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Abstract 

This study aimed to estimate the ant-arthritic activity of Capparis spinosa L. roots 

extract in complete Freund’s adjuvant (CFA)-induced arthritis mice by assessment 

of paw thickness, serological detection of inflammatory markers [rheumatoid 

factor (RF) and tumor necrosis factor-alpha (TNF-)] using ELISA, and histo-

pathology. In total, 30 male mice were selected, prepared, and divided equally into 

five groups, including 2 control (NC and PC)and 3 experimental: EG1 (arthritis 

mice treated total effective dose of extract), EG2(arthritis mice treated total ef-

fective dose of Diclofenac Sodium), and EG3 (arthritis mice treated a half effective 

dose of each the extract and Diclofenac). Clinically, the extract administration 

lowered the paw thickness from day 7th onwards, the 21st day of study, while the 

extract administration lowered the paw thickness in EG1 from day 7th onwards 

compared to EG2 and EG3. For hematology, significant decreases were reported in 

RBCs, HCT, Hb, WBCs and neutrophils due to arthritis, and significant amelio-

ration was seen obviously in mice of EG1 as a result of therapy. Significant in-

creases in platelets, lymphocytes and monocytes were observed in PC and ex-

perimentally groups, significantly improving the values of treated groups due to 

therapy, in particular, EG1. All study groups ' values of MCV, MCH, MCHC, 

basophils and eosinophils have differed insignificantly. Concerning RF, the 

highest significant value was reported in PC while the lowest in NC, but without 

significant differences between EG1, EG2 and EG3 values. For TNF-, elevation 

had been recorded in PC mice, whereas reduction in NC, EG1 and EG3. Also, the 

value of EG2 was significantly higher than recorded in mice of EG1 and EG3. 

Concerning histology, the findings of EG1 revealed a significant amelioration 

compared to other groups. In conclusion, C. spinosa L. root extract demonstrated 

anti-inflammatory and anti-arthritic activity. Furthermore, studies to detect the 

therapeutic effects of the root extract on other systemic or local diseases are 

needed. 
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Introduction 

Arthritis is derived from the Greek word for "joint disease" and is defined as acute 
or chronic inflammation of the joints, often with pain and structural damage 1. The 
disease can range from autoimmune processes such as rheumatoid arthritis (RA) to 
inflammations and infections 2, 3. In addition, the disease can relate to other dis-
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eases such as scleroderma, myositis, tuberculosis and celiac disease and risk fac-
tors such as immune suppression, aging, diabetes, and artificial joints 4,5,6. RA is an 
inflammatory disease manifested by the infiltration of inflammatory cells to syn-
ovial tissue with the initiation of inflammatory processes that have an essential role 
in joint deformity that result in severe joint pain and inflammation, causing joint 
dysfunction 7,8. Severe fatigue is an almost pronounced sign of RA compared to 
normal fatigue seen in people not diagnosed with RA 9. Factors associated with 
increased anxiety in RA patients, such as medical problems, psychological and 
social drawbacks, lack of lifelong activities, and loss of control of prognosis, are 
the main financial burdens of RA 10, 11. The environment can produce an-
ti-citrullinated protein antigens (ACPA) in RA, and epigenetic regulation links the 
environment with genes 12. Gene-environment interactions affect auto-antibodies 
responsiveness to the citrullinated antigen of RA 13. 
Many studies have attempted to define RA diagnostic methods in clinical practice 
to identify the actual onset of the disease better. However, there is no single di-
agnostic test for patients in the early stages of RA, and evaluation requires a 
combination of clinical features and laboratory tests 14,15,16. When looking at these 
patients, an important question is to determine what the illness is- starting with 
patients with self-restrictive illness, not those at risk of developing chronic in-
flammation or arthritis. Therefore, it referred to integrating the clinical features, 
laboratory tests, and methods for assessing the risk of chronic or irreversible RA 
patients 17,18,19. Biopsy of synovial tissue joint lesions should be a powerful tool for 
identifying early RA synovium histopathological features and quantitatively 
comparing the different types of RA synovitis 20. Despite significant advances in 
therapeutic technology, disease-modifying anti-rheumatoid drugs (DMARDs), a 
group of medications, are commonly used in people with RA 21. Corticosteroids 
and non-steroid anti-inflammatory drugs (NSAIDs) can directly target the symp-
toms and provide rapid relief but with long-term risk to the kidney, liver, and heart 
22, 23. Capparis spinosa L, belonging to the family Capparidaceae, is a tough, 
branched, bushy, leafy and small plant native to the arid desert regions of the world 
24. Worldwide, C. spinosa is used as a laxative, amenorrhea, antidote and aphro-
disiac in addition to its ability to enhance stamina and activity against rheumatism, 
cough, back pain and asthma as it contains many botanical ingredients related to 
their medicinal properties 25. Hence, the current study aimed to estimate the 
ant-arthritic activity of C. spinosa L. roots extract in adjuvant-induced arthritic 
mice by measurement of paw thickness, serological detection of inflammatory 
markers using the sandwich enzyme-linked immunosorbent assays (ELISAs) and 
investigation histopathological changes of ankle joint. 

