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ABSTRACT
Background: Migraine is one of multiple attack neurological conditions that causes moderate to severe headaches 
with no defined pathophysiology and few animal models. 
Aim: Establishing an animal model that reproduces migraine-like action is important in medical research to identify 
the mechanism underlying this disorder. Additionally, it facilitates the availability and reliability of new models that 
may act as human surrogate models. 
Method: Rabbits were divided into four groups. Negative group, migraine group, rizatriptan-nitroglycerin group, and 
rizatriptan group. The frequency of head scratching and the histopathological changes in the brain, liver, kidney, and 
heart for groups were evaluated in all groups. 
Results: The behavioral characteristic of head scratching was significantly increased in the NTG group (50.4 ± 3.8) 
compared with the control group (9.2 ± 1.3) after 30 min of the experiment. Moreover, animals treated with rizatriptan 
benzoate (Riza) 10 mg/kg/orally for 14 days followed by NTG injection showed a significant decrease in the head 
scratch action (16.8 ± 2.3 and 17.6 ± 3.3) than the animals of NTG group (50.4 ± 3.8 and 43.6 ± 2.3) after 30 min 
and 60 min, respectively. Furthermore, animals treated with Riza alone showed no statistical differences in the head 
scratches (7.8 ± 1.3, 9.2 ± 0.8, 10.6 ± 1.1 and 9.6 ± 1.3, respectively) during the 120 min of the experiment, compared 
with the control group. Histopathological alterations in the brain of rabbits that received NTG showed severe diffuse 
dilated and engorged blood vessels. These changes were also recorded in the liver and kidney of this group. This 
marked vasodilation of blood vessels and central and portal veins confirms the successful induction of migraine in 
the rabbit model. In contrast, animals treated with Riza for 14 days demonstrated substantially less vascular dilation 
following NTG injection. No significant pathological lesions were observed in animals treated with Riza. 
Conclusion: The current study successfully established a rabbit model of migraine using a single dose of NTG to 
induce migraine-like behavior. Moreover, pre-treatment with rizatriptan benzoate for fourteen days significantly 
reduced the symptoms of migraine and histopathological changes in different organs.
Keywords: Rizatriptan, Migraine, Histopathology, Rabbit model.

Introduction
Rizatriptan benzoate (Riza) is used to treat the symptoms 
of the most common neurological conditions known 
as migraine headaches (Tfelt-Hansen and Messlinger, 
2019). Cerebral and meningeal arterial vasodilation 
during migraine attach reverses by vasoconstriction 
following rizatriptan benzoate administration by 
the release of the chemical messenger serotonin 
(Silberstein,2004; Tardiolo et al., 2019).
Rizatriptan a second-generation triptan tablet wafer 
formulation is absorbed rapidly in the gastrointestinal 
tract reaching its peak plasma concentration to treat 
migraine headaches (Tfelt-Hansen and Messlinger, 
2019; Yang et al., 2022). Oral administration of Riza 

at 10 mg has proven its safety and efficacy in treating 
acute, moderate, or severe migraine (Aubé et al., 2010). 
The acute potential oral toxicity (LD50) of Riza in mice 
and rats was 700 mg/kg/B.W and 2227 mg/kg/B.W, 
respectively, whereas the estimated intravenous LD50 
was 89 and 141 mg/kg/B.W, respectively (Product 
Monograph, 2020). However, the chronic toxicity of 
Riza was measured following multiple repeated doses 
for 12 months in dogs and rats and up to 14 weeks in 
mice and no adverse effects at the suggested therapeutic 
dosages have been reported (Product Monograph, 
2020). 
A highly lipophilic organic nitrate such as nitroglycerin 
(NTG) is used in the treatment of coronary artery 
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diseases such as angina pectoris, myocardial infarction, 
and heart failure. The vasodilatory action of NTG 
produces headache, photophobia (light sensitivity), 
and anxiety which are similar to migraineurs (Marsh 
and Marsh, 2000; Thadani and Ripley, 2007). It was 
noted that individuals suffering from migraine showed 
a higher cardiovascular response to NTG compared 
with control patients (Thadani and Ripley, 2007; Van 
Oosterhout et al., 2020). The frequent side effect of 
NTG represented as headache was demonstrated to 
induce migraine models in humans (Demartini et al., 
2019). For decades, migraine was considered one 
of the most studied headache disorders in humans 
(Amiri et al., 2022). To study migraine, a variety of 
rodents, such as mice and rats, have been used to 
simulate different features of migraine with certain 
limitations (Erdener and Dalkara 2014; Harriott et al., 
2019). However, the use of rabbits as an alternative 
model for NTG-induced migraine is less commonly 
reported in the literature.
Therefore, the aim of the current study was to investigate 
the suitability of rabbits as a migraine model following 
NTG injection by evaluating migraine symptoms 
and histopathological changes in different organs. 
Moreover, the effect of pre-treatment of Riza against 
NTG-induced migraine attacks was also assessed.

