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 The present study aimed to determine the efficacy of intranasal administration of a 
standardized extract of Gotu kola, i.e., Centella asiatica (L.) Urban (INDCA-NS) with marker 
triterpenoids for the prevention of nitroglycerine- (NTG)-induced recurrent migraine in rats. 
Adult rats of both sexes in a group of 12 were administered intraperitoneal NTG (10 mg/kg) on 
alternate days (D1 to D9) once daily and intranasal solutions of either vehicle (saline, 50 µL/rat/
day), sumatriptan (80 µL/rat/day of 12 mg/ml) as positive control, or INDCA-NS (10, 30, or 100 
µg/rat/day) in two divided doses for 21 days. Behavioral and biochemical parameters related 
to concurrent migraine pain (facial expressions on the grimace scale, thermal hyperalgesia, 
mechanical allodynia, and plasma and brain levels of pituitary adenylate cyclase-activating 
polypeptide and nitric oxide), and stress (photophobia and cortisol levels in the brain and 
serum) were measured. The intranasal administration of INDCA-NS prevented NTG-induced 
migraine-like pain, photophobia, and stress in a dose-dependent manner. At the same time, 
sumatriptan alleviated pain and anxiety but not photophobia. In conclusion, the intranasal 
administration of INDCA-NS showed prophylactic efficacy against recurrent NTG-induced 
migraine pain in rats.
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 Migraine is a persistent and debilitating 
neurological condition marked by intense 
headache pain, as well as other symptoms such 
as nausea, vomiting, and sensitivity to light 1. 
Chronic migraine is a highly disabling condition 
characterized by headaches for 15 days or more per 
month2. Migraine is the most disabling neurological 
condition3, affecting approximately 12% of the 
global population 4. They are a major cause of 
significant disability and reduced quality of life 5.
 Migraine is often accompanied by 
photophobia, phonophobia, and gastrointestinal 

distress such as nausea and vomiting6. These 
disorders not only have a significant personal 
impact by decreasing the quality of life but also 
impose a financial burden7, 8. Chronic migraine is 
a progressive disorder 9 that requires prophylactic 
treatment to reduce attack frequency, severity, and 
duration, increase responsiveness to acute migraine 
therapy, and improve the overall quality of life 9, 10. 
 Despite significant advancements in 
conventional therapies, multipronged attacks 
on neurological (pain and inflammation) and 
psychological (stress and neurotransmitter 
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imbalances) aspects are required for effective 
migraine prophylaxis. Intranasal administration of 
sumatriptan (SUMA) has recently been explored as 
a prophylaxis against migraine-like headaches, but 
limitations in formulation and bioavailability have 
been reported 11. In this context, natural plant-based 
products with multipronged actions are promising 
and safer alternatives for migraine prevention.
 Gotu kola leaves are a natural source of 
ingredients reported to have prophylactic efficacy 
against experimental migraine. Traditionally, the 
whole plant or leaves of Gotu kola (Centella asiatica 
(L.) Urban i.e. C. asiatica) have been known as a 
brain tonic12. The broad pharmacological activity 
profile was attributed to pentacyclic triterpenoid 
glycosides, which are secondary metabolites of 
the leaves 13, with The most promising compounds 
being centelloids (asiaticoside, madecassoside, 
centelloside, brahmoside, brahminoside, 
thankuniside, and sceffoleoside) and their aglycone 
acids (asiatic, madecassic, brahmic, and centellic 
acids), which are known for their efficacy against 
neurological and psychological cognition 14. 
The efficacy of “triterpenoid-based standardized 
extract of C. asiatica leaves” (INDCA) against 
chronic mild stress 15, social isolation stress-
induced suicidal behavior 16, post-ictal depression 
17, olfactory bulbectomy-induced depression and 
anxiety 18 with 5-HT1A and 5-HT1B receptor 
involvement has been reported19.
 The nasal route of administration is 
an attractive alternative to oral anti-migraine 
medications because it avoids disadvantages, 
such as limited effectiveness, slow onset, and poor 
bioavailability in the brain 20, 21. The trigeminal 
nerve innervates the nasal mucosa and connects the 
brainstem, where migraine pain originates 22, 23. In 
addition, intranasal SUMA acts on the trigeminal 
pathway to provide faster pain relief24. 
 Intranasal instillation of INDCA nasal 
solution (INDCA-NS) shown to alleviate acute 
pain induced by a single injection of nitroglycerin 
(NTG) 19. However, a single administration of 
NTG in animals does not mimic the pulsative 
behavioral symptoms of human migraine, namely 
episodic pain 25 and photophobia 26, as stated in 
the “International Classification of Headache 
Disorders diagnostic criteria” 27. Therefore, the 
present study evaluated the effects of INDCA-NS 
on behavioral and biochemical changes induced by 

repeated doses of NTG in rats, a clinically relevant 
animal model of recurrent migraine. 

