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ABSTRACT
Introduction: Ischemic stroke is the third leading cause of death worldwide. The purpose of the
current study was to assess the preliminary effects of Coffea arabica (CA) in experimentally-induced
stroke in an animal model in the context of neuroprotection. The study was also designed to doc-
ument the prophylactic use of CA in patients experiencing stroke symptoms. Methods: A total
of 25 male albino rats, 12 months of age, were purchased from the local market. They were accli-
matized for seven days and divided into 5 groups. Each group consists of 5 subjects. Each subject
was trained on a specific test for behavioral assessment. Behavioral modulation of each rat was
performed using four tests, namely cylinder test, staircase test, forelimb flexion test, and pasta test.
All the tests were performed as per standard criteria at the 4th , 8th , 12th , and 14th day of drug ad-
ministration. The subjects were administeredwith caffeine (2.4mg/kg) and CA (100mg/kg and 200
mg/kg extract) doses for 14 days to assess the prophylactic use of CA. After 14 days of treatment,
rats were subject to ischemic stroke induction using the middle cerebral artery ligation method.
All four tests used for behavior modulation were applied at 24, 48, and 72 hours intervals of post-
surgery. The subjects were further sacrificed for histopathological investigations. Statistical analysis
was performed with SPSS (V. 22) software using one-way ANOVA. Results: Our findings suggest
that treatment with CA, 100 mg/kg and 200 mg/kg orally, decreases the infarct volume. However,
there are not many considerable differences that were found in both doses. Histopathological in-
vestigations revealed characteristic structural changes occurring in both gray and white brain re-
gions, depending on the severity, location, and duration of the ischemic stroke. Conclusion: CA is
a harmless and activemediator in the dissolution of blood clots and the recovery of stroke in rats. It
is an agent that has been found to be efficient for brain activity with few side effects and behavioral
modifications.
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INTRODUCTION
Stroke is generally well-defined as an abnormality of
blood supply to a principal area of the brain. This
primary abnormality might be a diminution of nutri-
ents (commonly ischemia) or hemorrhage; the abnor-
mality may vary in time interval and extent, produc-
ing an enormous number of temporary or permanent
neurological defects 1. Acute ischemic stroke is the
third primary cause of death in developed countries
and Europe2. It is one of the most recurring causes
of disability around the globe3. Irrespective of patho-
physiological understanding of cerebral ischemia and
its advances in modern science, there are minimal
numbers of pharmacotherapy protocols3. Only Re-
combinant Tissue-Plasminogen Activator (rt-PA) for
thrombolysis has been approved for practice in the
management of this disease 4. Various Chinese 5 and
herbal medicines, including alternative therapies6,
have been used in the treatment of ischemic stroke for

a long time; one of these significant medicinal plants
is Coffea arabica (CA).
CA is a species of Coffea, and is rich in phytochemi-
cal constituents like caffeine, trigonelline, chlorogenic
acids, and sucrose7. Several studies have reported
its anti-inflammatory effects8 and anti-fungal prop-
erties9.
The purpose of the current study was to assess the
preliminary effects of CA in experimentally-induced
stroke in an animal model in the context of neuropro-
tection. The study was also designed to document the
prophylactic use of CA in patients experiencing stroke
symptoms.

MATERIALS - METHODS
Animals
A total of 25 male albino rats (12 months of age)
were purchased. All subjects were weighed for dose
and food administration. Theweight variation ranged
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from 290 to 300 g. The subjects were kept in standard
confinement (length = 450 mm×width = 340 mm×
height = 210 mm) for animal housing; animals were
kept in a controlled environment at standard condi-
tions of temperature (22± 1 ºC) and humidity (40 to
60%). Animals were exposed to twelve hours of light
and dark cycles.

Preparation of Coffea arabica (CA) extract

Aqueous extract of CA was prepared through me-
chanical pressing and solvent extraction methods us-
ing soxhlet apparatus and rotary vacuum evaporator.

Method of ischemic stroke induction

Rats were anesthetized with Ketamine. Blood pres-
sure and oxygen supply were monitored. Ischemic
stroke was induced using the ligation technique
(Figure 1) of the Middle Cerebral Artery Occlusion
(MCAO) method 10.

Treatment protocol

Rats were acclimatized for 7 days, and the bodyweight
of each subject was recorded. They were divided into
5 groups (n = 5 per group). Each rat was trained on
a specific test for behavioral assessment. Behavioral
modulation (Figure 2) of each rat was performed us-
ing four tests, namely cylinder test11, staircase test12,
forelimb flexion test, and pasta test13. All the tests
were performed as per standard criteria at the 4th, 8th,
12th, and 14th day of drug administration.
The subjects were administered with caffeine and CA
doses (Table 1) for 14 days to assess the prophylactic
use of CA. We used two different doses to assess its
efficacy. In our pilot study, 300 mg and 500 mg/kg
doses of CA were found to be fatal and possessed ad-
verse effects. Therefore, we used these two doses, 100
mg/kg and 200 mg/kg, in our current study. All the
subjects received an oral dose once a day.