Materials and Methods 
Ethical approval 

This study was licensed by the Scientific Committee of the Department of Physi-
ology, Biochemistry and Pharmacology in the College of Veterinary Medicine 
(University of Baghdad, Baghdad, Iraq). 

Experimental animals 

In total, 30 male mice aged 4 months and weighing 25-40 gm were purchased 
from the local market and transported to the Lab Animal House (College of Vet-
erinary Medicine, University of Wasit). Initially, all study animals were subjected 
to a preparation period of 1 week, during which they were fed a pellet, presented to 
tap water and exposed to 12 / 12 hours of light/dark. 

Preparation of C. spinosa L. roots extract 
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The roots of C. spinosa were collected from different rural areas in Wasit province 
(Figure 1a), washed, dried and ground by a grinder. The obtained dry powder 
(about 100 grams) was solved in 70% ethanol and set for extraction by the Soxhlet 
apparatus at a temperature of 45ºC 26. The extract was then filtered and dried under 
the vacuum (150 rpm / 4 hours) at 40ºC. Later, the crude extract of C. spinosa was 
concentrated in a glass petri dish by placing it in an incubator at 40ºC until the 
semi-solid, thick and dark brown crude extract appeared (Figure 1b). All dried 
extract was collected, stored in aseptic containers, and frozen at 4ºC. 
 

  

(a) (b) 

Figure 1. (a) Fresh collection of Capparis spinosa L.; (b) Concentrated C. spinosa L. roots extract. 

Study design 

The study mice were divided equally into 5 groups as follows:  

1. Negative control (NC): Mice received only distilled water. 

2. Positive control (PC): Mice injected only complete Freund’s adjuvant (CFA) 

3. EG1: Mice were injected with a single dose of CFA and then, daily, treated 
with an effective dose of C. spinosa L. roots extract (250 mg/kg BW). 

4. EG2: Mice were injected with a single dose of CFA and then, daily, treated 
with Diclofenac Sodium (0.71 mg/kg BW). 

5. EG3: Mice were injected with a single dose of CFA and treated daily with the 
half-effective dose of each C. spinosa L. roots extract (125 mg/kg BW) and 
Diclofenac Sodium (0.355 mg/kg BW). 

Measurement of paw thickness 

The study mice of all groups were subjected to measurement thickness of injected 
paw at 0, 3rd, 7th, 14th and 21st days throughout the study experiment period that 
continued for 21 days.  

Samples collection 

After the end of this period, the study mice were euthanized with chloroform and 
subjected to direct sampling of blood and tissue sectioning of the ankle joint. The 
blood samples were collected into an EDTA glass tube to measure hematological 
parameters and inflammatory markers. In contrast, the tissue specimens were 
saved into plastic containers containing 10% neutral buffered formalin (NBF). 
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Hematology  

Hematological parameters were evaluated using the automated Mythic 18 Vet 
Blood Analyser System (Orphѐe / Switzerland). 

