were significantly reduced (62.2 ± 14.87) as 

compared to the negative control group (103.6 ± 9.44). 

 

Fig. 3 depicts the number of neutrophils present in the 

histopathological specimens of the knee joints in the 

mice. The results demonstrates that mice treated with 

Nigella sativa extract has a lower number of neutrophil 

infiltration than the positive control group (78.6 ± 14.51) 

and significantly different as compared to the negative 

control group (p<0.05). Neutrophil infiltration in 

Eucheuma cottonii treated mice however showed no 

significant differences. 

 

 
 

 
Fig. 2: Neutrophil infiltrations (yellow arrow) in mice treated with 

(a) Nigella sativa and (b) Eucheuma cottonii. Mouse neutrophils 

have multilobed nucleus and appears in ‘U-shaped’ or ‘Ring-

shaped’ form. 
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Fig. 3: Mean neutrophil infiltration scores of the collagen-induced 

arthritis mice. *p<0.05. 
 

DISCUSSION: 
RA is a disease that can affect the health and life of a 

person who is suffering from the chronic joints 

damage26,27. During autoimmune incidence in RA 

patients, T cell lymphocytes are activated and proliferate 

to secrete cytokines1,28. Cytokines then stimulates the 

macrophage. Activated macrophages in the synovial 

joints will involve in the activation of inflammatory 

cells, cell contact and overexpression MHC Class II 

molecules. The progression and persistence of acute or 

chronic state of inflammation is mediated by a mediator 

that secreted by inflammatory cells and this can cause 

fluid accumulation in the synovium29,30. 

 

Natural plant based treatments have a wide-ranging 

biological activity and its molecular targets are not well 

defined31, 32. In this study, mice treated with Nigella 

sativa exhibited swelling which is confined to the 

tarsal/ankle joints or swelling that extended from the 

ankle to the tarsal area. This suggests that Nigella sativa 

extract can reduce the fluid accumulation in the synovial 

joints and reduce inflammatory reactions in collagen-

induced arthritis model. In chronic state of 

inflammation, there are more neutrophils that have 

infiltrated the synovial joints33,34. The index of 

neutrophil infiltration in synovial joints is correlated 

with the number of neutrophil presents in the tissues. 

Low number of neutrophil counts after Nigella sativa 

treatment means the extracts could also reduce 

neutrophil infiltration in the synovial joints. It is 

believed that the presence of thymoquinone in Nigella 

sativa extracts can inhibit both, cyclooxygenase (COX) 

and lipoxygenase, the two main enzymes that can 

mediate inflammation9, 35. 

 

Eucheuma cottonii has shown to be a potential anti-

inflammatory, anti-histamine and antioxidants source. 

Lectins, the active components found in Eucheuma 

cottonii is believed to have an anti-inflammatory 

properties36. Although mice treated with Eucheuma 

cottonii extracts showed slightly high neutrophil 

infiltration counts, the inflammation severity scores 

based on the swelling of the knee joints were evidently 

smaller. This effect could be due to the solvent used for 

the extraction process. The aqueous extract of 

Eucheuma cottonii has low active components than 

other solvents used for extraction6. In the normal 

condition, the volume of synovial fluid varies from joint 

to joint. When inflammation occurs, the vascular 

permeability and synovial membrane permeability will 

be altered and the protein content changes in diseased 

synovial fluid. 
 

CONCLUSION: 
The present study indicates that Nigella sativa has the 

ability to reduce inflammation and the severity of 

collagen-induced arthritis in mice with comparable 

results to the positive control group. On the other hand, 

Eucheuma cottonii shows some potential to lessen 

inflammatory reactions in the animals albeit not as 

effective as Nigella sativa treatment. The anti-

inflammatory properties demonstrated in this study 

could be attributed to the presence of active compounds 

such as thymoquinone in Nigella sativa; and terpenes 

and peptides in Eucheuma cottonii. This finding 

suggests that effectiveness of the extracts might be due 

to the intervention along inflammatory mediators by the 

active compounds. Thus, it can be implicated that the 

extracts particularly Nigella sativa seeds have the 

capabilities to reduce inflammation in the collagen-

induced arthritis animal model. 

 

ACKNOWLEDGEMENT: 
The authors gratefully acknowledged Universiti Kuala 

Lumpur (UniKL) and the Final Year Project research 

program for providing financial support. 

 

CONFLICT OF INTEREST: 
The authors declare no conflict of interest. 

