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Abstract 
Objective: Stroke is a highly prevalent and devastating condition 
affecting millions worldwide. The Devil's Claw (DCW) plant is a 
native African plant whose anti-inflammatory, antioxidant, and 
neuroprotective properties have been investigated.  We postulated 
that DCW could protect the brain injury caused by cerebral 

ischemia. 
Materials and Methods: The rats were randomly divided into four 
groups. The sham and control (Ctrl) groups received pretreatment 
with a distilled water vehicle. Doses of 200 and 400 mg/kg were 
selected for pretreatment with DCW. The filament or intravascular 
occlusion method was used for middle cerebral artery occlusion 
(MCAO). The Triphenyl tetrazolium chloride (TTC) staining 
method was used to investigate the infarct zone and penumbra 

volume. The neuroprotective effect of DCW was measured by 
hematoxylin staining. Movement performance was evaluated from 
neurological deficit score, rotarod performance, and open field tests. 
Results:  TTC staining showed that the DCW/400 group could 
maintain the penumbra's structure and reduce the infarct volume 
compared to the Ctrl group (p<0.001). Histological studies 
confirmed the neuroprotective properties of DCW at doses of 200 

and 400 mg/kg compared to the Ctrl group (p<0.01 and p<0.0001, 
respectively). The results of behavioral tests showed an 
improvement in behavioral performance in pretreatment 400 mg/kg 
doses compare to Ctrl group (p<0.0001). 
Conclusion:  The study showed that pretreatment with DCW with 
its neuron protection potential reduces the infarct area and restores 
motor function after MCAO. 
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Introduction 
Stroke is a significant cause of death and 

disability in modern society, affecting 

many individuals yearly (Pulatov et al., 

2022; Wang et al., 2020). It results in 

significant costs to society and leads to 

lifelong disability. Unfortunately, no 

effective treatment has been found yet. 

Pathological conditions such as cerebral 

ischemia affect all neurovascular elements, 

including neurons, astrocytes, microglia, 

endothelial cells, and vascular wall cells 

(Abroumand Gholami et al., 2023; Ghazavi 

et al., 2020; McCrary et al., 2020; Shirzad 

et al., 2024). Inflammation is one of the 

main pathophysiological mechanisms of 

stroke. Activated microglia produce large 

amounts of proinflammatory cytokines, 

toxic metabolites, and enzymes. Astrocytes 

also play an important role in stroke 

inflammation (Stadler et al., 2022).  

Moreover, the reduced blood supply of 

adenosine triphosphate (ATP) to the brain 

impairs mitochondrial function, producing 

oxygen free radicals and peroxidation of 

cell membrane lipids (Azam et al., 2019). 

This condition triggers oxidative stress in 

the lesion and inflammation, resulting in 

apoptosis and inflammatory responses 

(Ciancarelli et al., 2022). These are often 

associated with a blood-brain barrier (BBB) 

disorder, followed by cerebral edema 

(Ciancarelli et al., 2022; Jin and Leng, 

2022; McCrary et al., 2020; Stadler et al., 

2022). Therefore, these pathological 

processes could be a therapeutic target in 

stroke. 

Devil’s Claw (DCW), or 

Harpagophytum procumbens, belongs to 

the sesame family and is native to South 

Africa. Natives have traditionally used it as 

an anti-inflammatory folk remedy for fever, 

indigestion, malaria, allergies, skin cancer, 

rheumatism, and arthritis (Mariano et al., 

2022; Menghini et al., 2019; Peruru et al., 

2020). DCW has been found to possess 

anti-inflammatory and anti-apoptotic 

properties through the inhibition of 

interleukin-6 (IL-6) and tumor necrosis 

factor alpha (TNF-α), resulting in the 

downregulation of nuclear factor kappa B 

(NF-κB) expression and modulation of the 

apoptotic pathway dependent on mitogen-

activated protein kinases (MAPKs) and 

phosphoinositide-3-kinase–protein kinase 

B/Akt (PI3K-PKB/Akt) (Fiebich et al., 

2012; Koycheva et al., 2021; Menghini et 

al., 2019). Furthermore, the primary 

chemical components found in DCW, 

which include scersoside, chromonoside, 

harpagoside, saponins, cystrines, and 

alkaloids, have been identified as the 

primary factors responsible for reducing 

levels of free inflammation and pain 

associated with central nervous system 

diseases by inhibiting the activity of 

cyclooxygenase-2 (COX-2) and 

lipoxygenase (LOX), which are enzymes 

involved in the inflammatory cascade 

(Huang et al., 2006). Moreover, treatment 

with only the DCW plant led to increased 

activity of antioxidant factors in the brains 

of rats, resulting in enhanced neuronal 

survival (Georgiev et al., 2010).  

