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Abstract

S-adenosylmethionine (SAMe) has an antioxidant, anti-inflammatory
and DNA methylation modulating effect. This study investigated the
above effects of SAMe in Nitroglycerine (NTG) induced acute and chronic
migraine mice model. Migraine was induced by injecting Nitroglycerine
10mg/kg. Mice were fed with SAMe in doses of 150 mg/kg and 250 mg/
kg. Positive control (PC) groups received Sumatriptan (0.6 mg/kg) for
acute model and propranolol (20 mg/kg) for chronic model. To assess the
effect of SAMe, neurobehavioral tests (Hot plate test and 2-chambered
box test) and biochemical tests (MDA & TNF-o and DNA methylation)
were conducted. WithSAMe 250 mg/kg, there was a significant increase
in withdrawal latency and increased time spent in light box versus disease
control and it was comparable to sumatriptan (p>0.05) at 2hrs. In chronic
migraine model, the improvement was consistent from Day 7 for both
doses of SAMe. Treatment with SAMe with both doses recovered levels
of MDA and TNF-a whereas 5-methylcytosine (5-Mc) levels showed
significant rise only for SAMe 250 mg/kg group.Results of this study
showed that SAMe 250 mg/kg dose has a potential to relieve pain for both
acute and chronic migraine. The therapeutic mechanism for this effect
could be due to its ability to decrease inflammatory markers like TNF-a, to
decrease the oxidative stress by reducing MDA levels and restoring the
DNA methylation changes.

Keywords: TNF-alpha, MDA, 5-mc, SAMe, Hot plate method, Two
chambered box

Abbreviations: SAMe: S-adenosyl L-Methionine; NTG: Nitroglycerine;
NMDA: N-methyl-D-aspartate; NSAID: Non-Steroidal Anti-Inflammatory
Drugs; TCI: Tricyclic antidepressant; ACEI: Angiotensin-converting enzyme
inhibitors; ARB: Angiotensin II Receptor Blockers; CGRP: Calcitonin Gene-
Related Peptide; NO: Nitric Oxide; CPCSEA: Committee for the Purpose of
Control and Supervision of Experiments on Animals; DNA: Deoxyribonucleic
Acid

LLP: Intra Peritoneal; ANOVA: Analysis of Variance; MDA:
Malondialdehyde; TNF-a: Tumor necrosis factor; DC: Disease control; NC:
Normal control; SAMe 150: SAMe 150 mg/kg; SAMe 250: SAMe 250 mg/
kg; Suma: Sumatriptan; Prop: Propranolol

Introduction

Migraine is a debilitating disorder and a common cause of reduced
quality of life in patients. [1]. Migraine ranks among the top 20 causes of
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disability globally and is one of the forefronts causes of
disease burden among women of 15-44 years of age [2].
On an average, migraine affects almost 1 in 10 individuals
with a twice higher female preponderance as compared to
males [3]. Evidence suggests that the prevalence of migraine
in western countries is 11.4 % which closely mirrors the
global prevalence of 11.6%. Understanding of complex
migraine pathophysiology has improved significantly since
last decade. Migraine is no longer thought of as primarily a
vascular abnormality but instead as a disorder of neuronal
excitability. Cortical spreading depression (CSD) is neural
depolarization spreading across the cortex leading to a release
of neurotransmitters and regional changes in blood flow,
likely contributing to aura phase of migraine. Activation of
the trigeminovascular system is considered as mechanism for
headache. Input from the meningeal vessels (via adenylate
cyclase-activating polypeptide and calcitonin gene-related
peptide) pass through the trigeminal ganglion and eventually
synapse onto thalamic neurons, contributing to migraine pain

[4].

Apart  from  these  pathogenic = mechanisms,
neuroinflammation and oxidative damage are now emerging
as new theories for migraine pathogenesis. Various cytokines,
including tumour necrosis factor (TNF), interleukin 1
(IL-1) and adiponectin, have been implicated in inflammation,
modulation of the pain threshold, trigeminal nerve fibre
sensitization, and ultimately the precipitation of migraine [5].
The metabolic changes in the cerebral cortex associated with
intracellular calcium overload during CSD increase need
of oxygen which could induce oxidative stress and change
levels of oxidative biomarkers like glutathione (GSH),
dismutase, catalase [6, 7]. Literature search also suggested
that epigenetic mechanisms may contribute to CSD by
changingneuronal plasticity and neuroprotection which is
mainly associated with FHM mutation. Changes in episodic
to chronic migraine can be associated with changes in the
DNA methylation profile most strongly associated with CpG
site at the SH2DS gene, which is involved in the regulation of
synaptic plasticity [8].