 

REFERENCES: 
1. McInnes IB, Schett G. The pathogenesis of rheumatoid arthritis. 

New England Journal of Medicine. 2011; 365(23): 2205-2219. 

2. Brooks PM. Rheumatoid arthritis: aetiology and clinical features. 

Medicine. 2006; 34(10): 379-382. 
3. Zahidah AF, Faizah O, Aqilah KN, Anna KT. Curcumin as an 

anti-arthritic agent in collagen-induced arthritic Sprague-Dawley 

rats. Sains Malaysiana. 2012; 41(5): 591-5. 
4. Zakaria ZA, Reezal I, Mat Jais AM, Somchit MN, Sulaiman MR, 

Marmin AH, Sidek H, Husin SH, Rahim MH, Abdul Rahman L. 

The anti-inflammatory, anti-pyretic and wound healing activities 
of Cocos nucifera L.(MATAG types) fresh juice and kernel 

extract in experimental animals. Journal of Pharmacology and 

Toxicology. 2006; 1: 516-526. 

5. Rooney BK, Silman AJ. Epidemiology of the rheumatic diseases. 

Current Opinion in Rheumatology. 1999; 11(2): 91-97. 

6. Ling AL, Yasir SM, Matanjun P, Bakar MF. Antioxidant activity, 
total phenolic and flavonoid contents of selected commercial 

seaweeds of Sabah, Malaysia. International Journal of 



Research J. Pharm. and Tech. 13(3): March 2020 
 

 

 1323 

Pharmaceutical and Phytopharmacological Research. 2014; 3(3): 
234-238. 

7. Michalak I, Chojnacka K. Algae as production systems of 

bioactive compounds. Engineering in Life Sciences. 2015; 15(2): 
160-176. 

8. Mahmoudvand H, Tavakoli R, Sharififar F, Minaie K, Ezatpour B, 

Jahanbakhsh S, Sharifi I. Leishmanicidal and cytotoxic activities 
of Nigella sativa and its active principle, thymoquinone. 

Pharmaceutical Biology. 2015; 53(7): 1052-1057. 

9. Zakaria A, Jais MR, Ishak R. Analgesic properties of Nigella 
sativa and Eucheuma cottonii extracts. Journal of Natural Science, 

Biology, and Medicine. 2018; 9(1): 23-26. 

10. Prashant T, Susmita J, Swaroop S, Pratap KS. Nigella sativa: 
phytochemistry, pharmacology and its therapeutic potential. 

Research Journal of Pharmacy and Technology. 2019; 12(7): 

3111-3116. 
11. Brand DD, Latham KA, Rosloniec EF. Collagen-induced arthritis. 

Nature Protocols. 2007; 2(5): 1269. 

12. Campbell IK, Hamilton JA, Wicks IP. Collagen‐induced arthritis 
in C57BL/6 (H‐2b) mice: new insights into an important disease 

model of rheumatoid arthritis. European Journal of Immunology. 

2000; 30(6): 1568-1575. 
13. Kulkarni-Almeida A, Shah M, Jadhav M, Hegde B, Trivedi J, 

Mishra PD, Mahajan GB, Dadarkar S, Gupte R, Dagia N. A semi-
synthetic natural product blocks collagen induced arthritis by 

preferentially suppressing the production of IL-6. International 

Immunopharmacology. 2016; 33: 63-69. 
14. Ghanshyam D, Trilochan S, Amit R. Animal models for 

inflammation: A review. Asian Journal of Pharmaceutical 

Research. 2013; 3(4): 207-212. 
15. Anyanji VU, Mustapha NM, Lim SL, Mohamed S. Seaweed 

(Eucheuma cottonii) reduced inflammation, mucin synthesis, 

eosinophil infiltration and MMP-9 expressions in asthma-induced 
rats compared to Loratadine. Journal of Functional Foods. 2015; 

19: 710-722. 

16. Al-Ghamdi MS. The anti-inflammatory, analgesic and antipyretic 
activity of Nigella sativa. Journal of Ethnopharmacology. 2001; 

76(1): 45-48. 

17. Mrityunjoy M, Arnab S, Amitava R. Study of wound healing 
activity of different formulations of Nigella sativa seed extract. 

Research Journal of Pharmacy and Technology. 2016; 9(12): 

2097-2105. 
18. Vázquez AI, Sánchez CM, Delgado NG, Alfonso AM, Ortega YS, 

Sánchez HC. Anti-inflammatory and analgesic activities of red 

seaweed Dichotomaria obtusata. Brazilian Journal of 
Pharmaceutical Sciences. 2011; 47(1): 111-118. 