Taken together, the findings from the 

studies mentioned above suggest that DCW 

may be promising as a potential therapeutic 

agent for mitigating the pathophysiological 

mechanisms of stroke by targeting specific 

molecular pathways and the properties of 

its chemical constituents. Nonetheless, 

there remain to be more studies 

investigating the efficacy of DCW in 

treating neurological disorders, particularly 

stroke. Therefore, this study aimed to 

investigate the effects of the Devil's Claw 

plant on motor activity, lesion volume, and 

neuronal density in the penumbra region. 

 

 

Materials and Methods 
Animals and housing 

All procedures related to animals were 

approved by the Animal Ethics Committee 

of Mashhad University of Medical Sciences 

(Mashhad, Iran) and were carried out 

following the National Institute of Health 

guidelines for the care and use of laboratory 

animals and the guidelines of the Iranian 

Institutional Animal Ethics Committee 
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(ethics code: 

IR.MUMS.MEDICAL.REC.1400.100). 

The adult male Wistar rats (250-280 g) used 

in this study were kept in the animal room 

of Mashhad University of Medical Sciences 

(MUMS) under standard conditions with a 

12-hour light/dark cycle and an almost 

constant temperature of 22±2°C with free 

access to food and water.  

 

Drug administration 

The dry powder of DCW extract was 

purchased from Razak Co. (Iran). DCW 

powder was dissolved in distilled water. 

Groups pretreated with DCW received 

doses of 200 and 400 mg/kg of the drug 

daily for three weeks before surgery. Other 

study groups received distilled water. 

 

Experimental design  

The animals were pretreated by daily 

gavage for three weeks before the 

operation. Thirty-two rats were randomly 

assigned to four groups (n=8) as described 

following: (1) The Sham group underwent 

a sham operation and received distilled 

water as the vehicle orally (Sham), (2) the 

control operated group that underwent 

middle cerebral artery occlusion (MCAO) 

and received distilled water as the vehicle 

orally (Ctrl), (3) the MCAO group that 

received DCW pretreatment at 200 mg/kg 

doses (DCW/200), and (4) the MCAO rats 

that received DCW pretreatment at 400 

mg/kg doses (DCW/400). 

 

Induction of MCAO 

Animals were anesthetized by 

intraperitoneal injection of chloral hydrate 

(450 mg/kg) (Kolpakova et al., 2017). 

Before surgery, 2 mg/kg meloxicam was 

injected subcutaneously as an analgesic. 

Induction of MCAO was performed by a 

filament or intravascular occlusion method 

(Ashioti et al., 2009). Briefly, a longitudinal 

incision was made in the midline of the 

neck to expose the right common carotid 

artery. A 3-0 sterile monofilament nylon 

suture with a silicone coat was inserted into 

the intracranial distal of the internal carotid 

artery. It was advanced approximately 17.5 

mm from the carotid incision site to 

obstruct the blood flow to the middle 

cerebral artery (MCA). Following 30 

minutes of MCAO, the filament was 

retracted completely to allow reperfusion of 

the MCA. Then the incision site was 

sutured and disinfected. The animals were 

kept under warm lamps until they woke up. 

 

Behavioral studies 

Neurological deficit score (NDS) 

Examination of NDS in all groups is 

done one day after surgery. This evaluation 

measured six parameters, including 

spontaneous activity, symmetry in the 

movement of four limbs, forepaw 

outstretching, climbing, body 

proprioception, and response to vibrissae 

touch. The score given to each rat at the end 

of the evaluation is the sum of all six 

individual test scores. The neurological 

score ranged from 3 to 18 (Garcia et al., 

1995). 