Pharmacological therapy is important for treatment of
both acute attack and also as preventive therapy for chronic
migraine [9]. Use of acute medications like ergotamine,
triptans, NSAIDS, is thought to cause a rebound headache [10,
11]. Moreover, these drugs cannot be given in about 10-15% of
patients on account of side effects contraindications. Most of
the drugs used for prophylaxis of migraine are off label drugs
as there are limited numbers of approved medications. Most
widely used classes for prophylaxis of chronic migraine are
beta blockers (propranolol), antidepressants (amitriptyline),
Calcium channel blockers (verapamil, flunarizine) and drugs
acting through other mechanisms (topiramate, gabapentin,
eptinezumab etc) [12, 13]. These drugs lead to failure in the
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clinical practice due to poor efficacy and tolerability. Hence,
researchers are looking for new alternatives targeting newer
pathophysiological mechanisms in the treatment of migraine.
Targeting inflammatory, oxidative and methylation pathway
could be promising approach for development of new
drugs.S-adenosylmethionine is final methyl donor in DNA
methylation reaction.DNA methylation, as an epigenetic
mechanism, plays a pivotal role in the regulation of gene
transcription and establishment and maintenance of cellular
identity, which is disrupted in many diseases including
migraine. Due to its effect on DNA methylation, SAMe has
been commissioned for use in diseases such as Parkinson’s
disease, Alzheimer’s disease, depression, epilepsy,migraine
and several other neurological diseases. In various studies
SAMe have shown to exert anti-inflammatory, antioxidant
effect apart from alternation of DNA methylation in various
areas of brain.Due to its wide range of actionsi.e., antioxidant,
anti-inflammatory SAMe can be a promising drug in migraine
[14, 15]. DNA methylation is functionally involved in chronic
pain and has possible implications for the development of
future pain treatment strategies. SAMe have shown to have
analgesic effect in neuropathic pain model.

The present study was planned to evaluate the
antimigraine effect of SAMe in nitroglycerine (NTG) induced
acute followed by chronic migraine in mice. The proposed
underlying mechanism i.e., analgesic,anti-inflammatory,
antioxidant and change in DNA methylation were explored
by determining TNFa, MDA and 5 Methylcytosine levels in
the whole brain.

Material and Methods

Institutional Animal Ethics Committee permission was
taken before the commencement of the study under the
reference number IAEC/12/2018. The study was conducted
in accordance with the ARRIVE and Committee of Purpose
of Control and Supervision of Experimentation in Animals
(CPCSEA) guidelines. Equal numbers of male and female
mice were randomly bred in the Central Animal House of Seth
GS Medical College & KEM Hospital, Mumbai. A total of
48Swiss albino mice were used in the study. Equal numbers of
male and female mice weighing 20-30 grams were randomly
bred. The animals were housed in air-conditioned rooms with
a temperature of 22 + 3° C and relative humidity of 30-70 %.
Each animal was housed in a single cage during the study.
Cages had grilled stainless-steel top with food cabinet and
could hold a polypropylene bottle for purified drinking water.

Experimental design [Fig:1]

For the experimental model of acute migraine i.e day 1
followed by chronic migrainei.e., day 1 to 11, there were five
groups consisting of six mice in each group. The groups were
as follows-
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Figurel: Flowchart depicting the methodology of NTG induced migraine model in mice

Group-1: Normal control: Received 0.9% normal saline,
intraperitoneally on all days from day 1 to 11.

Group-2: Disease control: Received nitroglycerine(10mg/
kg) intraperitoneally on day 1,3,5,7,9,11.

Group-3: Positive control: Received sumatriptan (0.6mg/
kg) [16] intra peritoneally 45 minutes after nitroglycerine
10 mg/kg intraperitoneally on day 1 for acute migraine and
received propranolol (20mg/kg) [17] intraperitoneally from
day 2 to 11, 45 minutes after nitroglycerine(10 mg/kg)
induction of chronic migraine( on the days when NTG was
administered).

Group-4: Received S-adenosyl methionine (150mg/
kg) [18] daily from day 1 to 11. On day 1,3,5,7,9,11 mice
received S-adenosyl methionine (150mg/kg) 45 minutes after
nitroglycerine (10 mg/kg).

Group-5: Received S-adenosyl methionine (250mg/
kg) [18] daily from day 1 to 11. On day 1,3,5,7,9,11 mice
received S-adenosyl methionine (250mg/kg) 45 minutes after
nitroglycerine (10 mg/kg). The doses of all study drugs were
selected from the previous literature.