Material and Methods
Experimental animals
Male, 2-month-old, rabbits (Oryctolagus cuniculus) (n 
= 24), with 450–500 g weight, were divided equally into 
4 groups: Negative control group. The migraine rabbit 
model received 10 mg/kg of NTG (Flagship Biotech 
International Pvt Ltd) s/c and served as a positive 
control group. Rizatriptan benzoate group (MSD, UK) 
(Riza-NTG group) received 10 mg/kg orally for 14 
days before migraine induction, then 30 minutes after 
the last Riza administration, nitroglycerin was injected 
with 10 mg/kg s/c (Zhang et al., 2017). The Riza group 
was treated only with 10 mg/kg/orally for 14 days. All 
animals were monitored daily for any clinical signs 
associated with NTG or rizatriptan administration. 
Four hours following migraine induction, animals were 
anesthetized using xylazine–ketamine intramuscular 
injection as described by (Holve et al., 2013), and then 
euthanized by cervical dislocation according to AVMA 
Guidelines for the Euthanasia of Animals: 2020 Edition. 
Tissue specimens of the brain, liver, kidney, and heart 
were collected and immediately fixed in 10% neutral 
buffer formalin. Samples were routinely processed, 
embedded in paraffin wax, sectioned at 5um thickness, 
and stained with H&E stain for histopathological 
evaluation (Khalaf et  al., 2019; Abbasa and Jawad, 
2023; Shakir et al., 2023). 
Behavioral tests
The behavioral examination was measured according 
to previous studies. Briefly, after all rabbits were 
acclimatized inside the cages, the frequency of head 

scratching was calculated for 0–120 minutes during 
the whole 30-minute intervals (Min et al., 2017; Sun 
et al., 2021). The means of head-scratching behavior 
in the migraine rabbit model for the control, NTG, 
Riza+NTG, and Riza groups during 0–120 minutes 
were counted and analyzed statistically. After NTG 
injection, the animal demonstrated symptoms of 
restlessness accompanied by head scratching, which 
lasted for approximately 90 minutes, and the pain 
signs of head scratching were relatively obvious, for 
which rabbits were regarded as positive reactions of 
migraine. The symptoms of rabbits’ head scratching 
were recorded continuously by observers who were 
blinded to all treatment groups every 30 minutes for 
0–120 minutes. 
Statistical analysis
GraphPad Prism software (Prism version 8) was used 
to analyze the data of head-scratching behavior in the 
migraine rabbit model. One-way ANOVA followed 
by Tukey’s multiple comparisons test was used to 
calculate the differences among all the groups. The 
mean ± SD was considered and p values less than 0.05 
were considered as significant results (95% confidence 
intervals). 
Ethical approval
Rabbit management and handling were carried out 
in this study with all required permits and performed 
in accordance with all regulations and recommended 
procedures approved by the Iraqi Ethics Committee 
of the College of Veterinary Medicine, University of 
Baghdad (Protocol No. P.G/1218). All animal care 
and experimental actions such as the migraine model 
experiment and anesthetic technique were approved by 
the Ethics Committee for Animal Experiments at the 
College of Veterinary Medicine Collage, University of 
Baghdad, Iraq. We minimized the number of animals to 
obtain the statistical significance differences (Protocol 
No. P.G/1218). 

