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INTRODUCTION 

 

Pantoprazole is a proton pump inhibitor (PPI) that is widely prescribed as the ideal treatment for many gastrointestinal problems 

as gastro-esophageal reflux, peptic ulcer and gastritis induced by helicobacter pylori (Yurtsever et al., 2011). PPIs are potent 

gastric H
+

, K
+
- ATPase inhibitors that decrease the release of hydrochloric acid and increase the PH of stomach [O’Connell et al., 

2005]. This affects calcium homeostasis through decreasing its absorption. So, PPIs reduce the serum calcium concentration and 

so the bone mineral density disturbing the trabecular microstructure (Joo et al., 2013). Osteoarthritis (OA) is a destructive disorder 

of the joints that is characterized by degeneration of articular cartilage, synovitis, and altered subchondral bone (Bijlsma et al., 

2011). It may be caused by many acquired factors as obesity, metabolic diseases and impaired calcium homiostasis [Felson et al., 

2000]. Low serum calcium concentration may act as a risk factor for the development of OA (Li et al., 2016).   The triggering 

factors for chondrocytes degeneration include cytokines (as interleukins) and reactive oxygen species (as nitric oxide) [Loeser, 

2006). These factors stimulate the production of matrix proteolytic enzymes as matrix metalloproteinases, leading to the cartilage 

damage. In attempt to stop this process, the chondrocytes release the growth factors as insulin-like growth factor 1 and 

transforming growth factor β (TGF β)  that serve to inhibit the production of proteolytic enzymes (Kizawa et al., 2005 & Xia et 

al., 2014). Eruca sativa is the commonly used palatable plant which is rich in many minerals as calcium, iron and potassium. 

Moreover, this plant contains many bioactive ingredients that have antioxidant and anti-inflammatory effects (Matev et al., 2018). 

Abstract 
 
Background: proton pump inhibitors, the widely used drugs to treat many gastrointestinal problems that could adversely 
cause osteoarthritis. The eruca sativa plant has anti-inflammatory and antioxidant properties; moreover, it is rich in 
calcium and potassium. So eruca sativa seeds’ extract may protect or treat the osteoarthritis that is induced by 
pantoprazole.  Objectives: the aim of this work was to study, for the first time, the effects of eruca sativa in the protection 
and treatment of rat osteoarthritis that was induced by the proton pump inhibitor; pantoprazol. Methods: sixty adult male 
rats were used and divided into five groups; Group I: included twenty rats and was further subdivided into two subgroups, 
Group II: (Eruca treated group) included ten rats, Group III: (Proton pump inhibitor group) included ten rats that received 
oral treatment of pantoprazole in an oral dose of 1.3 mg /kg dissolved in 1ml phosphate –buffered saline by gastric tube 
once daily for 4 weeks. Group IV: (Protected group) included ten rats received Eruca sativa seeds extract daily for 4 weeks 
and pantoprazole daily for 4 weeks started from 2nd day of the experiment. Group V (Treated group): included ten rats 
received pantoprazole once daily for 4 weeks followed by a daily oral dose of Eruca sativa seeds extract for 4 weeks. At the 
end of experiment, the rats’ knee joints were subjected to histological, immunohistochemical and morphometric analyses. 
Results: regarding the histological, immunohistochemical and morphometric studies; eruca sativa significantly protected 
the knee joint from the damaging effects of pantoprazole with non-significant improvement when it was used as a 
treatment. Conclusion: Eruca sativa could be considered as good protective agent againt osteoarthritis caused by proton 
pump inhibitor, this was owed to eruca’s pharmaceutical ingredients. 
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The aim of this work was to study, for the first time, the effects of eruca sativa in the protection and treatment of rat osteoarthritis 

that was induced by the proton pump inhibitor; pantoprazol.  

      

MATERIALS AND METHODS 

 

Materials 

Eruca sativa seeds’ extract (SE) 

Eruca sativa seeds were purchased from the Chemistry Department, Agricultural Research Center, Cairo, Egypt. They were 

soaked in 95% ethanol in an incubator shaker (150 rpm) at 30°C for two days. The extract will be concentrated using a rotatory 

evaporator to yield the dried ethanolic extract, then the ethanolic extract was converted to powder using lypholizer (Abdel-

Rahman et al., 2015). 