Materials and Methods

animals 
 Sprague-Dawley rats (Male and female, 
weighing 150-200 grams) were purchased from 
Crystal Biological Solutions (Pune, India). The 
“Guidelines of the Committee for the Purpose 
of Control and Supervision of Experiments on 
Animals” was followed 28. The rats were housed in 
polypropylene cages and maintained in a controlled 
environment as recommended by the CPCSEA 
29. The rats were provided unrestricted access 
to drinking water and feed pellets supplied by 
Nutrivet Life Sciences (Pune, India). The protocol 
was approved by “Institutional Animal Ethics 
Committee” of study center with approval number: 
CPCSEA/PCL/32/2018, Dated 20-2-2019.
 All observations were conducted between 
9:00 AM and 4:00 PM. Each rat was used once 
during the experiment. A blinded observer 
(unaware of the administered treatment) performed 
all the observations. The rats were acclimated to 
the laboratory conditions (room temperature 25 ± 
2 °C and relative humidity of 45-55% under a 12h 
light:12h dark cycle) before being subjected to the 
testing protocol.
drugs and chemicals
 NTG was procured as an injection from 
Samarth Life Sciences Pvt. Ltd (Mumbai, India) in 
ampule form (concentration 5 mg/ml) and utilized 
as a stock solution. The stock solution of NTG 
(5 mg/ml) was diluted with saline to prepare a 
fresh solution to administer a daily intraperitoneal 
(i.p.) dose of 10 mg/kg based on the body weight 
of each rat on alternate days from D1 to D9 to 
induce chronic migraine pain in rats, as reported 
previously 25. SUMA succinate was a gift from 
Lupin Pharmaceuticals (Pune, India). SUMA 
solutions (12 mg/ml) were freshly prepared in 
saline for intraperitoneal administration in rats in 
the volume of 0.96 µg/rat/day (80 µl/rat/day as 40 
µl per rat, two times a day) to match the dose of 
0.3 mg/kg as suggested earlier 30, 31.
 Cortisol (Catalog no: CSB-E05112r, 
Cusabio, Houston, TX, USA) and “pituitary 
adenylate cyclase-activating polypeptide 38” 
(catalog number: E-EL-R1435, PACAP-38, Elab 
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Bioscience, Houston, TX, USA) estimation in rat 
tissue samples was performed by Enzyme-linked 
immunosorbent assay (ELISA) kits, that are 
purchased from a local distributor (GK BioScience, 
Pune, India).
 The test substance, INDCA-NS, was 
provided by Indus Biotech Limited (Pune, India) as 
an INDCA powder. A stock solution (1 mg/ml, 1000 
µg/ml) of INDCA-NS was prepared and suitably 
diluted (3 and 10 times dilution). The final dose 
per rat was 2.5, 7.5, or 10 ìg /nostril, twice daily, 
that is, 10, 30, and 100 µg per rat per day. Each 
dose was intranasally administered 30 min before 
NTG in a volume of 25 µl/nostril, which is a safe 
intranasal volume in rats 32.
Grouping and treatment schedule
 The study was performed on 72 rats and 
randomized into six groups (G1–G6) of 12 rats each 
(six males and six females). G1 served as a vehicle 
control (VC) and received intranasal treatment 
with 25 µL of saline twice daily (50 µL/rat/day) 
for 21 days. G2 (NTG-C) received intraperitoneal 
administration of NTG (10 mg/kg) every alternate 
day from D1 to D9 of the study and intranasal 
administration of saline (25 µL/nostril twice a 
day, 50 µL/rat/day) for the remaining 21 days 
of the study (21 days). Groups G3–G6 received 
intraperitoneal administration of NTG (10 mg/kg) 
every alternate day from D1 to D9, along with other 
treatments as follows: In G3, the positive control 
(SUMA) received daily intraperitoneal treatment 
with SUMA succinate (80 µL/rat/day, i.e., 40 µL/
rat, twice daily). Groups G4–G6 received intranasal 
INDCA-NS at doses of 10, 30, and 100 µg/rat/day 
(2.5, 7.5, and 25 µg/nostril/twice a day). 
Facial response to pain 
 The pain was quantified by examining and 
scoring the facial features of rats from 15 to 30 min 
(15-min duration) of NTG administration using “rat 
grimace scale” (RGS) 33, 34 by an observer blinded 
to the treatment. During the test, rats were kept in 
stable cages to reduce stress. Four facial features 
such as Orbital tightening (visible wrinkles around 
the eyes, closing of the eyelid, narrowing of orbital 
area), Nose/cheek (and sunken look), ear changes 
(curl inwards and angled ‘pointed’ shape, increased 
space between the ears), and whisker changes 
(stiffened, angle along the face, ‘clump’ together, 
lose ‘downward’ curve) scored on the scale: zero 
(not present), one (moderate) and two (obvious) 33, 