Results
Head scratching behavior 
In the current study, rabbits have been used to establish 
a new model to study migraine (pain attacks). The 
frequency of head scratching actions was counted 
based on observation every 30-minute intervals for 
0–120 min to provide scientific migraine-like behavior 
in the rabbits treated with NTG or without NTG 
injection. The NTG-induced migraine rabbits showed a 
significantly higher number of head scratches compared 
with the negative control group. The typical frequency 
of head scratching started in the NTG-injected rabbits 
within 5 min and lasted for at least 90 min (Fig. 1). 
The behavioral characteristic of head scratching was 
significantly higher in the NTG group (50.4 ± 3.8) 
compared with the control group (9.2 ± 1.3) following 
30 min of s/c injection of NTG. 
Interestingly, animals of the Riza+NTG treated group 
demonstrated significantly much lower head scratches 
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(16.8 ± 2.3 and 17.6 ± 3.3) than the animals of the 
NTG group (50.4 ± 3.8 and 43.6 ± 2.3) after 30 min 
and 60 min, respectively. Whereas, the animals of the 
Riza group showed no significant differences in the 
head scratches (7.8 ± 1.3, 9.2 ± 0.8, 10.6 ± 1.1 and 
9.6 ± 1.3) after 30 min, 60 min, 90 min, and 120 min, 
respectively, compared with the negative control. No 
significant differences were recorded in the number 
of head scratches behavior following 90–120 min in 
all treated groups which referred to the successful 
migraine rabbits model establishment. 
Histopathology study
Histopathological alterations within the brain of 
rabbits that received NTG that characterized by severe 
diffuse dilated and engorged blood vessels (Fig. 2E). 
Similar changes were also noted in the liver and kidney 
of this group. Marked vasodilation and congestion 
of central and portal veins in addition to the blood 
vessels between the renal tubules (Figs. 2F and G). 
Interestingly, in comparison with rabbits of the NTG, 
mild vascular dilation was diffusely observed in the 
brain, liver, and kidney of Riza+NTG (Figs. 2I, J, 
and K), suggesting that rabbits can be utilized as a 
promising sensitive model of migraine. Moreover, no 
significant histopathological changes were observed 
in all examined tissues of the rabbits that were treated 
with Riza for 14 days, as well as in the negative control 
group (Figs. 2M, N and O), suggesting the safety of 
Riza when it is administrated at therapeutic does. No 
significant histological lesions have been observed in 
the sections of the heart of the control and all treated 
animals (Figs. 2D, H, L, and P). 

Discussion
Migraine is a worldwide neurological disorder that 
affects approximately one billion people (GBD, 
2018), and it has been reported that young adults and 
middle-aged women potentially suffer from migraine 
(Yang et  al., 2022). Although several studies have 
suggested the pathophysiology of migraine, including 
abnormal cranial vasodilation, the activation of 
meningeal afferents, and neurogenic inflammation, 
the mechanisms of migraine induction remain unclear 
(Edvinsson et  al., 2021). For decades, developing 
potential animal models to study complex conditions 
such as migraine-like disorder has been challenging 
due to the lack of a translational model that reflects 
most human disorder (Borsook and Burstein, 2012). 
No doubt that rats and mice have been frequently 
utilized as models for studying migraine following 
NTG administration (Bates et  al., 2010; Akerman 
et  al., 2019). However, higher or repetitive doses 
of NTG are required to induce relevant migraine 
effects in rodents, especially in rats, which are linked 
to inefficient bioconversion of NTG in the liver in 
comparison to humans which possibly limits the 
detection of light avoidance as a headache disorder 
(Sokołowska et  al., 2004; Bates et  al., 2010) and 
because of few available translational animal models 
(Demartini et al., 2019). Therefore, establishing a new 
reliable model that reproduces migraine-like behavior 
is needed to better understand the mechanism of this 
worldwide neurological disorder and increase the 
availability and reliability of new models. The present 
study has several highlights: 1) At the beginning, this 