 

Rotarod performance test (RPT) 

We used the rotarod performance test to 

measure the movement coordination of the 

animals by recording the time they stayed 

on the cylindrical rotarod. The animals are 

trained on the rotarod device for three days 

before the surgery, with three sessions daily 

(from 4 to 40 rpm in 5 minutes). The 

animals are tested one day before and after 

the surgery, and the time they stay on the 

rotarod is recorded. We test the animals 

twice with a 15-minute break between the 

trials. The average of two experiments was 

calculated for each rat. RPT data were 

presented as the mean percentage of time on 

the rotarod compared to the sham group 

(before surgery). 

 

Open field test 

We used the open field test (OFT) to 

assess the motor impairments after the 

injury. In this test, we put each rat in the 

middle of an open field with a box (60 cm 

L × 45 cm W × 45 cm H) in a dim and quiet 

room. Movement activity was measured by 



Shirzad et al. 

AJP, Vol. 14, No. 4, Jul-Aug 2024                                               488 

counting the rats' total crossing and distance 

traveled. The total crossing was the number 

of grid lines the rodent crossed with all four 

paws, and the total distance traveled was 

the amount of distance the rat moved while 

standing on its hind paws. Total distance 

traveled and crossing for 10 minutes one 

day after surgery were recorded. A 

videotape was used to track the animals, 

and a blind assessor was used to analyze 

them. 

 

Infarct volume quantification  

Histological assessments were carried 

out on all experimental groups one day 

following the induction of MCAO (n=3). 

Briefly, all animals were intraperitoneally 

anesthetized with ketamine (100 mg/kg) 

and xylazine (10 mg/kg). Then, a normal 

saline solution was injected through the left 

ventricle while the abdominal aorta was 

clamped to provide cerebral perfusion. 

Subsequently, segmented brain tissues (2 

mm) were subjected to a 2% 

triphenyltetrazolium chloride (TTC) 

staining process, which lasted for 25 min at 

37 degrees C. This process facilitated the 

differentiation of metabolically active and 

infarcted tissue, with living brain tissue 

cells appearing in red and damaged or dead 

cells appearing in white.  

In order to quantify the extent of the 

infarct, we utilized a modified formula for 

calculating infarct volume. This formula 

obtained the infarct's total volume by 

multiplying the brain slices' average 

thickness by the infarct area's sum across all 

slices. The modified infarct volume was 

then calculated using the formula: Infarct 

area = Contralateral hemisphere area– 

Healthy area of ipsilateral hemisphere. 

Infarct volume = Infarct area × Thickness 

of slice 

 

Histological determination of neuronal 

density  

For histological examinations one day 

after surgery, we sacrificed the remaining 

animals in all groups with deep anesthesia 

and then perfused them with 10% formalin 

(n=5). Then, after collecting the brains and 

forming paraffin blocks (tissue location: 

1.9-3.1 mm posterior to the bregma), we 

randomly prepared coronal tissue sections 

using a Rotary microtome - MR 3000 

(Histo-Line, Italy) with a thickness of 5 μm. 

Next, we performed histological 

differentiation of the sections to identify the 

neurons based on hematoxylin staining. We 

studied different areas under a light 

microscope with a camera (BX51, 

Olympus, Japan) and took images under an 

objective lens (X10 and X40; Olympus, 

Japan). For the stereological method, we 

randomly took five photos from each slide 

from 5 different points (4 corners and one 

center). Then we graded the image with 2 x 

2 squares. Next, we randomly selected six 

squares from the gridded squares and 

counted the number of viable neurons in 

these six squares in all images. Next, we 

calculated neuron counts using the 

stereological software package (Mosaic 

Software, USA). Finally, we calculated the 

total number of counted cells from the 

formula: ND=ΣQ/Σframe × A frame × H 

The ND, ΣQ, Σframe, A- frame, and H 

represent total neuronal density, the sum of 

neurons counted in a sample, the total 

number of times sampled in one sample, the 

counting frame area, and the distance 

between two consecutive slices, 

respectively. Finally, the number of live 

neurons was measured based on the 

percentage of live neurons compared to the 

sham group. 

 

Statistical analysis 

The group size was determined based on 

a power calculation previously described in 

García-Bonilla et al. (2011). Statistical 

analysis was conducted using the statistical 

software for GraphPad Prism version 9 

(San Diego, CA, USA). Data were analyzed 

using one-way ANOVA with the Tukey 

post hoc test for multiple group 

comparisons. In addition, the behavioral 

scores for NDS and total-cross test were 

analyzed using the Kruskal-Wallis test with 

Dunn's post hoc test for multiple group 
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comparisons. Finally, RPT was analyzed 

using two-way ANOVA multiple 

comparisons between groups. Data are 

presented as mean±standard deviation 

(SD). The significance was at p<0.05. 