34. The total score for all features was calculated as 
the total grimace score.
Mechanical allodynia using von Frey filament 
test
 Mechanical allodynia was measured using 
a von Frey esthesiometer (ALMEMO 2390-5, 
IITC Life Science, USA), following a previously 
reported procedure 25, 35. Briefly, on every alternate 
day of the study, each rat was acclimated for 30 
min in a von Frey aesthesiometer before testing for 
mechanical allodynia. Mechanical allodynia was 
measured by applying pressure to the mid-plantar 
region of the hind paw through a von Frey filament 
probe in ascending order until the reaction of the 
rats (paw withdrawal) was recorded on the display 
and paw withdrawal latency (PWL expressed in 
grams). The PWLs of both paws were added and 
analyzed.
Thermal hyperalgesia using tail-flick test
 Thermal analgesia was measured by pain 
latency using a tail-flick analgesiometer (UGO 
Basile, Italy), as reported previously 31. Every 
alternate day of the study, the tail was placed on 
a hot wire, and 90 min after NTG administration, 
pain literacy (time taken by the rat to withdraw its 
tail) was recorded with a cut-off time of 15 seconds 
to prevent potential burn injuries.
Photophobia using light-dark box
 Photophobia was evaluated using a 
conditioned place apparatus (VJ Instruments, 
Karanja, India) as previously reported 26. The 
apparatus consisted of two chambers: one light 
(white wall) and one dark (black wall) chamber. 
Every other day, the rat was positioned in the corner 
of the white chamber, with its back turned towards 
the experimenter. To prevent latent learning, the 
rats were allowed to investigate the white and 
dark chambers for 10 min during the habituation 
process. The behavior of the rats was monitored for 
20 min using an automated video tracking system 
(MazeMaster, VJ Instruments, Karanja India) to 
measure “time spent in the light chamber,” “total 
transitions between the chambers” and “ ratio 
of time spent in the light to dark chamber” were 
calculated and analyzed. 
Determination of biochemical markers in 
plasma, brain, and serum samples
 Rats were euthanized on the last day of 
the study (day 21). Blood samples (four ml) were 
collected from the hearts. One milliliter of blood was 



1448 Thakurdesai et al., Biomed. & Pharmacol. J,  Vol. 17(3), 1445-1459 (2024)

drawn and allowed to clot, subsequently yielding 
the serum. Two milliliters of blood were mixed with 
an anticoagulant, ethylenediaminetetraacetic acid, 
and centrifuged (Remi Diagnostics, Mumbai, India) 
at 15,000 rpm for 15 min at 4 °C. Brain samples 
were collected, weighed, and homogenized in 
phosphate buffer solution. All biological samples 
(serum, plasma, and brain) were stored at -20 °C 
till the biochemical estimations were performed. To 
ensure the integrity of the samples, the blood and 
brain samples collected for NO measurements were 
preserved with addition of PBS, N-ethylmaleimide 
(NEM), and EDTA, and were subsequently 
homogenized in the same solution as previously 
suggested36. 
 The concentrations of PACAP and cortisol 
were estimated using ELISA kits according to the 
manufacturer’s instructions. The concentration of 
NO was determined by measuring the total nitrite 
concentration using Griess reaction, and absorbance 
was measured at 546 nm using a spectrophotometer 
(Shimadzu, Kyoto, Japan) 37. A plot of absorbance 
versus log (concentration) was plotted. The results 
were expressed as concentration per milliliter 
(plasma, serum, and brain homogenate), and per g 
(content/brain weight) was calculated. 
statistical analysis
 Data are presented as mean ± standard 
error of the mean (SEM). Statistical analysis was 
performed using GraphPad Prism for Windows (V. 
8.0, GraphPad, San Diego, USA). A plot of facial 
response to pain (total grimace score), mechanical 
allodynia (PWL on von Fray), thermal hyperalgesia 
(PWL in tail-flick test), or photophobia (time spent 
in the light chamber) with “day of treatment” 
was plotted, “area under the curve” (AUC) was 
calculated and analyzed using one-way ANOVA 
followed by Dunnett’s test for between the groups 
comparison. Data on the number of transitions, 
the ratio of time spent between light and dark 
chambers, and biochemical markers (PACAP, 
cortisol, and NO) were analyzed using one-way 
ANOVA and Dunnett’s test for comparison 
between the groups. Differences were considered 
statistically significant at P < 0.05. 