Fig. 1. Frequency of head scratching behavior in migraine rabbit model. Control, 
NTG, Riza+NTG, and Riza during 0–120 minutes following nitroglycerin 
injection. Each point represented mean ± SD (n = 6), Adjusted *P values < 0.005.
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study has proved that rabbits develop frequent head 
scratching and redden ears; 2) NTG administration 
has successfully induced migraine-like headache in 
rabbits; 3) Riza reduced NTG-induced migraine when 
demonstrated as a prophylactic treatment, suggesting 
that rabbits respond effectively to migraine treatment; 
4) no histopathological changes associated with daily 
administration of Riza in rabbits. To the best of our 
knowledge, the current study provides valuable initial 
insights for using rabbits as a model to study migraine-
like symptoms. For decades, rabbits have contributed not 
only as a model to evaluate new therapeutic compounds 
but also to studying metabolic and infectious diseases 
as well as CNS disorders in humans (Shiomi, 2009; 
Close at al., 2019; Shwaish et al., 2024). The opinion 
of using rabbits as an animal model for migraine rather 

than other animals was efficient for the purpose of the 
current study. First, a single s/c dose of NTG induced 
acute headache symptoms (migraine) in rabbits rather 
than multiple dosages in rats and mice (Jalgaonkar et al. 
2023). Moreover, rabbits act as an excellent species for 
investigating a number of aspects of human disorders 
including neuronal disorders. Phylogenetically, rabbits 
are closer to humans than rodents regarding brain 
development and neuroanatomical characteristics. 
In addition, rabbits have an appropriate size and 
ease of use and care in the laboratory facility, which 
allows the observation of clinical symptoms and the 
progression of the disease (Fan et al 2018; Zhang et al, 
2022). NTG has been widely utilized as a reliable 
translational approach to induce typical migraine 
headaches (Demartini et  al., 2019). In the present 

Fig. 2. Representative histopathological examinations of different tissue specimens from rabbits injected with NTG, Riza+NTG, 
and Riza alone. (A-D) Brain, liver, kidney and heart of control group showed normal tissue architecture. (E-G) Brain, liver, and 
kidney of rabbits injected with10 mg/kg of NTG s/c showed severe diffuse dilated and engorged blood vessels. (I-K) Brain, liver, 
and kidney of rabbits treated with Riza at dose of 10 mg/kg/orally for 14 days followed by10 mg/kg of NTG s/c showed mild 
vascular vasodilation and engorgement. (M-O) Brain, liver, and kidney of rabbits treated with Riza alone at dose of 10 mg/kg/orally 
for 14 days showed no histopathological changes. (D, H, L, and P) Tissue section of hearts of all animals showed no significant 
lesions detected. H&E stain, Scale bar 100 μm.
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study, rabbits effectively responded to subcutaneous 
injection of NTG and immediately showed migraine-
like behaviors that lasted for 90 min, such as red ears, 
frequency head scratching, and restlessness which 
indicated the successful initial insights of migraine-
like behaviors in the rabbit model. The mechanism 
of NTG-induced migraine has been well studied for 
decades, and because of its lipophilic features, NTG 
easily crosses the blood–brain barrier and causes a 
dual action that parallels the headache response that 
has been reported in human studies. In addition, NTG 
activates specific structures in the CNS that cause 
nausea, photophobia, and phonophobia (Maniyar et al., 
2014a,b). Nitric oxide, which is produced following 
NTG administration, works directly on the wall of 
blood vessels causing vasodilation and inflammation 
(Moncada et al., 1991; Chung and Fung, 1993).
The current findings are consistent with previous 
experimental studies in the migraine field that described 
the importance of using NTG to induce migraine in 
humans and animals through its direct and indirect 
action on blood vessels and neurons and consistent 
ability to produce migraine-like features (Kleschyov 
et al., 2003; Thatcher et al., 2004). 
Interestingly, rabbits that received a single dose of 10 
mg/kg NTG subcutaneously exhibited migraine-like 
behaviors that lasted for 90 min, and these behaviors 
might mimic the symptoms that appear in humans 
and another animal model that received NTG and 
developed headache, increased scratching that reflect 
discomfort in their heads, and uncomfortable feelings 
caused by pain (Goadsby et  al., 2002; Markovics 
et al., 2012; Sufka et al., 2016; Farajdokht et al., 2017; 
Dodick, 2018). Certainly, more work remains to be 
done to identify the relevance of using the rabbit model 
for migraine experiments and to provide an opportunity 
to find biomarkers for headache disorders.
Several available antimigraine treatments have been 
used to decrease the incidence and severity of migraine 
attacks (Silberstein et  al., 2012), and among these 
agents, a selective serotonin (5-hydroxytryptamine 
[5-HT]) receptor agonist rizatriptan, the second-
generation of triptan (Tfelt-Hansen and Messlinger, 
2019). Triptans are a family of antimigraine drugs 
that stimulate 5-HT1B/D receptors, in turn, cause 
vasoconstriction and inhibit the release of several 
neuropeptides that cause migraine (Loder, 2010).
One of the key findings of the current study was to 
determine whether the rabbit model would respond to 
Riza as an antimigraine medication and the hypothesis 
that rizatriptan could be used as a prevention to 
reduce migraine symptoms when it is dosing prior 
attacks. Interestingly, the results suggested that rabbits 
pretreated with Riza for 14 days followed by NTG 
injection successfully responded to the pretreatment 
via attenuation of the severity of migraine-like 
symptoms. These data are consistent with the ability 
of rizatriptan to reduce migraine via reduced cerebral 