Methods for evaluation

Time latency (seconds) was observed in forelimb flex-
ion and staircase tests. The use of impaired forelimbs
in cylindrical test and the number of falls in pasta test
were observed. The latency was observed for time and
limb movement. Histopathology examination was
performed by slicing of the brain, and this was fur-
ther confirmed by brain staining with 2,3,5-Triphenyl
Tetrazolium Chloride (TTC) reagent.

Statistical analysis
Statistical analysis was performed using the Statistical
Package for Social Sciences software (version 22.0).
One-way analysis of variance (ANOVA) was applied
using a Tukey range post-hoc test. The level of signif-
icance was considered as p < 0.05.

Ethical Statement
The current study was approved by the Committee on
Animal Ethics, Hajvery University, Lahore, Pakistan,
under the ethical approval letter no. HU-EC-07-2017.

RESULTS
The current study was aimed to assess the neuro-
protective action of CA in a rat model of ischemic
stroke. Animals were acclimatized for one week, and
behavioral modelling was performed. This behav-
ioral modelling was conducted to evaluate a mea-
sure of performance at a latency period of 4th, 8th,
12th, and 14th day during Caffeine and CA admin-
istration (Figure 3). All the subjects in the study
groups showed normal behavior and accomplished
specific tasks. However, few subjects in both control
and sham groups responded spontaneously while per-
forming forelimb flexion and staircase test. This im-
pulsive behaviormay owe a change in their physiolog-
ical function. It was also observed that rats receiving
CA became slightly aggressive; this observation war-
rants further evaluation in future research studies.
The mean latency time in cylinder test of control,
sham, caffeine, CA 100 mg/kg, and CA 200 mg/kg
groupswere noted as 6.6, 5.4, 7.1, 5.2, and 6.8 seconds,
respectively. The mean latency time of forelimb flex-
ion group was observed as 12.8, 13.1, 12.5, 11.6, and
12.2 seconds for the control, sham, caffeine, CA 100
mg/kg, and CA 200 mg/kg groups, respectively. Ob-
servations (mean) of the staircase test were recorded
as 9.4, 10.4, 8.4, 9.1, and 9.8 seconds for the respec-
tive groups. The results (movement) monitored in the
pasta test were documented as 4.1, 3.9, 4.0, 3.6, and 4.4
seconds, respectively. Consequently, we found no sta-
tistically significant difference (p = 0.271) in the rats’
behavior among the groups (Figure 3). All subjects
were found to be under the appropriate conditions for
surgical procedures.
Ischemic stroke was induced through the MCAO
method. All mentioned tests were applied after in-
duction of stroke at intervals of 24, 48, and 72 hours.

Cylinder test
Subjects were assisted to perform cylinder test. There
was a significant statistical difference found between

3769



Biomedical Research and Therapy, 7(5):3768-3777

Figure 1: Induction of ischemic stroke. The designed ischemic stroke was induced using the ligation technique
of the middle cerebral artery occlusion method.

Table 1: Dose regimen (sample size, n=5)

GroupsDose Days

1 2 3 4 5 6 7 8 9 10 11 12 13 14

ControlNormal
saline

√ √ √ √ √ √ √ √ √ √ √ √ √ √

Sham Nil - - - - - - - - - - - - - -

Caffeine2.4
mg/kg

√ √ √ √ √ √ √ √ √ √ √ √ √ √

CA
100
mg/kg

100
mg/kg

√ √ √ √ √ √ √ √ √ √ √ √ √ √

CA
200
mg/kg

200
mg/kg

√ √ √ √ √ √ √ √ √ √ √ √ √ √

the control and sham group (p = 0.001), and the very
least statistical significance was observed between CA
100 mg/kg and CA 200 mg/kg groups (p = 0.645).
Statistical results were not encouraging in compar-
ison of the control and CA 100 mg/kg group (p =
0.295). However, these insignificant statistical results
show a significant effect of the CA 100 mg/kg dose.
Moreover, a higher dose of 200 mg/kg minimally ex-
hibits the reversal phenomenon of the ischemic stroke
(Figure 4).