Inflammatory markers 

According to manufacturers' instructions for the rheumatoid factor (RF) ELISA kit 

(Solarbio Life Science / China) and tumor necrosis factor-alpha (TNF-) ELISA 
kit (Solarbio Life Science / China), the sera and ELISA solutions were prepared 
and processed. After adding the Stop solution, the kits' optical density (OD) was 
measured at 450 nm, and the concentrations of inflammatory markers were de-
termined based on ODs and concentrations of the Standards of each kit. 

Histopathology  

According to Gharban et al. (2019), the fixed tissue in 10%NBF was dehydrated 
using increased ethanol concentrations, cleared by xylene, infiltrated and embed-
ded in xylene and then paraffin, sectioned by microtome (LEICA / Germany), and 
mounted while staining using the Haematoxylin and Eosin was carried out fol-
lowing the manufacturer's instruction(SYRBIO / Syria) 27. 

Statistical analysis  

The results were analyzed using the GraphPad Prism version 6.0.1 (GraphPad 
Software Inc; USA). ANOVA test was applied to detect significant variation be-
tween values of different study groups at P˂0.05. In each table, capital horizontal 
and small vertical letters referred to significant differences, and values were rep-

resented as mean  standard errors (MSE) 28, 29. 

Results 
Clinical measurement of paw thickness 

The mice of PC showed an elevation in values of paw thickness when compared to 
those of NC from the 3rd day onwards to the 21st day of study, while the extract 
administration lowered the paw thickness in EG1 from day 7th onwards as com-
pared to EG2 and EG3 (Table 1). 

 

Group Day 

0 3 7 14 21 

PC 1.68  0.01 Bb 5.52  0.11 Aa 6.51  0.08 Aa 6.2  0.17 Aa 5.78  0.18 Aa 

NC 1.70 0.02 Bb 1.71 0.04 Ac 1.70 0.03 Ad 1.70 0.04 Ad 1.70 0.06 Ad 

EG1 1.66  0.02 Cb 4.49  0.11 Ab 4.81  0.11 Ac 4.43  0.08 Ac 3.8  0.1 Bc 

EG2 1.65  0.03 Cb 4.96  0.1 Ab 5.4  0.07 Ab 5.19  0.11 Ab 4.82  0.1 Bb 

EG3 1.66  0.01 Cb 4.88  0.1 Ab 5.01  0.14 Ab 4.85  0.06 Ab 4.57  0.14 Bb 

Table 1. Results of paw thickness values (cm) among the study groups. 
Represent mean ± standard error, Number of group animals = 6, Different capital letters at same groups mean significant 
difference (p<0.05) between groups, Different small letters at same row mean significant difference (p<0.05) between 
groups. 

Hematology  

The finding of blood parameters varied significantly (P0.05), with significant 
decreases in values of RBCs, HCT, Hb, WBCs and neutrophils in PC, EG1, EG2 
and EG3 due to arthritis, and ameliorating of these values significantly as a result 
of therapy, in particular, in mice of EG1. , there was a significant increase in 
platelets, lymphocytes and monocyte values of PC and experimental groups, with 
significant improvement in values of treated groups due to therapy. In particular, 
EG1 received the total dose of C. spinosa L. roots extract. However, insignificant 
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variation (P0.05) was seen in values MCV, MCH, MCHC, basophils and eo-
sinophils between the study groups (Table 2). 

 