19. Ishak R. Calpain-1: Investigating its role in murine neutrophils. 

Doctoral dissertation, Cardiff University. 2012. 

20. Narlapati J. Effect and comparison of aceclofenac sodium and 

diazepam against carrageenan induced inflammation in swiss 

albino mice. Research Journal Pharmacology and 
Pharmacodynamics. 2018; 10(2): 61-65. 

21. Musa D, Senocak G, Borazan G, Altas M, Ozgonul A, Sogut O, 

Emin Güldür M. Effects of Nigella sativa and albendazole alone 
and in combination in Toxocara canis infected mice. JPMA-

Journal of the Pakistan Medical Association. 2011; 61(9): 866-

870. 
22. Wardani G, Farida N, Andayani R, Kuntoro M, Sudjarwo SA. The 

potency of red seaweed (Eucheuma cottonii) extracts as 

hepatoprotector on lead acetate-induced hepatotoxicity in mice. 
Pharmacognosy research. 2017; 9(3): 282-286. 

23. Bruce-Gregorios J. Histophatologic Techniques. Goodwill 

Trading Co., Inc. 2006. 
24. Suckow MA, Weisbroth SH, Franklin CL, editors. The laboratory 

rat. Elsevier Inc. 2005. 

25. Gupta RB, Harpaz N, Itzkowitz S, Hossain S, Matula S, 
Kornbluth A, Bodian C, Ullman T. Histologic inflammation is a 

risk factor for progression to colorectal neoplasia in ulcerative 

colitis: a cohort study. Gastroenterology. 2007; 133(4): 1099-
1105. 

26. Rindfleisch JA, Muller D. Diagnosis and management of 
rheumatoid arthritis. American Family Physician. 2005; 72(6): 

1037-1047. 

27. Monika Gaba, Punam Gaba, Sarbjot Singh, Neelima Dhingra. 
Inhibition of LFA-1/ICAM-1 interaction: A therapeutic strategy 

for surmounting inflammation. Asian Journal of Pharmaceutical 

Research. 2015; 5(1): 37-47. 
28. Sahithi A, Kumar SS. Association of neutrophil/lymphocyte (N/L) 

ratio and spatial and verbal memory in females. Research Journal 

of Pharmacy and Technology. 2018; 11(12): 5337-5339. 
29. Ragheb A, Attia A, Eldin WS, Elbarbry F, Gazarin S, Shoker A. 

The protective effect of thymoquinone, an anti-oxidant and anti-

inflammatory agent, against renal injury: a review. Saudi Journal 
of Kidney Diseases and Transplantation. 2009; 20(5): 741-752. 

30. Rasha HA, Hanady SA. Evaluation of hesperidin protective effect 

on lipopolysaccharide-induced inflammation and lipid 
peroxidation in BALB/c male mice. Research Journal of 

Pharmacy and Technology. 2018; 11(12): 5369-5372. 

31. Ishak R, Abu IF, Lajis HM, Ambia KM, Noah RM. Effects of 
Cassia alata treatment towards cardiovascular oxidative stress in 

hyperglycemic rats. International Journal of Pharmaceutical 

Sciences Review and Research. 2015; 34(2): 254-258. 
32. Ashish KN, Jhakeshwar P, Trilochan S. A review on 

ethnopharmacological approaches to wound healing and curative 
progression. Research Journal of Pharmacology and 

Pharmacodynamics. 2019; 11(1): 37-45. 

33. Campo GM, Avenoso A, Campo S, Ferlazzo AM, Altavilla D, 
Calatroni A. Efficacy of treatment with glycosaminoglycans on 

experimental collagen-induced arthritis in rats. Arthritis Research 

and Therapy. 2003; 5(3): R122. 
34. Vivek KB, Irchhaiya R, Shashi A. Antiarthritic activity of some 

indigenous plants. Research Journal of Pharmacognosy and 

Phytochemistry. 2012; 4(3): 152-157 
35. Karankumar VB, Amit P. Corticosteroids and way of 

inflammation. Research Journal of Pharmacology and 

Pharmacodynamics. 2012; 4(1): 45-54. 
36. Holdt SL, Kraan S. Bioactive compounds in seaweed: functional 

food applications and legislation. Journal of Applied Phycology. 

2011; 23(3): 543-597. 
 

View publication statsView publication stats

https://www.researchgate.net/publication/340834959