The inducing agent, Nitroglycerine (NTG), was prepared
in 30% alcohol, 30% propylene glycol and water. It was then
freshly diluted in 0.9% saline to get a dose of 10 mg/kg. The
chemical SAMe used was procured from Bangalore Sales
Corporation, India and other chemicals were procured from
Sigma-Aldrich. Injections were administered in 10mL/kg
volume intraperitoneally.

Evaluation methods:

Behavioural assessment- Hot Plate test [19]:

Mice were placed on a heated metallic plate, which was set
thermostatically at 52.5+ 0.1 °C. Reaction time was measured
in seconds (s) with a stopwatch just before (baseline) and
2 hrs after administration of NTG. The endpoint used was
licking of the hind paws or jumping. A cut-off time of 45s
was adopted to prevent injury to the paws of the animal.

Two chambered test [20]:

Light-aversive behaviour was examined in mice just
before (baseline) and 2hrs after NTG injection. Before
testing, mice were acclimatized at least 1 hr in their cages in
the testing room with the lights on. Mice were placed on the
dark side and the door connecting dark and bright sides were
opened after 3 seconds. Door was used so that the mice do not
enter lit chamber immediately with their motivation to escape
from the experimenter. Time spent in the light chamber of
the box was measured for a 10-min period and expressed in
seconds (s).

Biochemical studies [21]:

All mice were sacrificed on day 11by administering 50
mg/kg Thiopentone sodium intraperitoneally. The whole
brain of the mice was dissected out and used for biochemical
estimation.

Malondialdehyde (MDA) estimation,
Necrosis Factor-a (TNF- a) estimation:

Tumor

Whole brain was used for biochemical analysis. The brain
tissue was kept in cooled 0 .9% saline in a small container
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Figure 2: Effect of SAMein NTG induced Acute Migraine Model-
2a) Paw withdrawal latencies in Hot Plate Test and 2b) Time spent
in light chamber in Two chambered box test.

Legendn=6, values expressed as mean = SD.

Between group comparison for 2-hr readings: One way ANOVA
followed by post hoc Tukey's test. © - p = <0.001 vs Normal
control;*-p = <0.05 vs disease control, $-p = < 0.05 vs SAM 150
mg/kg,

NC:Normal Control, DC: Disease Control, SAM: S-adenosylmethionine

which was then kept on ice, blotted on filter paper and then
weighed and homogenized in cold phosphate buffer (0.05 M,
pH 7.4) using the Bead Mill instrument.The homogenates
were centrifuged at 10,000 rotations per minute (rpm) for 10
min at 4°C. The supernatant obtained was again centrifuged at
15,000 rpm for 1 hour at 4°C. MDA was estimated in nmoles/
ml, whereasTNF- o was estimated in pg/ml.

DNA methylation assay [22]:

Remaining volume of the supernatant sample from the
above procedure was used for DNA elution. 20 mg of tissue
was cut into pieces before lysing with proteinase K and
buffer TG-A in 56 OC water bath, then TG-B was added and
the solution was kept in a 70°C water bath for 10 minutes.
The reaction was stopped by adding 100% ethanol, and the
solution was transferred to collection tubes. The tubes were
centrifuged, the DNA was washed in buffers WAG and WBI1,
and the final DNA pellet was re-suspended in Tris-EDTA.

Jalgaonkar S, et al., J Pharm Pharmacol Res 2023

Volume 7 « Issue 1 | 23

The DNA was then checked for purity using the Nanodrop
spectrophotometer. The extracted DNA was then used for
DNA methylation assay. The MethylFlashTM Global DNA
Methylation (5-mc) was estimated colorimetrically by
ELISA kit. In this method, the DNA was bound to strip wells
that are specifically treated to have a high DNA affinity. The
methylated fraction of DNA was detected using capture and
detection antibodies and then quantified colorimetrically by
reading the absorbance in a microplate spectrophotometer at
450 nm.