Parameter Unit  Group  

NC PC EG1 EG2 EG3 

RBCs '106 9.54  0.15 A 6.29  0.45 D 8.66  0.33 B 7.31  0.17 C 7.85  0.32 C 

HCT % 40.92  1 A 27.14  0.56 C 34  0.7 B 28.46  1.72 C 31.74  1.17 B 

Hb g/dl 12.04  0.34 A 7.86  0.2 D 9.86  0.23 B 8.08  0.5 C 9.24  0.34 B 

MCV fl 43  1.6 B 44.15  3.65 B 48.77  2.1 B 43.04  4.25 B 43.44  1.26 B 

MCH pg 12.65  0.53 B 12.78  1.06 B 14.11  0.59 B 12.37  1.26 B 12.62  0.37 B 

MCHC g/dl 29.41  0.15 B 28.95  0.2 B 29  0.1 B 28.71  0.17 B 29.11  0.1 B 

PLT '103 145.33  19.1 E 736 62.56 A 216.33  57.46 D 538.33  44.1 B 439  50.35 C 

WBCs '103 10.46  0.23 A 8.83  0.22 C 10.03  0.11 A 9.41  0.15 B 9.59  0.05 B 

Lymphocytes % 64.25  2.21 C 79.75  1.25 A 62.5  3.28 C 71.5  2.72 B 70  2.27 B 

Monocytes % 2  0.41 C 4.25  0.48 A 4  0.24 A 3.5  0.67 B 2.5  0.25 C 

Neutrophils % 29  1.87 A 13.25  1.38 D 25.75  1.6 B 22  3.14 C 24.5  1.85 C 

Basophils % 0.25  0.25 B 0.25  0.25 B 0.5  0.29 B 0.5  0.29 B 0.5  0.29 B 

Table 2. Results of hematology among the study groups. 
Values represent mean ± standard error, Number of group animals = 6, Different capital letters at same groups meaning a 
significant difference (p<0.05) between groups 

Inflammatory markers 

The inflammatory markers (RF and TNF-) findings demonstrated a significant 
variation in their values (Table 3). Concerning RF, the highest significant value 
was reported in PC mice, while the lowest was seen in mice of NC. However, 

insignificance was reported among EG1, EG2 and EG3. For TNF-, elevation was 
recorded in PC mice, whereas the reduction was observed in NC, EG1 and EG3. 
However, the value of EG2 was significantly higher than recorded in mice of EG1 
and EG3. 

 

Group  Marker  

RF TNF- 

NC 67.78  5.92 c 64.24  15.72 c 

PC 215.58  10.67 a 182.95  20.74 a 

EG1 109.32  20.51 b 66.78  7.4 c 

EG2 113.29  7.83 b 85.71  10.49 b 

EG3 90.89  14.16 b 78.27  5.27 c 

Table 3. Results of inflammatory markers among the study groups. 
Values represent mean ± standard error, Number of group animals = 6, Different small letters at same column meaning 
significant difference (p<0.05) between groups. 

Histopathology 

The findings observed in mice of EG1 included the proliferation of chondrocytes 
of articular cartilage with moderate cellular and subchondral marrow space (Figure 
2a), infiltration of few inflammatory cells in the dermis (Figure 2b), the 
proliferation of chondrocytes in articular cartilage with the absence of 
inflammatory reaction in synovial cavity (Figure 2c), regenerative articular 
cartilage and regular tidemark line with presence of very narrow distance between 
articular cartilage and marrow bone (Figure 2d). In mice of EG2, there was a 
moderate distance between articular cartilage and bone marrow (Figure 2e), the 
thickness of bone trabeculae and infiltration of inflammatory cells in bone marrow 
(Figure 2f), the proliferation of chondrocytes with regular tidemark (Figure 2g), 
and dead fragments of bone and sclerosis in the subchondral bone (Figure 2h). In 
mice of EG3, there was an infiltration of few inflammatory cells in the papillary 
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dermis and subcutaneous tissue (Figure 2i), marked proliferation of osteoclast that 
was lining the trabeculae (Figure 2j), marked proliferation of regular tidemark line 
with moderate thickness of subchondral bone and absence of fibrosis in bone 
marrow (Figure 2k), the narrowing distance between cartilage and bone (Figure 2 
l). 