 

Animals & experimental design 

Sixty  adult  males  albino  rats  were  used  in  this  study  weighing  from  150-200 gm. They  were  housed  in separate  cages 

under  standardized  conditions, fed  on  standard  diet and  water in Anatomy and Embryology Department, Faculty of Medicine, 

Menoufia University, according to the  guidelines recommended  by  ethical  committee for animal research. 

 

The animals were divided into 5 groups as follow 

Group I (control group):  included twenty rats and subdivided equally into 2 subgroups as follows:  

Subgroup IA: was kept without any treatment throughout the experimental period.  

Subgroup IB: received 0.9% NACL for 4 weeks. 

Group II (Eruca treated group):   included   ten   rats received Eruca sativa seeds extract in an oral dose of 500 mg/ kg 

dissolved in 1 ml distilled water by gastric tube once daily for 4 weeks. 

Group III: (Proton pump inhibitor group):  included ten rats received pantoprazole in an oral dose of 1.3 mg /kg dissolved in 

1ml phosphate –buffered saline by gastric tube once daily for 4 weeks. 

Group IV (Protected group): included ten rats received an oral dose of 500 mg/kg /day of Eruca sativa seeds extract dissolved in 

1 ml distilled water by gastric tube once daily for 4 weeks and given pantoprazole 1.3 mg /kg dissolved in 1 ml phosphate –

buffered saline by gastric tube once daily for 4 weeks started from 2
nd

 day of the experiment. 

Group V (Treated group): included ten rats received pantoprazole 1.3 mg /kg dissolved in 1 ml phosphate –buffered saline by 

gastric tube once daily for 4 weeks followed by a daily oral dose of 500 mg/kg of Eruca sativa seeds extract for 4 weeks. 

All rats were sacrificed after 8 weeks from the onset of the experiment; the knee joints were carefully dissected, fixed in 10% 

formalin for 24 hours, decalcified in 20% EDTA solution for 21 days and then embedded in paraffin wax; dehydration was carried 

out in ascending grades of alcohol.  The cleaning was done by xylol followed by impregnation in soft then hard paraffin to form 

paraffin blocks. These blocks were sectioned in the sagittal plane at 4-6 µm in thickness by microtome [Saito et al., 2017] and   

processed for histological and immunohistochemical studies. 

 

I- Histological study 

1. Hematoxyline & eosin stain. 

2. Toludine blue stain. 

II- Immunohistochemical studies:  for detection of the immunoreactivity of inducible nitric oxide synthase (iNOS), matrix 

metalloproteinase 2 (MMP 2) and transforming growth factor – beta (Tgf- β). The sections were deparaffinized, rehydrated, and 

after antigen retrieval with 10m mol/l citrate acid solution (pH 6),  the specimens were preincubated with goat serum for 5 min 

and were then incubated overnight at 4°C with anti iNOS (Abcam, 178945), anti MMP2 (Abcam, 37150) and anti TGF-β (Abcam, 

92486) (Working dilution 1:500). Binding was detected using biotinylated secondary antibody (goat anti-mouse IgG; Sigma 

Aldrich) for 10 min. The specimens were then incubated with streptavidin-peroxidase complex for 5 min, followed by incubation 

with 3, 3 -diaminobenzidinetetrahydrochloride (DAB; Sigma Aldrich) for 3 min. Slides were counterstained with hematoxylin and 

mounted.  

 

Morphometric study 

Data were obtained from five different sections from each rat of all subgroups were examined using image J analyzer software 

program to determine:  

1- The number of chondrocytes of cartilage in H & E stained sections.  

2- Color intensity in toluidine blue stained sections. 

3- Total number and percentage of immune positive cells in bone and cartilage respectively of immunohistochemical stained 

sections.  