Statistical analysis:

Data was analysed using SPSS version 25. Level of
significance was set at p< 0.05. The results were expressed as
mean (+/-) standard deviation. Repeated measures ANOVA
followed by post-hoc Tuckey test was used for neuro-
behavioral tests for chronic migraine model and one-way
ANOVA followed by post-hoc Tuckey test for acute migraine
model (neuro-behavioral tests) and analysis of biochemical
tests.
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Figure 3: Effect of SAMe in NTG induced Chronic Migraine
Model- 3a) Paw withdrawal latencies in Hot Plate Test and 3b) Time
spent in light chamber in Two chambered box test

Legend: Each day between group comparison: One way ANOVA
followed by post hoc Tukey' s test.*-p = < 0.05 vs disease control,
same day, $-p = < 0.05 vs SAM 150 mg/kg, same day,#-p = < 0.05
vs SAM 250 mg/kg, same day.Within group comparison: Repeated
measures ANOVAp = <0.05 statistically significant over 11 days
time within the group; NC: Normal Control, DC: Disease Control,
SAM: S-adenosylmethionine
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Results

We evaluated the paw withdraw latencies (Fig 2a, hot
plate test) and time spent in light chamber (Fig 2b, two
chambered box test). In the acute migraine phase, injection
of NTG significantly reduced paw withdrawal latencies
and time spent in the light chamber in DC group at 2 hrs.
With SAMe 250 mg/kg there was a significant increase in
withdrawal latency (p<0.05) and increased time spent in light
box (p<0.05) versus DC at 2hrs. In both these behavioral
tests, the results of the above-mentioned variables for SAMe
250 mg/kg group were comparable to PC sumatriptan at 2hrs
(p>0.05). There was no improvement in SAMe 150 mg/kg
group in acute migraine phase on day 1.

Repeated injection of NTG in the chronic migraine
model significantly reduced the paw withdrawal latencies
and time spent in the light chamber which suggested the
development of thermal hyperalgesia and photophobia.
However, following treatment with SAMe for 11 days, there
was a significant improvement in paw withdrawal latencies
compared to DC group in the hot plate test (p<0.005). In the
two chambered box, there was significant increase in the time
spent in light chamber for 250 mg/kg dose of SAMe vs DC
group. (p<0.001). The improvement was consistent from
day 3 to day 11. The results for 250 mg/kg dose of SAMe
were comparable to propranolol for hot plate test (p>0.05).
In chronic migraine model, the improvement was consistent
from Day 7 for both doses of SAMe Fig:3.

MDA and TNF-a were increased and 5 Methylcytosine
levels were decreased in Disease Control group indicating
general oxidative stress, inflammation and hypomethylationin
chronic migraine model. Treatment with both doses of
SAMerecovered the levels of MDA and TNF-awhereas 5
Mc levels showed significant rise only for SAMe 250 mg/kg
group, compared to DC group [Fig 4].

Discussion

A systematic review conducted by Woldeamanuel et al.
found global prevalence 11.6% with pattern of rising global
migraine prevalence. Migraine has complex pathophysiology
with main focus on trigeminovascular system as the main
structure causing migraine headache and its related symptoms.
However, accumulative evidence also suggests oxidative
stress playing significant role in migraine pathogenesis
characterized by elevated MDA levels. Apart from oxidative
stress, neuroinflammation with elevated levels of cytokines
including TNF-a and epigenetic modification of certain genes
may have role in pathogenesis of migraine [23]. The low
methylation trend overall especially in RAMP1 gene have
been observed in migraine patients. Migraine patient have
shown high levels of homocysteine [24].
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Figure 4:Effect of S-adenosylmethionine in NTG induced
migraine model on biochemical variablesestimated in mice whole
brain 4a) Malondialdehyde 4b)Tumor Necrosis Factor- a and 4c)
5-Methylcytosine.

Legend: n=6, values expressed as mean £ SD. One way ANOVA
followed by post hoc Tukey' s test

@ - p=<0.001 vs Normal control; *-p = < 0.05 vs disease control,
$-p =<0.05 vs SAM 150 mg/kg, #-p =< 0.05 vs SAM 250 mg/kg,
NC: Normal Control, DC: Disease Control, SAM: S-

Management of migraine is multidisciplinary approach
encompassing risk factor modification, effective treatment
for acute attack followed by prophylactic treatment to reduce
the headache frequency, severity and associated disability.
Discontinuation rates are high for patients who initiate oral
preventive therapy due to lack of efficacy and adverse events
of drugs used for prophylaxis highlighting an unmet need
for improved preventive therapies [25]. Nutraceuticals and
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vitamins like riboflavin are postulated to have role for the
migraine treatment as they effectively relieve pain and are
well tolerated compared to conventional pharmacotherapy.
SAMe is one of the nutraceuticals currently for treatment of
depression, osteoarthritis, hepatic disorders. It has shown to
have an antioxidant and anti-inflammatory effects as it have
shown to decrease oxidative and inflammatory markers like
MDA, TNF-a in invitro as well as in in vivo studies. SAMe
supplement reduces homocysteine levels and also corrects
the methylation status of genes involved in pathogenesis
of migraine headache [26].In the current study for acute
migraine phase behavioral tests like hot plate test and
2-chambered box test were performed after administration
of NTG. These tests determined pain and aura (pain due to
aura induced by presence of light) respectively which was
essential to determine analgesic property of our test drug
SAMe in migraine headaches. The tests were performed
for both acute and chronic migraine model, where recovery
from migraine was assessed by latency in hind paw licking
and time spent in light chamber for hot plate & 2-chambered
box respectively. Animal models of NTG induced migraine
are clinically relevant as the symptoms produced closely
mimic the symptoms of migraine seen in human. NTG
induced migraine model in previous studies have shown
to induce pain, aura as well as elevated levels of MDA,
TNF-a. Hence this model was considered to be appropriate
to study therapeutic effect as well as to explore the intended
mechanisms of SAMe.