 

 

Results 

Effect of DCW pretreatment on 

neurobehavioral function after MCAO 

Animals were evaluated regarding 

neurological deficits at 24 hr, and the 

corresponding functional score was 

obtained for each group (Figure 1). No 

neurological deficits were detected in the 

sham group. On the NDS scale, a 

significant difference was observed 

between the Ctrl and sham groups 

(p<0.0001). The DCW/400 group showed 

good functional improvement compared to 

the Ctrl group (p<0.05), without any 

significant difference in functional scores 

with the sham group. However, no 

significant difference existed between the 

DCW/200 group with the Ctrl and 

DCW/400 groups (Figure 1 a and b). 

The sham group showed a normal level 

of activity in OFT. Pretreatment with 

DCW/400 could significantly increase the 

total cross and distance traveled compared 

to the Ctrl group (p<0.0001 and p<0.0001, 

respectively). However, the total cross and 

distance traveled decreased significantly in 

all groups compared to the sham group 

(p<0.0001 for all groups). Pretreatment 

with DCW was able to increase the level of 

these activities compared to the Ctrl group 

after the MCAO (p<0.0001 and p<0.0001 

for DCW/400 group and p<0.01 and p<0.05 

for DCW/200 group, respectively).  

 

 

Figure 1. The effect of DCW pretreatment on animals' neurological deficit score (NDS) and 

(b and c) exploratory behavior one day after MCAO induction. The presented values 

represent the mean and SD (N=8). *, # and @ indicate differences compared to Sham, Ctrl, 

and DCW/200 groups, respectively (*p<0.05, ****p<0.0001, #p<0.05, ##p<0.01, 

####p<0.0001, and @p<0.05). The data from NDS and total-cross were analyzed using the 
Kruskal-Wallis test, and the total distance was analyzed using the one-way ANOVA. Ctrl; 

the control operated group that underwent middle cerebral artery occlusion, DCW/200; the 

MCAO group that received DCW pretreatment at 200 mg/kg doses, DCW/400; the MCAO 

group that received DCW pretreatment at 400 mg/kg doses. 
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Also, the DCW/400 group has shown 

better recovery than the DCW/200 group by 

increasing this exploratory movement 

(p<0.05) (Figure 1b and c).The results of 

the RPT showed that there was no 

significant difference among the groups 

before the induction of the model (Figure 

2). After MCAO induction, despite the 

significant difference among all groups 

with the sham group (p<0.0001, p<0.0001, 

and p<0.01 for Ctrl, DCW/200, and 

DCW/400, respectively), both groups 

pretreated with DCW were able to increase 

their behavioral performance compared to 

the Ctrl group (p<0.0001 and p<0.0001 for 

DCW/200 and DCW/400; respectively). 

Also, improved behavioral performance in 

the DCW/400 group was significantly 

higher than the DCW/200 group (p<0.05). 

 

 
Figure 2. The graph shows the behavioral 

performance of the study groups one day before and 

after the MCAO through the rotarod performance 

test. *, # and @ indicate differences compared to 

Sham, Ctrl, and DCW/200 groups, respectively 

(**p<0.01, ****p<0.0001, ####p<0.0001, and 

@p<0.05). Data were analyzed using two-way 

ANOVA. Ctrl; the control operated group that 
underwent middle cerebral artery occlusion, 

DCW/200; the MCAO group that received DCW 

pretreatment at 200 mg/kg doses, DCW/400; the 

MCAO group that received DCW pretreatment at 

400 mg/kg doses. 