results

 The results obtained from pain-related 
responses, such as the total grimace score, tail-flick 

latencies, and von Fray latency, are presented in 
Figure 1. The effects on NTG-induced photophobia 
in terms of time spent in the light chamber, total 
transitions between chambers, and time obtained 
from the light-dark paradigm are presented in 
Figure 2. The effects of NTG-induced pain-related 
biomarkers, namely brain PACAP, plasma PACAP, 
brain NO, and serum NO, are shown in Figure 
3. The effects of NTG-induced stress-related 
biomarkers, namely brain cortisol and serum 
cortisol, are presented in Figure 4.
effects on facial response to pain 
 One-way ANOVA of the facial response 
to pain (total Grimace score) data revealed a highly 
significant treatment effect [F(5.66) = 60.36, P 
< 0.001]. Dunnett’s multiple comparisons test 
showed NTG-C group has 700% (P < 0.001) 
higher Grimace score than VC. SUMA-treated 
rats exhibited a 48% (P < 0.001) lower score, 
whereas the INDCA-NS-treated groups showed 
significantly (P < 0.001) and dose-dependent (50%, 
72%, 78%) lower scores compared with NTG-C 
(Figure 1A). 
effects on Mechanical allodynia
 One-way ANOVA of the mechanical 
allodynia data in terms of the AUC of the tail-flick 
latency revealed a significant treatment effect [F(5, 
66) = 10.78, P < 0.001]. The 37% decrease (P < 
0.05) in NTG-C group than VC. The SUMA and 
INDCA-NS (10) groups did not show statistically 
significant effects, whereas the INDCA-NS 
(30) and INDCA-NS (100) groups showed 72% 
and 119% increases (P < 0.01 and P < 0.001, 
respectively) vs. NTG-C (Figure 1B).
effects on thermal hyperalgesia
 A one-way ANOVA of the thermal 
allodynia data in terms of the AUC of PWL 
revealed a significant treatment effect [F(5, 138) 
= 181.8, P < 0.001]. A 71% decrease (P < 0.001) 
was observed in the NTG-C group compared to the 
VC group. A statistically significant (P < 0.001) 
increase was observed in the PWL of the SUMA 
and INDCA-NS (10, 30, or 100) groups (115%, 
121%, 255%, and 254% increase, respectively) 
compared with the NTG-C group ((Figure 1C). 
effects on Photophobia – auC of time spent 
in light chamber
 A one-way ANOVA of the time spent in 
the light chamber in terms of AUC during the light-
dark test revealed a significant treatment effect 
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Fig. 1. Effects of treatments on pain-related responses (A) Total Grimace score, (B) Tail Flick latency and (C) 
von Fray latency. AUC, area under the curve; VC, vehicle control; NTG, nitroglycerin; NTG-C, NTG control; 
SUMA, sumatriptan at 80 µL/rat/day of 12 mg/ml (0.96 µg/rat/day). INDCA- triterpenoids-based standardized 

Gotu kola leaves extract, INDCA-NS -Nasal solution of INDCA, Figure in parentheses indicate dose µg/rat/day. 
The data are represented as mean ± standard error of the mean. ## P < 0.01, ### P < 0.001 (vs. VC); * P < 0.05, 

** P < 0.01, *** P < 0.001 (vs. NTG-C) - One-way ANOVA with Dunnett’s multiple comparison test
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Fig. 2. Effects of treatments on NTG-induced photophobia in Light-dark paradigm (A) Time spent in light 
chamber (B) Ratio of time spent in dark v/s light chamber and (C) Total transitions between chambers. AUC, area 
under the curve; VC, vehicle control; NTG, nitroglycerin; NTG-C, NTG control; SUMA, sumatriptan at 80 µL/
rat/day at 12 mg/ml conc (0.96 µg/rat/day). INDCA- triterpenoids-based standardized Gotu kola leaves extract, 
INDCA-NS -Nasal solution of INDCA, Figure in parentheses indicate dose µg/rat/day. The data are represented 

as the mean ± standard error of the mean. # P < 0.05, ## P < 0.01, ### P < 0.001 (vs. VC); * P < 0.05, ** P < 
0.01, *** P < 0.001 (vs. NTG-C) One-way ANOVA with Dunnett’s multiple comparison test
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Fig. 3. Effects of treatment on NTG-induced pain-related biomarkers: (A) Brain PACAP, (B) Plasma PACAP, (C) 
Brain NO (D) serum NO. PACAP- Pituitary adenylate-cyclase-activating polypeptide, NO – Nitric oxide, VC–