 

(a) (b) 

 

(c) (d) 

 

(e) (f) 

 

(g) (h) 
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(i) (j) 

 

(k) (l) 

Figure 2. Histopathological section of: (a) EG1 shows proliferation of chondrocytes of articular cartilage (Blue 
arrow), (H & E stain 400X); (b) EG1 shows infiltration of few inflammatorycells in dermis (Blue arrow), (H & E 
stain 400X); (c) EG1 shows proliferation of chondrocytes in articular cartilage with absence of inflammatory re-
actionn in synovial cavity (Blue arrow), (H &E stain 400X); (d) EG1 shows regenerative articular cartilage (Black 
& Blue arrow) with presence of very narrow distance between articular cartilage and marrowbone (Green ar-
row), (H & E stain 400X); (e) EG2 shows moderate distance between articular cartilage and bone marrow (Blue 
arrow), (H & E stain 100X); (f) EG2 shows thickness bone trabeculae with inflammatory cells in bone marrow 
(Blue arrow), (H & E stain 400X); (g) EG2 shows proliferation of chondrocytes with regular tidemark (Blue ar-
row), (H & E stain 400X); (h) EG2 shows dead fragment bone and sclerosis in subchondral bone (Blue arrow), (H 
& E stain 400X); (i) EG3 shows few inflammatory cells in papillary dermis (Blue arrow), (H & E stain 400X); (j) 
EG3 shows marked proliferation of osteoclast linining the trabeculae (Blue arrow), (H & E stain 400X); (k) EG3 
mice shows marked proliferation of regular tidemark line (Black arrow) with moderate thickness of subchondral 
bone (Blue arrow), (H & E stain 400X); (l) EG3 mice shows narrowing distance between cartilage and bone (Blue 
arrow), (H & E stain 400X). 

Discussion 
Clinical data 

As detected in this study, the anti-inflammatory effect of C. spinosa L. roots 
extract was found by other studies in root [30, 31], fruits [32], buds [30] and leaves [33]. 
Other studies mentioned that the root extract could be an analgesic and 
antibacterial due to various traditional medicines' excellent economic and 
medicinal properties in many Asian and European countries such as Iran, China, 
Greece and Arabia [34, 35]. According to Syrian tradition, only powdered roots or 
"pastes" obtained by mixing powder with water are widely used for oral/topical 
application on painful areas [36]. In traditional Jordanian medicine, the root bark is 
rubbed against the painful area during burns for 15-25 minutes to relieve 
inflammation and muscle aches [37]. This ability to reduce human pain is of 
particular interest, as few natural compounds have so far been shown to be 
effective in controlling cytokine gene expression through blood mononuclear cells 
[38, 39]. Some alkaloids were also found to increase blood clotting and to reduce 
bleeding time and blood loss [36]. Various secondary metabolites such as phenol, 
free sterols and glycosylated sterols have been isolated, and their properties have 
been determined from dried roots [40, 41]. 
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Hematology 

The complete blood count is one of the most sensitive parameters for assessing the 
efficacy and toxicity of human and animal drugs since it provides crucial 
information about the body's response to injury and stress [42]. The findings of this 
study were similar to those obtained by Majeed and Esmaeel (2019) [43]. We 
suggested that arthritis may cause hemolysis, decrease hemoglobin production, 
and increase immunomodulatory activity that affects the immune response. Daily 
intakes of the extract actively restored normal blood levels, especially RBCs, HCT, 
Hb, PLT, WBC, lymphocytes, and neutrophils. Subsequently, increased RBCs, 
Hb, and PCV levels in treated groups indicated that the extract had hematopoietic 
activity. These extract effects may be associated with secondary metabolites such 
as tannins, phenols, flavonoids and alkaloids. Flavonoids reduce inflammatory 
mediators, and the malondialdehyde (MDA) level is closely related to oxidative 
stress and oxidative degradation [44]. In addition, flavonoids contain potent 
antioxidant polyphenol compounds that prevent the peroxidation of 
polyunsaturated fats in cell membranes and the formation of superoxide ions, 
peroxides, and hydroxyl radicals [45, 46]. Significant increases in platelet (PLT) 
levels have been observed by Cuenca-Zamora et al. (2020), suggesting that PLT 
can bind to a variety of inflammatory molecules present in arthritis patients [47]. 
Many studies have demonstrated the role of PLT as a critical cytokine in 
circulation and in transporting and expressing inflammatory mediators that play a 
regulatory role between hemostasis and immunity [48, 49]. Activated platelets can 
also produce micro-particles and act as a receptor for activation, ligand binding, 
and dysfunctional signaling pathways in arthritis patients [50-52]. 