Figure 3. (a) Brain segments stained with triphenyltetrazolium chloride (TTC). (b) The 

diagram shows the difference between TTC-stained groups. *, # and @ indicate 

differences compared to Sham, Ctrl, and DCW/200 groups, respectively 

(****p<0.0001, ##p<0.01, ####p<0.0001, and @p<0.05). The data were analyzed 

using one-way ANOVA. Ctrl; the control operated group that underwent middle 

cerebral artery occlusion, DCW/200; the MCAO group that received DCW pretreatment 
at 200 mg/kg doses, DCW/400; the MCAO group that received DCW pretreatment at 

400 mg/kg doses. 
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DCW pretreatment reduces the macro- 

and micro-histological changes induced 

by MCAO 

TTC staining is a method that is 

generally used to assess the volume of the 

infarct region. Figure 3 shows the macro-

anatomy images of sections stained with 

TTC and the infarct volume diagram. The 

results of the macro-anatomical images 

show that pretreatment with DCW reduced 

the infarct volume (Figure 3a). In addition, 

the diagram results showed that the 

DCW/400 group significantly reduced the 

infarct volume compared to the Ctrl and 

DCW/200 groups (p<0.001 and p<0.0001, 

respectively; Figure 3b). 

Figure 4 and 5 represents the density of 

neurons in the penumbra region and the 

diagram of the % viable neurons in the 

studied groups. As shown in Figure 4, 

pretreatment with DCW has a neuron 

protection effect at the penumbra site. The 

diagram results indicate that the groups 

pretreated with DCW have more neuronal 

protection than the Ctrl group after MCAO 

(p<0.0001). Although no significant 

difference was seen between the two 

pretreated groups, the DCW/400 group was 

able to bring the changes to the level of the 

sham group (Figure 5). 

 

 
 

Figure 4. The images of sections stained with hematoxylin showed that pretreatment 

with DCW could preserve the tissue's microanatomical structure with its neuronal 

protection properties. The images with the upper area are at 10x magnification, and 

the lower area images are at 40x magnification for each group. Ctrl; the control 

operated group that underwent middle cerebral artery occlusion, DCW/200; the 

MCAO group that received DCW pretreatment at 200 mg/kg doses, DCW/400; the 

MCAO group that received DCW pretreatment at 400 mg/kg doses. 

 
Figure 5. The diagram indicates the difference 

between the groups stained with hematoxylin. The 

presented values represent the mean and SD (n=5). 

* and # indicate differences compared to Sham and 

Ctrl groups, respectively (**p<0.01, ****p<0.0001, 

##p<0.01, and ####p<0.0001). The data were 

analyzed using one-way ANOVA. Ctrl; the control 

operated group that underwent middle cerebral 

artery occlusion, DCW/200; the MCAO group that 

received DCW pretreatment at 200 mg/kg doses, 

DCW/400; the MCAO group that received DCW 

pretreatment at 400 mg/kg doses.  
Discussion 

The findings of our study indicate that 

the extent of recovery from MCAO-

induced deficits depends on the dosage of 

DCW pretreatment. Specifically, at three 

weeks post-gavage of 200 mg/kg or more 

DCW, there was a significant improvement 

in most behavioral performance one day 

after MCAO. In addition, macro- and 

micro-anatomy changes significantly 

improved in the 400 mg/kg dose DCW. 

This condition is the first report to our 

knowledge that demonstrates the ability of 

DCW to preserve neuron density and 

reduce infarct volume after stroke, mainly 

when administered at a dose of 400 mg/kg 

DCW. In instances where blood circulation 
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to a particular brain region is impeded, 

transmissions of nerve impulses from brain 

neurons experience interference, leading to 

eventual nerve cell degradation in the 

affected area, with strokes particularly 

implicated (Pulatov, 2022). 

Concerning MCAO, the cerebral infarct 

area enlarges alongside corresponding 

increased functional impairments in the 

patient (Wang et al., 2020). The penumbra 

zone undergoes a decline in the response 

capacity consequent to neuronal 

destruction. This reaction also interferes 

with signaling pathways conducive to 

regenerating new nerve cells (McCrary et 

al., 2020). Studies have revealed that 

inflammation and oxidative stress can 

impede the neuronal plasticity of the 

penumbra in stroke, resulting in infarct 

expansion (Ciancarelli et al., 2022; Sabahi 

et al., 2022). The DCW plant is 

characterized by its anti-inflammatory, 

analgesic, and antioxidant properties, 

corroborated by various investigations 

(Grąbkowska et al., 2016; Menghini et al., 

2019). It has been further demonstrated that 

administering the DCW inhibits gliosis and 

helps counter the destruction of neuron 

nuclei in the model of arsenic neurotoxicity 

(Peruru et al., 2020). The anti-inflammatory 

potential of the DCW is credited to iridoid 

glycosides, while its antioxidant effects are 

attributed to flavonoid and phenolic 

compounds (Grąbkowska et al., 2016; 

Mariano et al., 2022).  