Vehicle Control, NTG – Nitroglycerine, NTG-C – NTG control, SUMA – Sumatriptan at 80 µL/rat/day of 12 mg/
ml conc (0.96 µg/rat/day). INDCA- triterpenoids-based standardized Gotu kola leaves extract, INDCA-NS -Nasal 
solution of INDCA, Figure in parentheses indicate dose µg/rat/day. The data are represented as mean ± standard 
error of the mean. # P < 0.05, ## P < 0.01, ### P < 0.001 (vs. VC); * P < 0.05, ** P < 0.01, *** P < 0.001 (vs. 

NTG-C) One-way ANOVA with Dunnett’s multiple comparison test

[F(5, 66) = 12.80, P < 0.001]. The 44% decrease (P 
< 0.05) in NTG-C group than VC. The SUMA and 
INDCA-NS (10) groups did not show statistically 
significant effects, whereas INDCA-NS (30) and 
INDCA-NS (100) showed 119% (P < 0.001) 
and 186% increases (P < 0.001), respectively, 
compared to the NTG-C group (Figure 2A).
effects on Photophobia – ratio of time spent 
in the light: dark chamber
 A one-way ANOVA of the ratio of time 
spent in the light:dark chamber as a measure of 
photophobia revealed a significant treatment effect 
[F(5, 66) = 3.002, P < 0.05]. Dunnett’s multiple 
comparisons test showed significant increase (P 
< 0.05) in NTG-C group than VC. Significant 
decreases of 83% (P < 0.05) and 91%, 89%, and 
95% (P < 0.001) were observed for the SUMA and 
INDCA-NS (10,30 or 100) treatments, respectively 
(v/s. NTG-C) (Figure 2B). 
effects on Photophobia - number of transitions 
during the light-dark test
 One-way ANOVA of the number of 
transitions during the light-dark test revealed a 

significant treatment effect [F(5, 66) = 5.937, P 
< 0.001]. Dunnett’s multiple comparisons test 
showed 34% decrease (P < 0.05) in NTG-C 
group than VC. The SUMA and INDCA-NS (10) 
groups did not show statistically significant effects, 
whereas INDCA-NS (30) and INDCA-NS (100) 
showed 68% (P < 0.01) and 59% increases (P < 
0.05), respectively, compared to the NTG-C group 
(Figure 1C).
Effects on biochemical markers 
Brain PaCaP
 One-way ANOVA of brain PACAP levels 
showed a significant treatment effect [F(5, 18) = 
311.89, P < 0.001]. There was a significant increase 
(158%, P < 0.01) in the NTG-C group compared 
to the VC group. A significant decrease of 100% 
(P < 0.001) and 99%, 94%, and 99% (P < 0.001) 
was observed in the SUMA and INDCA-NS (10,30 
or 100) treatments, respectively, compared to the 
NTG-C group (Figure 3A).
Plasma PaCaP
 One-way ANOVA of plasma PACAP 
levels revealed significant treatment-related effects 
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Fig. 4. Effects of treatments on NTG-induced stress biomarker (A) Brain cortisol (B) Serum cortisol VC- Vehicle 
Control., NTG – Nitroglycerine, NTG-C – NTG control, SUMA – Sumatriptan at 80 µl/rat/day of 12 mg/ml conc 
(0.96 µg/rat/day). INDCA- triterpenoids-based standardized Gotu kola leaves extract, INDCA-NS -Nasal solution 
of INDCA, Figure in parentheses indicate dose µg/rat/day. The data are represented as the mean ± standard error 
of the mean. # P <0.05, ## P < 0.01, ### P < 0.001 (vs. VC); * P < 0.05, ** P < 0.01, *** P < 0.001 (vs. NTG-C). 

One-way ANOVA with Dunnett’s multiple comparison test

[F(5, 50) = 2.148, P < 0.05]. A significant increase 
(169%, P < 0.05) in the Plasma PACAP levels was 
observed in the NTG-C group (vs. VC). The SUMA 
and INDCA-NS (10, 30, or 100) groups showed a 
decline (not significant) in plasma PACAP levels 
compared with the NTG-C group (Figure 3B).
Nitric oxide in the brain
 One-way ANOVA of brain Nitric 
oxide levels showed no significant treatment-
related effects [F(5, 35) = 1.159, not significant]. 