 

Statistical analysis  

Data obtained from morphometric study was subjected to statistical analysis using SPSS software version 20 (SPSS, Inc., 

Chicago, IL, USA). Data was presented as mean ± standard deviation. Differences among the study groups were detected by using 

U mann whitney-test. The results were considered statistically significant with p < 0.05 (Mould, 1999). 

Results: 



116 
Citation: Noha Mohey Issa, et al., Does Eruca Sativa Protect or Ameliorate the Rat Osteoarthritis Induced by Pantoprazol?. Australian Journal of Basic and 

Applied Sciences, 13(9): 114-121. DOI: 10.22587/ajbas.2019.13.9.11 
 
There was no significant difference between the subgroups IA, B & group II in all results; therefore, both groups I & II were 

considered as a control group.  

 

HISTOLOGICAL STUDY 

  

Haematoxylin and Eosin (H&E) stain 

The knee joint of the animals in control group showed normal organization of articular cartilage with regular smooth surface.  

Chondrocytes arranged in calcified and non-calcified regions that were separated by clear intact tidemark.  The subchondral bone 

appeared with network of trabeculae that were lined by osteocytes, fixed to overlying articular cartilage by bony spicules at  

osteochondral junction and the marrow cavities filled with blood forming elements. The knee’s articular cartilage of PPI animals 

showed extended cracks, marked disturbance in the articular surface and the tidemark. On the other hand, the animals of protected 

and treated groups retained the normal organization except partial disturbance of the tidemark, small cysts in the articular cartilage 

and subchondral bone [Figures 1 & 3].  

Regarding the number of chondrocytes in the articular cartilage, the PPI group showed significant decrease in the number of 

chondrocytes as compared to the control group. The protected group showed significant increase in the number of chondrocytes as 

compared to the PPI group [Figure 2].  

  

 
Figure 1: photomicrographs of H&E. stained knee joint sections (X 20) from rats of different groups show: 

a: The articular cartilage of control group shows regular surface (black arrow), its chondrocytes are flat in tangential (red arrow)  

zone, rounded in transitional (yellow arrow) and radial (green arrow) zones of non-calcified cartilage. Also, they are present in 

nests in calcified zone below intact tidemark (white arrow) with normal bony spicules (yellow curved arrow). 

b: The articular cartilage of PPI group shows marked disturbed surface (double headed arrow)and tidemark (black arrow head). 

Notice:  the debris (red star) on the surface and cracks (green curved arrow) of the cartilage that extend to separate the bony 

specules. 

C & d: The articular cartilage of protected and treated groups shows regular surface (black arrow) and partially disturbed tidemark 

(black arrow head). Also small cysts (green star) appear in the articular cartilage and the subchondral bone. 
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Figure 2: Representative H & E. stained knee joint sections (X 40) from rats of different groups: 

b: The irregular surface (double headed arrow), the cystic degeneration (green star), the cracks (curved arrow) and the disturbed 

arrangement of chondrocytes are present in the articular cartilage of PPI group.  

b, c & d: Some chondrocytes (blue arrow head) have degenerated nuclei together with the capsule. Others (green arrow head) have 

eccentric nuclei and partially lost capsule.  

e: In the statistical analysis the number of chondrocytes is significantly decreased (*p) in PPI group  as compared to the control 

group. On the other hand, it is significantly increased (  p) in the protected group as compared to the PPI group.  (Foot note: *p &  

 p < 0.05) 

 

 
Figure 3: Representative H & E. stained knee joint sections (X 40) from rats of different groups: 

a: The bony trabeculae of control group appear as regular network (green arrows) lined by osteocytes (red arrow head) and 

separated by bone marrow cavities filled with blood forming bony elements (green star). 

b: The bony trabeculae of PPI group show cracks (green arrow head) and fragmentation. The bone marrow cavities contain 

abnormal granulation tissue (yellow arrow head) in-between the blood elements. 
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c & d: The trabeculae of protected group are more or less normal while the trabeculae of treated group show minimal cracks 

(green arrow head) and remodeling (yellow star). Both groups show minimal granulation tissue (yellow arrow head) in the 

marrow cavities.  