Forelimb flexion test

Our study subjects were also assessed for forelimb
extension. Statistically significant differences were
found among CA 100 mg/kg (5.933 + 0.733), control
(12.800 + 0.000), and sham (0.600 + 0.115) groups
after 24, 48, and 72 hours intervals (p = 0.000), re-
spectively (Figure 5). However, CA 100 mg/kg dose
(5.933 + 0.733) and CA 200 mg/kg dose (4.666 + 0.
635) groups were comparatively insignificant in their
differences (p = 0.442). Moreover, CA powder at the
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Figure 2: Behaviouralmodulation of rats. All four tests entitled (A) cylinder test, (B) staircase test, (C) pasta test,
and (D) forelimb flexion test were performed on rats to incorporate behaviour modulation for our study under
standard laboratory conditions.

100 mg/kg dose was more effective at inducing or al-
leviating stroke at all levels of treatment intervals. On
the other hand, CA 200 mg/kg dose (4.666 + 0. 635)
showed less improvement of stroke recovery.

Staircase test
Rats were subject to the staircase test. The results were
statistically significant among all groups (p = 0.000).
However, CA 100 mg/kg group was significantly dif-
ferent from sham (p = 0.000)and caffeine (p = 0.030)
groups. On contrary, it was less different from the
control (p = 0.143) andCA200mg/kg dose (p= 0.174)
groups. These observations showed that the effect of
CA 100 mg /kg dose was almost similar to the control
group. It also revealed that both doses show almost
equivalent response (Figure 6).

Pasta test
Thepasta test was performed on subjects receiving es-
tablished treatment. Statistical analysis showed sig-
nificantly different results between control (4.200 +
0.577) and sham (18.133 + 0.982) groups (p = 0.000).
We documented similar observations between sham
(p = 0.000) and CA 100mg/kg dose (p = 0.000) group.
The results revealed that CA 100 mg/kg dose is more
protective to MCAO-induced stroke, than compared
to caffeine and CA 200 mg/kg (Figure 7).

Histopathological studies
Thehistopathological significances of ischemic stroke
are multifaceted. Their outcomes may lead to several
deficits, including severe motor and cognitive distur-
bances. The histopathological consequences in our
study show typical structural changes in both gray
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Figure 3: Graphic representationof behavioural tests before inductionof ischemic stroke. All four tests were
applied to each group before performing surgery. Results indicate that all groups responded almost alike.

Figure 4: Graphical profiling of cylinder test. The cylinder test was performed after 24, 48, and 72 hours of
stroke induction to evaluate the spatial patterns of central nervous system disorders. The figure reveals that the
animal group receiving 100mg/kg of Coffea arabica dose responded better against stroke in comparison to other
groups, and its behaviour pattern is closed to the control group.
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Figure 5: Graphical outlining of forelimb flexion test. Forelimb flexion test was executed after 24, 48, and 72
hours of stroke induction to detect the neurological insufficiencies. The figure shows that animal group receiving
100mg/kg of Coffea arabica dose reacted better as compared to other groups, and its behaviour pattern is closed
to the control group.

Figure 6: Graphical illustration of the staircase test. The test was applied after 24, 48, and 72 hours of stroke
induction to assess the locomotor activities. The figure shows that animal group receiving 100 mg/kg of Coffea
arabica dose showed the least latency time and better limb coordination.
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Figure7: Graphicaldiagramofpasta test. This testwas also applied after 24, 48, and72hours of stroke induction
in linewithother tests to explore themanual dexterity andmotor skills. Thefiguredemonstrates that animal group
receiving 100 mg/kg of Coffea arabica dose showed better grasp and grip strength among all defined treatment
groups.

and white matter. However, the location, duration,
and severity of ischemic stroke need to be considered
(Figure 8). Our findings of severe focal ischemia are
well-described with characteristic structural changes
occurring in both gray and white brain regions, de-
pending on the severity, location, and duration of the
ischemic stroke. Thewhite region in our stained brain
slice image of the sham group depicted reduced blood
flow to the brain, resulting in ischemia. Furthermore,
this area was very reduced and compact in the CA 100
mg/kg dose group, which depicted functional recov-
ery against ischemic stroke.

DISCUSSION
The present study aimed to assess the preliminary
effects of CA in neuroprotection of experimentally-
induced stroke in rats. Animals were administered
with doses of 100 and 200 mg/kg of CA. The doses
of CA were selected based on dose-ranging studies;
these are the clinical trials to determine the most ap-
propriate doses that are not exceeding the maximum
dose limit or the toxic levels14. After the administra-
tion of the recommended protocol of 14 days, animals
were subjected to induction of ischemic stroke15. The
subjects were passed through a series of testing proce-
dures for assessing their neurological activity after ex-