Furthermore, Dunnett’s multiple comparison tests 
did not reveal significant changes in plasma NO 
levels in the NTG-C group (vs. VC), SUMA 980), 
or INDCA-NS-treated groups (vs. NTG-C group) 
(Figure 3C).
Nitric oxide in plasma
 One-way ANOVA of plasma NO levels 
showed a significant treatment effect [F(5, 20) = 
6.446, P < 0.001]. There was a significant increase 
(8%, P < 0.05) in the NTG-C group compared with 
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that in the VC group. The SUMA group showed a 
5.4% (not significant) decrease compared with the 
VC group. INDCA-NS (10,30 or 100) treatments 
are shown. The plasma NO levels decreased by 
11% (P < 0.01), 12% (P < 0.001), and 10% (P < 
0.01), respectively( Figure 3D).
Brain cortisol
 One-way ANOVA of brain cortisol levels 
showed a significant treatment effect [F(5, 18) = 
11.00, P < 0.001]. Dunnett’s multiple comparisons 
test showed a huge and significant increase (773%, 
P < 0.01) in NTG-C group than VC. A significant 
decrease of 98% (P < 0.001), 96% ( P < 0,001), 
65% ( P < 0.01), and 64% (P < 0.01) was observed 
in the SUMA and INDCA-NS (10,30 or 100) 
treatments, respectively, compared to the NTG-C 
group (Figure 3A). 
serum cortisol
 One-way ANOVA of serum cortisol levels 
showed significant treatment effects [F(5, 35) = 
5.130, P < 0.01]. Dunnett’s multiple comparisons 
test showed significant increase (127%, P < 0.01) 
in NTG-C group than VC. A significant decrease of 
47% (P < 0.01) and 48% (P < 0.01) was observed 
in the SUMA and INDCA-NS (100) groups, 
respectively, compared to the NTG-C group. 
However, the 20% and 19% decrease in serum 
cortisol levels observed in the INDCA-NS (10) and 
INDCA-NS (30) groups, respectively, compared to 
the NTG-C group, were not statistically significant 
(Figure 4B). 

disCussion

 Many medications are used to manage 
migraine attacks and to reduce the intensity 
and duration of pain. However, migraine 
prophylaxis is challenging due to the limited 
availability of effective and safe options. Current 
prophylactic treatments often involve repurposed 
antihypertensives or antiepileptic medications, 
each with its own set of side effects and usage 
limitations 38. 
 The present study evaluated the efficacy 
of INDCA-NS against NTG-induced migraine-
like pain in rats mimicking chronic recurrent 
migraine. The intense pulsating pain of migraine 
is progressive and is often accompanied by various 
stress-related symptoms 39, 40. In the present study, 
INDCA-NS prevented TG-induced symptoms of 

pain (facial expression, mechanical, and thermal 
allodynia) and stress- (photophobia) related 
behavior and biochemical markers (PACAP, NO, 
and cortisol) in rats. 
 Intraperitoneal administration of NTG 
mimics some key features of migraine, including 
trigeminal neuron activation and nociceptive 
behavior, owing to its vasodilatory effects 39. 
NTG-induced migraine-like pain in animals is 
accompanied by allodynia 41, involves brainstem 
regions such as human migraine attacks 42, and 
is blocked by known prophylactic agents 43. 
Therefore, NTG has been extensively used to 
induce migraine-like symptoms in experimental 
animals 44. 
 However, studies on NTG-induced 
migraine with a single injection do not fully 
represent clinical migraine in terms of induction 
frequency (episodes) or behavioral endpoints 
45 and have poor clinical relevance 26. Recent 
reports have confirmed the need for recurrent NTG 
episodes, such as light sensitivity and photophobia, 
to produce the clinically relevant symptoms 
of chronic migraine such as light sensitivity, 
photophobia 31. Repeated NTG injections in 
rodents have been reported to produce clinically 
relevant features, such as frequency and clinical 
symptoms of recurrent migraine26, and are suitable 
for evaluating agents against chronic migraine 
conditions 26, 31. 
 Intranasal administration of a single 
SUMA was effective against acute migraine 
attacks in two clinical studies 46. Recently, SUMA 
nasal spray has been approved for the treatment of 
acute migraine with or without aura 47. Therefore, 
intranasal SUMA was used as a positive control in 
the present study. 
 Migraineurs experience hypersensitivity 
to various sensory modalities including light, 
sound, and touch. The present study employed 
the RGS as an indicator of facial pain in a rodent 
model of migraine 25. The RGS is a valuable tool 
for assessing nociceptive behavior in rodents, 
exhibiting good construct validity and inter-rater 
reliability 34. NTG induction showed enhanced 
RGS scores, which correlated well with clinical 
symptoms such as orbital tightening, ne/cheek 
flattering, ear changes, and whisker changes 
related to hypersensitivity and altered nociceptive 
processing in migraine 25. Treatment with INDCA-
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NS resulted in a marked reduction in RGS scores, 
indicating a reduction in nociceptive processing. 
 Episodic migraine is associated with 
allodynia during or after a migraine attack 48. 
These include mechanical allodynia, in which 
nociceptive signaling of the trigeminal nerve is 
involved 49. Mechanical allodynia refers to the 
perception of pain in response to normally non-
painful stimuli, and the von Frey hair test allows 
for the quantification of this hypersensitivity 25. The 
roles of signaling molecules, neurotransmitters, 
neuroinflammation, neuronal excitability, and 
sex differences make mechanical allodynia a 
multifaceted phenomenon 50-52. 
 The efficacy of INDCA-NS in reducing 
mechanical allodynia and improving pain latency in 
this study indicates migraine prophylaxis efficacy 
through neuronal excitability and sensitization, 
perhaps similar to topiramate 53. 
 Thermal hyperalgesia is a significant 
feature of the clinical pathophysiology of migraines, 
reflecting altered pain-processing mechanisms 54, 