The pain and aura induced by NTG in acute model were
sustained till 2 hours. Similar results were seen in a study by
Bates et al in which a dose of 10 mg/kg, NTG-induced thermal
hypersensitivity developed within 30 min, peaked at 60 min,
and subsided by 4 h after injection [16]. In this study authors
also found that sumatriptan reduces thermal and mechanical
hyperalgesia. This justifies the selection of sumatriptan as
positive control for acute migraine model of our study. In
our study as well, positive control sumatriptan decreased the
thermal hyperalgesia. There was an increase in withdrawal
latency and time spent in light chamber box at 2hr for high
dose of SAMei.e., 250mg/kg. Results of the study indicated
that SAMe in high dose may relieve pain and aura in the acute
migraine.Chronic intermittent administration of NTG results
in a progressive and sustained basal hyperalgesia along with
acute hyperalgesia with each NTG dose which can be blocked
by propranolol but not by Sumatriptan. Hence propranolol
was used as a positive control for the current study. It has
been recommended that chronic NTG model could be used
as an additional tool for the relatively rapid screening of
potential preventive compounds. The proposed compound
SAMe in both doses have shown considerable improvement
in basal hyperalgesia in chronic migraine model.
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Migraine has complex pathophysiology and hence various
genetic, neuromodulatory, inflammatory, neuroimaging
biomarkers have been suggested for the diagnosis as well
as prognosis of migraine. Among these MDA for oxidative
stress and TNF-a for neuroinflammation [21] have been
used previously in isoproterenol induced CHF experimental
model. In migraine MDA as well as TNF-a levels are
elevated. As SAMe possesses both antioxidant as well as
anti-inflammatory property it has shown decrease in levels of
both of these biomarkers.

DNA  methylation/demethylation  regulates  gene
expression and is required for normal brain development.
Disturbance in DNA methylation are associated with a
number of cardiovascular, autoimmune, neurological diseases
and cancer. Epigenetic studies of migraine have shown the
link between changes in DNA methylation in various genes
involved in migraine pathophysiology. There are elevated
homocysteine levels in patients with migraine with aura. In
a randomised controlled trial conducted in patients having
raised homocysteine levels and frequent attacks of migraine
showed reduced level of homocysteine and decreased
migraine attacks after supplement of Dietary folate and
Vitamin B12 [27]. Studies have shown that supplement with
SAMe bring back levels of homocysteine to normal level
thus improving methylation status which is decreased if
there is global hypomethylation. 5-methylcytosine (5-MC)
is a validated biomarker for DNA methylation [26]. In our
study we found decreased 5-MC levels in brain indicating
global hypomethylation in rats with NTG induced migraine
[28]. Study drug SAMe showed increase in 5 MC levels thus
improving the methylation status in migraine.

Limitations of the study

The study has only 6 mice per groups and the study results
are only exploratory in nature. Although we have tried to
include important biomarkers involved in pathophysiology
of migraine, other important biomarkers like CGRP could
not be included in the study. Similarly, to explore epigenetic
mechanism we have considered global methylation in the
whole brain region, instead a specific region in the brainwith
genes involved in migraine pathophysiology could be studied
for more specificity. Further studies can be taken to explore
this in-depth mechanism of SAMe for its beneficial effect in
migraine.

Conclusion

Results of the study indicate that SAMe 250 mg/kg dose
has a potential to relieve migraine pain due to its analgesic
effect and is also potential candidate for prophylaxis of
migraine. The therapeutic mechanism for its overall effect
could be due to its ability to decrease inflammatory markers
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like TNF-0, to decrease the oxidative stress by increasing
GSH levels. Another important mechanism for the drug
SAMe could be to restore the DNA methylation changes in
brain regions.
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