Inflammatory markers 

Concerning RF, our findings were similar to those reported by other studies [53, 54]. 
Early studies of the etiology of arthritis were focused on the role of RF and 
immune complexes associated with vasculitis and synovitis [55, 56]. Subsequent 
studies identified the role of RF in increasing T cell responses and cytokines and its 
role in the severity of arthritis [57, 58]. Croatia (2019) showed that significant activity 
in reducing arthritis was evident by the significant reduction in serum RF levels 
[59]. The role of C. spinosa root extract in decreasing the level of RF may be related 
to the critical role of alkaloids and flavonoids in the production, synthesis and 
degradation of proteins such as RF. Furthermore, Lam et al. (2009) isolated a 
protein from C. spinosa, which has an inhibitory effect on RF [60]. There is strong 
evidence that TNF-α released by peripheral blood mononuclear cells (PBMCs) 
contribute to the development of the immune system against infections. In arthritis, 
the high levels of TNF-α observed in patients are active and widespread and are 
involved in mechanisms that regulate T cell inhibitory activity [61]. Our findings 
showed that the TNF-α level was increased in arthritis mice, which agrees with that 
observed by others [62-64]. As observed in EG1 of this study, various studies have 
reported the effect of C. spinosa extract in decreasing TNF-α levels in arthritis 
patients, and this effect may be attributed to the fact that roots of C. spinosa are 
rich in flavonoids that have an intense anti-inflammatory activity [40, 65, 66]. 

Histopathology 

Stimulation and destruction of immune cells, pro-inflammatory cytokines and 
other inflammatory mediators are associated with the pathogenesis of RA [67]. 
Therefore, changes in the immune response/inflammation are essential 
mechanisms explaining the true incidence of RA lesions, as shown in various 
publications and experimental studies of co-arthritis models [65, 68, 69]. Frasnelli et 
al. (2005) have assessed the severity of histological signs of arthritis, reporting that 
infiltration of inflammatory cells at day 8 indicates cartilage deterioration [70]. 
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El-Tanbouly and Abdelrahman (2022) found that arthritis and related symptoms 
are associated with the signs of synovial hyperplasia and cartilage, bone 
destruction, inflammation, and increased vascularity in the synovial membrane [54]. 
In this study, tissue sections of treated mice, especially EG1 mice, revealed a 
significant improvement in their structure, demonstrating the effect of C. spinosa 
root extract. This could be explained by the fact that this extract is rich in 
glucosinolates (glucosinolates, glucosides, myrosins, glucosinolates), flavonoids, 
phenolic acids and alkaloids which provide health benefits from a variety of 
biological properties that have different biological activities including antioxidant, 
anti-inflammatory, anti-cancer, antibacterial, anti-mutagenic, and antidiabetic 
properties [71-74]. Interestingly, C. spinosa is safe and has no scientific evidence of 
side effects or toxicity. Based on the composition of the active ingredient of C. 
spinosa, it is believed that it may have potential protective effects against oxidative 
stress, genotoxicity and cytotoxicity in animal models [34, 75, 76]. 

Conclusions 

This study demonstrated the anti-arthritic effects of C. spinosa L. roots extract in 
vivo and justified using this extract as an anti-inflammatory and anti-arthritic crude 
drug. This is the first study that detected the association of C. spinosa L. root ex-
tract and RF. Histological examination of the tissue section revealed that C. spi-
nosa L. roots extract could effectively treat the injured tissues caused by arthritis, 
suggesting its activity in medication for other health problems and injuries. 
Therefore, further studies are needed to detect the therapeutic effects of C. spinosa 
L. root extract on other systemic or local diseases. Also, therapeutic effects of 
other C. spinosa L. parts, such as leaves and seeds, should be aimed. 
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