55. The latency of the pain response, tail flick, by 
rodents after touching the tail with a heat source, 
is a reliable and validated procedure for the 
quantitative measurement of thermal hyperalgesia 
25. INDCA-NS prevented thermal hyperalgesia in 
a dose-dependent manner, with higher tail-flick 
latencies in rats. 
 The induction of thermal hyperalgesia by 
intraperitoneal treatment with NTG in rodents 56 and 
its prevention by SUMA, a serotonin antagonist, 
has been reported 57. Similar thermal hyperthermia 
induction by serotonin and prevention of serotonin-
induced thermal hyperalgesia by SUMA suggest a 
role for serotonin receptors in thermal hyperalgesia 
58. Therefore, serotonin may have contributed to the 
alleviation of INDCA-NS-induced NTG-induced 
thermal hyperalgesia.
 Photophobia, an extreme aversion to 
light, is a commonly reported clinical feature 
of migraine, especially during the aura and 
headache phases. Enhanced sensitivity to light 
in photophobia significantly reduces the quality 
of life. NTG injections have been reported to 
produce photophobia 59. In this study, subacute 
treatment with INDCA-NS prevented NTG-
induced photophobia in a dose-dependent manner, 
as indicated by light-dak box measurements. All 
photophobia parameters (light-dark box paradigm) 

in the NTG group were reversed in the INDCA-NS 
group but not in the SUMA group. 
 Recently, “calcitonin gene-related 
peptide” (CGRP) injections were reported to 
stimulate posterior thalamic nuclei and induce 
photophobic behavior in mice 60. In contrast, 
CGRP antagonists are highly effective for migraine 
treatment 61. Therefore, the role of CGRP in the 
anti-photophobic action of INDCA-NS cannot be 
ruled out. 
 PACAP has been identified as a promising 
target in migraine management 62. The variation in 
PACAP levels in migraine patients during attacks 
compared to controls suggests its potential as a 
biomarker 63. PACAP has been reported to induce 
migraine-like symptoms in humans and rodents, 
including light aversion and tactile allodynia, 
possibly via vasodilatory mechanisms 64.
 Existing evidence indicates a direct 65 
or indirect 66 influence of SUMA on circulating 
PACAP levels. In this study, NTG administration 
in rats increased the PACAP levels in the brain and 
plasma. SUMA inhibits neuronal activity through 
5-HT1B/D receptors and causes vasoconstriction of 
cranial blood vessels to reduce migraine-like pain 
67. In contrast, PACAP acts as a vasodilator and 
potentially contributes to migraine by influencing 
trigeminal nerve sensitization and inflammatory 
processes 64. A recent clinical study showed that 
SUMA prevented PACAP-induced migraine-
like pain and strongly suggested a vasodilator or 
neuromodulator role for PACAP in the efficacy 
of SUMA65. SUMA and INDCA-NS significantly 
prevented NTG-induced elevation of PACAP in 
the brain, but not in the plasma, suggesting the 
prevention of cranial vasodilation without affecting 
peripheral blood vessels to prevent NTG-induced 
migraine-like pain. NO is a potent vasodilator 
that triggers migraine headache attacks when 
administered as a donor, such as nitroglycerin, in 
humans and rodents 68. 
 NTG-derived NO activates different 
brain regions and increases nitrite levels, thereby 
inducing vasodilation and nociceptive transmission 
59. In the present study, NTG showed enhanced NO 
levels in the serum but not in the brain. In the present 
study, subcutaneous SUMA administration showed 
a trend (not statistically significant), indicating the 
prevention of NTG-induced elevated NO levels 
by intravenous SUMA, as previously reported 69. 
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In addition, INDCA-NS prevented NTG-induced 
increases in serum NO levels. These results are in 
line with the NO-reducing or modulating properties 
of C. asiatica and its triterpenoid constituents 70-