 

Toluidine blue stain 

The knee joint sections of control group showed dark blue staining of the articular cartilages denoting the presence of 

proteoglycan that was produced by the normal functioning chondrocytes. The articular cartilage of PPI group showed significant 

decrease in the color intensity as compared to the control group denoting decreased number of functioning chondrocytes. The 

articular cartilage of protected group showed significant increase in the color intensity of toluidine blue stain as compared to that 

of PPI group due to the restoration of the functioning chondrocytes, while the articular cartilage of treated group showed non-

significant increase in the color intensity of toluidine blue stain as compared to that of PPI group [Figure 4]. 

 

 
Figure 4: Representative toluidine blue stained knee joint sections (X 40) from rats of different groups: The articular cartilage of 

control group (a) shows dark blue staining of proteoglycan produced by the functioning chondrocytes. The color intensity is 

significantly decreased (*p) in PPI group (b) as compared to the control group. On the other hand, it is significantly increased (  p) 

in the protected group (c) as compared to the PPI group.  (Foot note: *p &      p < 0.05)  

 

Immunohistochemical studies:  
The knee joint sections of PPI group showed significant increase in the percentage of positively reacting chondrocytes for iNOS, 

MMP2 & TGF- β immunostaining in the articular cartilage as compared to the control group. The knee joint sections of protected 

group showed significant decrease in the percentage of positively reacting chondrocytes for iNOS, MMP2 & TGF- β 

immunostaining in the articular cartilage as compared to the PPI group [Figure 5]. 

The knee joint sections of PPI group showed significant increase in the number of positively reacting cells for iNOS, MMP2 & 

TGF- β immunostaining in the subchondral bone as compared to the control group. The knee joint sections of protected group 

showed significant decrease in the number of positively reacting cells for iNOS, MMP2 & TGF- β immunostaining in the 

subchondral bone as compared to the PPI group [Figure 6]. 

The knee joint sections of treated group showed non-significant derease in the percentage and number of positively reacting cells 

for iNOS, MMP2 & TGF- β immunostaining in the articular cartilage & subchondral bone respectively as compared to the PPI 

group [Figures 5& 6]. 
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Figure 5: Representative expression of iNOS, MMP2 & TGF-β immunostaining in the knee joint sections (X 40) from rats of 

different groups: The chondrocytes of control group articular cartilage shows minimal expression of iNOS (a1), MMP2 (a2) & 

TGF-β (a3). The articular cartilage of PPI group shows significant up- regulation in the percentage of iNOS (b1), MMP2 (b2) & 

TGF- β (b3) positively reacting chondrocytes as compared to the control group. The articular cartilage of protected group shows 

significant down - regulation in the percentage of iNOS (c1), MMP2 (c2) & TGF- β (c3) positively reacting chondrocytes as 

compared to the PPI group. 

 (The counter stain is haematoxyline, 
*
p & 

#
p < 0.05, 

**
p & 

##
p < 0.001) 

   

 
Figure 6: Representative expression of iNOS, MMP2 & TGF-β immunostaining in the knee joint sections (X 40) from rats of 

different groups: The subchondral bone of control group shows minimal expression of iNOS (a1), MMP2 (a2) & TGF-β (a3). The 

subchondral bone of PPI group shows significant up- regulation in the number of iNOS (b1), MMP2 (b2) & TGF- β (b3) 

positively reacting cells as compared to the control group. The subchondral bone of protected group shows significant down - 

regulation in the number of iNOS (c1), MMP2 (c2) & TGF- β (c3) positively reacting cells as compared to the PPI group. 

 (The counter stain is haematoxyline, 
*
p & 

#
p < 0.05%, 

**
p & 

##
p < 0.001)   
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DISCUSSION 

 

The health hazards and marked side effects of the synthetic medication have directed the researchers to detect natural products 

with few side effects that could play an important role in fighting diseases (Ghorbel, 2015). So, the present study was designed to 

detect the role of eruca sativa on the osteoarthritic side effect of proton pump inhibitor (PPI) that widely used all over the world 

and it is the 1
st
 study to describe this role.   