The findings of our study suggest that 

administering DCW prior to a stroke event 

can reduce the volume of infarct, resulting 

in improved performance in behavioral 

tests. Harpagoside, a key iridoid found in 

DCW, has been found to increase 

glutathione peroxidase and decrease lipid 

peroxidation through inhibition of the NF-

kB pathway in the brains of rats (Huang et 

al., 2006). Additionally, harpagoside has 

been shown to increase norepinephrine and 

serotonin levels by modulating oxidative 

stress in an Alzheimer's model (Menghini et 

al., 2019). In our study, we induced stroke 

and evaluated the resulting neurobehavioral 

changes in rats using various behavioral 

parameters. The MCAO procedure 

progressively suppresses animal behavior, 

as evidenced by functional status, 

neurological impairments, locomotor 

performance, and exploratory locomotion 

measured by distance traveled and crossing 

lines. Curiously, pretreating rats with DCW 

at 400 mg/kg dose almost normalized these 

experimental parameters. These beneficial 

effects of DCW pretreatment suggest that it 

may possess anti-infarct properties. As 

reported in previous studies, the observed 

behavioral recovery and reduction in infarct 

volume may be explained by the 

preservation of dopaminergic receptors and 

maintenance of neurotransmitter levels by 

DCW (Mahomed and Ojewole, 2006; Sun 

et al., 2012). However, neurotransmitter 

levels were not investigated in our study. 

Further research is necessary to elucidate 

the underlying mechanism of DCW in 

limiting the infarct area. 

The induction of MCAO increases the 

production of free radicals, which results in 

oxidative stress in living organisms (Jin and 

Leng, 2022). Consequently, this process 

can cause peroxidation of membrane lipids, 

leading to the loss of membrane integrity 

and function (Lu et al., 2023). Our study 

demonstrates that DCW possesses neuron-

protective properties, as evidenced by 

preserving neuron density in the penumbra 

region. Peruru et al. demonstrated that 

DCW could reduce carbonyl content and 

lipid peroxidation while improving the 

concentration of antioxidant enzymes such 

as superoxide dismutase, catalase, and 

glutathione, ultimately enhancing the 

survival rate of rat brain neurons (Peruru et 

al., 2020). Therefore, the increase in 

neuronal density in the penumbra after 

MCAO is achieved through the inactivation 

of inflammatory mediators by DCW. The 

interaction between the infarcted and 

penumbra regions among the injured 

groups further demonstrated that DCW 

could enhance the activity of penumbra 

nerve cells by maintaining synaptic 

plasticity between neurons to replace the 
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damaged area (Appel et al., 2009). As a 

result, DCW improved animal movement 

performance and reduced infarct area by 

promoting neuronal recovery in the 

penumbra region. As previously 

mentioned, iridoid glycosides are the active 

components of DCW, and evidence 

suggests that the neuroprotective effect of 

DCW treatment correlates with the serum 

concentration of harpagoside (Chen et al., 

2018; Li et al., 2015). Therefore, the 

reduction of infarct volume and the 

preservation of micro-anatomical structure 

can be attributed to the neuroprotective 

properties of harpagoside. 

In conclusion, our study demonstrates 

that administering DCW prior to a stroke 

event can reduce the volume of infarcts and 

improve behavioral performance in rats. 

The observed neuroprotective effects of 

DCW may be attributed to its anti-

inflammatory, analgesic, and antioxidant 

properties, mainly due to iridoid glycosides, 

flavonoids, and phenolic compounds. Our 

findings suggest that administering DCW at 

a dose of 400 mg/kg is particularly effective 

in preserving neuron density in the 

penumbra and reducing infarct volume after 

stroke. These results provide valuable 

insights into the potential application of 

DCW as a natural therapeutic agent for 

stroke treatment. Further research is 

necessary to elucidate the underlying 

mechanisms of DCW in limiting the infarct 

area and promoting neuronal recovery. Our 

study highlights the importance of 

exploring natural compounds like DCW to 

develop novel stroke therapies.  
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