72, especially asiaticoside 73 and madecassoside 74, 
which are markers of INDCA-NS. 
 In addition, preventing PACAP increase 
in the brain causes internalization of serotonin 
receptors in cortical neurons and attenuates the 
antinociceptive action of serotonin agonists 75. 
Moreover, the upregulation of PACAP with 
chronic stress drives anxiety-like behaviors 76. By 
reducing PACAP levels in the brain, as shown in the 
present study, INDCA-NS may prevent PACAP’s 
functional dampening of antinociception and stress 
reduction. 
 Serotonin also plays a crucial role in 
smell perception, beyond mood regulation 77. The 
serotonergic system is known to regulate odor-
sensing and olfactory processing 77, 78. In addition, 
disruption of serotonin signaling pathways 
within the olfactory bulb can lead to impaired 
odor detection 79. The serotonergic properties of 
INDCA-NS can protect rodents against anosmia 
(loss of smell) and potential side effects of the nasal 
route of administration. In fact, protection from 
anosmia offered by INDCA-NS (100 µg/rat/day) 
has been confirmed in a subacute repeated-dose 
toxicology study 80

 Oral supplementation with INDCA 
has been reported to ameliorate NTG-induced 
migraine-like pain through its 5-HT1A/1 B 
agonist properties 19. Evidence suggests a dynamic 
interplay between 5-HT1A activity and migraine 
susceptibility. 81, 82. The role of hypersensitivity 
of central 5HT1A receptors in migraine and 
associated behavioral symptoms, including anxiety 
and depression, has been reported. 83-85. Therefore, 
the migraine prophylaxis efficacy of INDCA-NS 
shown in this study can be attributed, at least in 
part, to selective 5HT1A agonist properties. 
 Cortisol, a stress hormone, influences 
the onset and severity of migraines 49, 86. Stress 
releases cortisol, which, in turn, can modulate 
pain perception and trigger migraine episodes 
87. In addition, stress reduction techniques can 
positively affect migraine frequency and severity 
by potentially modulating stress response and 
cortisol levels 88. Repeated NTG injections have 
been reported to produce chronic migraine and 

stress symptoms including depression and anxiety 
89. Repeated NTG injections enhanced brain and 
plasma cortisol levels and induced photophobia, as 
observed in the present study. In contrast, subacute 
co-treatment of SUMA- or INDCA-NS with NTG 
prevented cortisol elevation in the brain, plasma, 
and photophobia (light-dark box paradigm), 
indicating the stress-reducing properties of SUMA 
and INDCA-NS. Clinical photophobia is associated 
with psychiatric disorders such as anxiety and 
depression, hypothalamic-pituitary-adrenal axis 
dysregulation, and elevated cortisol levels 90. 
Moreover, the present results strongly support the 
anti-stress properties of orally administered INDCA 
against stress-induced behavioral conditions such 
as depression and anxiety in animal studies 14, 18.
 Elevated cortisol levels are associated with 
a considerable increase in serotonin uptake during 
chronic stress 91 and depression 92. In addition, 
the cortisol reduction properties of INDCA-
NS might have increased serotonin availability 
through serotonin transporter downregulation 83-85 
and prevented chronic stress-induced anxiety or 
photophobia, as shown in the present study. 
 The robust safety profile of the subacute 
administration of INDCA-NS 80, including the 
cardiovascular system 93, with the prophylactic 
efficacy shown in the present study, makes INDCA-
NS a suitable option for migraine prophylaxis. 
However, a well-designed clinical study of patients 
with migraine is useful. 

ConClusions

 In conclusion, INDCA-NS showed 
prevention of NTG-induced migraine-like 
symptoms such as pain, photophobia, and stress, 
and can be developed as a promising option for 
migraine prophylaxis after clinical studies.
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