blood flow and blood volume from arterial-to capillary 
(Okazawa et al., 2006), in addition to reducing several 
factors that induce migraine in humans and different 
animal models (Asghar et al., 2011; Mason et al., 2017; 
Yang et al., 2022). The efficacy of rizatriptan 10 mg 
in acute migraine has been clearly established with 
or without aura. Clearly, Riza is a drug that is used to 
treat migraine symptoms with no future prevention 
of migraine attacks. However, this study suggested 
that Riza might be minimizing the acute migraine 
symptoms rather than prevention of migraine. Our 
results agreed with the results of Yao et  al. (2012), 
who found that Riza minimized the expression of the 
mRNAs of proenkephalin and substance P, as well as 
inhibited the analgesic role of the endogenous pain 
modulatory system in the rat midbrain. Histologically, 
this work also demonstrated that NTG caused marked 
vasodilation and engorgement of blood vessels, which 
were not only observed in the brain but were also seen 
in the liver and kidney. Histological lesions associated 
with NTG injection were markedly reduced by the 
prophylactic use of Riza, indicating the protective 
effect of Riza against NTG-induced vasodilation. 
These observations were strengthened by the fact that 
the NTG administration causes potent vasodilation, 
which was mediated by the conversion of NTG into 
nitric oxide in the endothelial layer of blood vessels 
that triggers a migraine attack (Tassorelli et  al., 
1999; Sureda et  al., 2022). However, consistent with 
several preclinical studies, our data showed that 
Riza caused vasoconstriction of blood vessels and 
reduced cerebral blood flow, which resulted in relief 
of migraine onset. This result was markedly obvious 
in histological sections. Furthermore, we evaluated 
the toxicopathological changes associated with daily 
use of 10 mg/kg of Riza alone. Interestingly, the data 
demonstrated that there were no tissue or vascular 
alterations in the examined tissues, especially in 
the brain. These findings support the evidence of 
cerebrovascular safety of Riza based on preclinical 
experiments (Gori et al., 2005). 

Conclusion
Taken together, this study demonstrates for the first 
time that the rabbit model might be a more suitable 
and promising model to study migraine, in addition 
to identifying the pathogenesis underlying migraine 
attacks, screening, and testing a new generation of 
antimigraine medications. Moreover, pretreatment 
of rizatriptan benzoate would be a drug of choice to 
minimize the symptoms of migraine.
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