posure to surgery. These testing procedures included
cylinder test, forelimb flexion test, staircase test, and
pasta test.
The cylinder test was used to assess the locomotor
function in rodents with central nervous system dis-
orders. It was also used to detect mild neurological
defects in subjects under study. It was observed dur-
ing the evaluation that theCA100mg/kg dose showed
maximum response against ischemic stroke among
all-time intervals (Figure 4). Several studies indicate
that coffee is a rich source of flavonoids like catechins
and their neuroprotective potential is primarily asso-
ciatedwith protection against neurotoxin-induced in-
juries and suppression of neuro-inflammatory mech-
anisms, plus the promotion of cognitive functions,
learning, and memory 16,17. The main ingredient in
CA neuroprotection is caffeine18–21.
A forelimb flexion test was performed to detect the
neurological impairments in rodents. Our results in-
dicated that both 100mg and 200mg/kg doses showed
significant protective response (Figure 5). However,
CA100mg/kg dosewas foundmore effective than 200
mg/kg after 24, 48, and 72 hours of post-surgery. A
similar studywas conducted byNovitzky et al. in 2016
to examine the comparison of the neuroprotective ef-
fect of Bevacizumab and Sildenafil after stroke induc-
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Figure 8: Histopathology of the rat brain. Brain
slicing, followed by 2,3,5-Triphenyl tetrazolium
chloride staining, was performed to study the
histopathological characteristics after 76 hours of
ischemic stroke induction. It is clear from the figure
that Coffea arabica 100 mg/kg dose restricted the
induction of stroke considerably in association with
other treatment protocols.

tion in rodents. The study revealed a minor effect
of neuroprotection with Bevacizumab, while Silde-
nafil showed no response 22. Conversely, our investi-
gations recognized the healthier connection between
paw grasping and brain functions in the rat in associ-
ation with previous studies.
The staircase test was designed for the exploration
of the independent use of forelimbs in rats12. Side-
specific deficiencies in coordinated paw reaching in
rats were efficiently measured by this test. Our find-
ings exposed that the pharmacological effects of the
CA 100mg/kg treated group are almost similar to that
of the control group (Figure 6). Freret et al. in 2006
used this test to evaluate the above-defined limita-
tions. Our similar findings with that of Freret et al.
suggest that CA 100 mg/kg dose induced more sensi-

tive repair efforts, in contrast to the evaluation of con-
tralateral limb use in rats23. This finding was also ob-
served by Grabowski et al. with the staircase test, in
corroboration with our study24.
After experiencing any kind of damage in the central
nervous system, manual dexterity is often impaired.
Therefore, it is crucial to develop a primary measure-
ment method of forepaw dexterity quantitatively. The
pasta test also corroborates with our findings of previ-
ous tests. The CA 100 mg/kg dose was more respon-
sive than caffeine and CA 200 mg/kg dose (Figure 7).
However, the recovery mechanisms might be differ-
ent according to specific regions of brain damage25.
For a better understanding of the rehabilitationmech-
anisms in specific regions of brain damage in rat
stroke models, valuable research should continue to
examine behavioral tests and functional recovery of
stroke so that they discoveries might be translated to
human patients of stroke23.
The histopathological studies in our study showed
typical structural changes in the brain (Figure 8). Our
findings of severe focal ischemia are well-described
with characteristic structural changes occurring in
both gray and white brain regions, depending on the
severity, location, and duration of the ischemic stroke.
The white region in our stained brain slice image of
the sham group depicts the diminished blood flow
to the brain that results in ischemia. Furthermore,
this area is very reduced and compact in the CA 100
mg/kg treated group, demonstrating functional re-
covery against ischemic stroke. For the evaluation
of enhanced plasticity of brain tissue after stroke oc-
currence, a long-term functional recovery is essential.
Neural tissues are complex, and caution should be
used in attempting to identify neuroprotective drugs.
It was a preliminary study considering only twenty-
five subjects on rats. There were two large doses of 100
mg, and 200 mg/kg were used. Future studies should
be carried out on more animal subjects with more re-
fined doses. CA should also be studied in human sub-
jects for its potential medicinal properties.

CONCLUSION
Our findings conclude that CA is a harmless and ac-
tive mediator in the dissolution of blood clots and re-
covery of stroke in rats. It is an agent that is effec-
tive at inducing brain activity with few side effects and
modifications in behavior. This is because coffee con-
tains many biologically active substances and antiox-
idants, like polyphenols, that can potentially protect
brain cells from death and can help in recovery from
stroke. Thus, there is a great need for the evaluation,
assessment, and appraisal of its therapeutic character-
istics in humans soon.
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ABBREVIATIONS
CA: Coffea arabica
MCAO: Middle cerebral artery occlusion
TTC: 2,3,5-Triphenyl tetrazolium chloride
ANOVA: Analysis of variance
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