The histopathological changes, detected by H & E study of the PPI group in the current work, revealed that there were marked 

disturbance in the surface of articular cartilage and extended cracks. Chondrocytes appeared with fragmented nuclei. The tidemark 

was not detected. Separated bony spicules and fragmented trabeculae were also seen. The bone marrow cavities contained 

abnormal granulation tissue in-between the blood forming elements.  

These findings might be explained by that PPI disturbed the internal phenomena and metabolic pathways within chondrocytes 

which caused cellular death and also might be due to decrease in the blood supply reaching the articular cartilage by diffusion 

through bony spicules of the subchondral bone as the vessels of subchondral bone responsible for nutrition of articular cartilage as 

mentioned by Roemer et al., (2010). Moreover, the subchondral bone fragmentation might be due to the PPI effect on calcium 

metabolism in the subchondral bone (Joo et al., 2013 & Li et al., 2016). 

The histopathological findings detected in PPI group were supported by the finding detected in our study which revealed a 

significant decrease of toluidine blue staining of chondrocytes, this result attributed to decreased proteoglycan production by non-

functional chondrocytes.  

Eruca sativa treatment greatly ameliorated the histopathological changes in both articular cartilage and subchondral bone. 

Articular cartilage appeared with more or less regular surface. Chondrocytes with eccentric nuclei arranged nearly normal in both 

non-calcified and calcified regions of articular cartilage with some disturbance in tidemark in-between. Subchondral bone 

arranged as network of trabecullae containing blood forming elements with minimal granulation tissue. Preserved bony spicules 

were also detected. These findings were more prominent in the protected group than in treated one and these results might be due 

to anabolic effect of eruca sativa that gave strength and health to collagen and chondrocytes of the cartilage in protected group. 

This anabolic effect might be either direct, as eruca sativa seeds have high content of calcium as mentioned by ELSadek,  (2014) 

that supported the subchondral bone, or indirect due to its antioxidant anti-inflammatory effect for further study.  

High-output of iNOS usually was detected in an oxidative environment as mentioned by Pacher et al., (2007). Oxidative stress 

plays an important role in pathogenesis of osteoarthritis as mentioned by Corpechot et al., (2005).  A significant increase of iNOS 

immunoreactivity positive cells in articular cartilage and subchondral bone of PPI group as compared to control group was noticed 

in the current study revealing increased oxidative stress in that joints.  

In our result eruca sativa produced a significant decrease of iNOS in both articular cartilage and subchondral bone. This finding 

gives an evidence that eruca sativa has an antioxidant role which may be due to an increase in the activity of antioxidant enzymes 

as mentioned by ELSadek, (2014) who revealed that eruca sativa contain potent free radical scavenging antioxidants, protect 

against oxidative damage by increasing and maintaining the levels of antioxidant enzymes. 

In addition, the present study revealed a significant increase of MMP2 immunopositive cells in PPI group.  MMP2 increased as a 

result of the breakdown of type IV collagen of articular cartilage as reported by Rose & Kooyman, (2016). A significant decrease 

of MMP 2 in both articular cartilage and subchondral bone was detected in protected group by eruca sativa. This may be due to 

the anabolic, antioxidant effects of eruca sativa seeds and the anti-inflammatory role thus interfering with articular cartilage type 

IV collagen for further research studies.  

Moreover a significant increase of TGF-β immunopositive cells in both articular cartilage and subchondral bone in PPI group 

could explain that the inflammatory process is considered one of the pathogenesis mechanisms in osteoarthritis secondary to PPI 

as reported by Marek et al., (2002) who revealed that TGF-β plays an important role in the mechanism of chronic inflammation.  

The protective role of eruca sativa in our study was revealed also by a significant decrease of TGF-β in both articular cartilage and 

subchondral bone. It might be due to the suppression of the inflammatory process in osteoarthritis by using of eruca sativa as 

declared by Jaafar & Jaafar, (2019) who mentioned that eruca sativa has anti-inflammatory effect which is mainly mediated 

through flavonoids as quercetin and isorhamnetin. So eruca sativa may be used for protection against the PPI induced 

osteoarthritis. 
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