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Abstract - Amitriptyline has been widely used for prophylactic pharmacotherapy in patients with chronic tension-type 
headache (CTTH). The aim of the present study was to determine if there were alterations in the serum levels of glutamate and 
pain intensity in CTTH patients before and after 15-day treatment with amitriptyline. This randomized, controlled, 
double-blind, clinical trial with pre and post test design  included 73 patients with diagnosis of CTTH according to 
International Classification of Headache Disorders, 2nd edition criteria. All subjects were randomized into three 
interventional groups (flunarizine 5 mg/day, twenty five patients; flunarizine 10 mg/day, twenty five patients; amitriptyline 
12.5 mg/day, twenty three patients). The serum level of glutamate   and Numeric Rating scale (NRS) score for pain intensity 
were measured before and after 15-day treatment. We found significant difference decrement of serum glutamate 
concentration (p <0.001) between baseline and after 15-day in flunarizine 5 mg group and the NRS score decreased 
significantly (p<0.001) was found in amitriptiline 12.5 mg group. In the present study, flunarizine showed more effective in 
reducing serum glutamate concentration whereas amitriptyline more effective in reducing pain intensity and this suggest that 
glutamate play a role in the patophysiology of CTTH. 
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I. INTRODUCTION 
 
Tension-type headache is the most common form of 
headache and its chronic form, chronic tension-type 
headache (CTTH), is one of the most difficult to treat 
[1]. There has been an increasing interest in the 
pathogenesis of CTTH over the last decades but, 
despite several advances in aetiology, the 
pathogenesis is still not completely understood [2]. 
The mechanisms of CTTH may be multifactorial, 
including peripheral mechanisms (nociception from 
pericranial myofacial tissue) and central mechanisms 
(increased excitability of CNS), as well as genetic and 
psychological factors [3].  The origin of pain in TTH 
has long been attributed to excessive muscle  
contraction, ischemia, and inflammation of head and 
neck muscles. Elevated interleukin-1β levels are 
associated with CTTH in more recent studies, 
suggesting neurovascular inflammation may play a 
potential role in the pathogenesis of CTTH [4]. 
Increasing in key proinflammatory cytokine levels are 
associated with CTTH and the pathology of the 
disorder involves sterile neurovascular inflammation 
[4]. Cytokines are believed to induce pain by directly 
binding to receptors on afferent neurons, including 
nociceptors. Proinflammatory cytokines, such as 
IL-1β, IL-6 and tumour necrosis factor-alpha 
(TNF-α), can directly activate nociceptive neurons, 
thereby generating action potentials and inducing 
pain hypersensitivity [5,6]. The present study  
 

 
examined the hypothesis that glutamate play a role in 
the pathophysiology of CTTH. To test this hypothesis, 
serum glutamate were measured in a population of  
individuals diagnosed with CTTH before and after 
15-day treatment.  
 
II. METHOD 
 
We studied 73 subjects (Table 1) suffering from CTTH 
according to the International Classification of 
Headache Disorders, 2nd edition (ICHD-II, 2004) 
criteria [7]. Chronic tension-type headache patients 
were recruited among those attended during June and 
December 2015 the out-patient clinic of the Adam 
Malik General Hospital Medan. They were 
randomized into three interventional groups 
(flunarizine 5 mg/day, twenty-five patients; 
flunarizine 10 mg/day, twenty-five patients and 
amitriptyline 12.5 mg/day twenty-three patients). We 
included both male and female patients, between 
18-65 years old. We excluded CTTH patients 
receiving or having received a prophylactic treatment 
in the previous 4-weeks, patients with neurological 
deficits related to his/her headache, depression, 
extrapyramidal disorders, chronic obstructive 
pulmonary disease (COPD), bronchial asthma, heart 
failure, diabetes mellitus, cardiovascular disease, 
malignancy, pregnancy, lactation and hypersensitive 
to flunarizine. 
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Written informed consent was obtained from each 
subject, following a detailed description of the study 
procedures and purposes. The study was approved by 
the Health Research Ethical Committee of North 
Sumatera / RSUP. H Adam Malik Medan, c/o Medical 
School, Universitas Sumatera Utara. Patients’ 
characteristics were recorded by medical examination 
and pain intensity were measured using Numeric 
Rating Scale for Pain (NRS) score. NRS score consist 
of 4 level of pain perception (0 = no pain,  1-3 = mild 
pain, 4-7 = moderate pain and 8-10 = severe pain).  
Chronic tension-type headache patients were studied 
before and after 15-day treatment. Venous blood 
samples for the assay of glutamate concentration were 
taken   after data collection completed. 
 

 
Table 1 Chronic tension-type headache characteristics 

 
Glutamate levels were measured by means of 
Glutamate ELISA Kit KA1909 Abnova and 
Chemwell 2910 analyzer. Serum glutamate levels and 
NRS score before and after 15-days treatment were 
analyzed by using t-dependent test for paired data. 
Kruskall-Wallis test followed by post hoc analysis 
with Mann-Whitney test were used to determine the 
most significant treatment effects between groups. 
 
III. RESULTS 
 
Seventy-three patients out of ninety-five initially 
recruited had completed the study protocol until the 
end of the study. Of 22 subjects drop out, one female 
patient discontinued consuming the prophylactic drug 
given due to allergic reaction, twenty-one of them did 
not come back for the second blood samples, after 15 
days. After 15 days of treatment , 25 patients had 
lower mean serum  glutamate significantly in the 
flunarizine 5 mg group compared before and after 
treatment (10.86 ± 2.89 vs. 12.04 ± 3.02 ; P<0.001, 
t-independent test for paired data).  
Twenty-five patients had lower mean serum glutamate 
significantly in the flunarizine 10 mg group compared 
before and after treatment (11.60 ± 2.38 vs. 10.86 ± 
2.49; P<0.001, t-independent test for paired data). 
Twenty-three patients in the amitriptyline 12.5 mg 
group also had mean of serum glutamate significantly 
compared before and after treatment ( 11.89 ± 1.76  vs. 
11.69 ± 1.81; P<0.001, t-independent test for paired 
data).  

Serum glutamate decrement levels continued to be 
significantly higher in flunarizine 5 mg group (1.19 ± 
1.14 µg/L) than in flunarizine 10 mg group ( 0.75 ± 
0.60 µg/L) and amitriptyline 12.5 mg group (0.20 ± 
0.23 µg/L) (p < 0.001, Kruskal-Wallis test followed by 
Mann-Whitney post hoc testing). Decreased NRS 
score was found significantly in all three groups 
(flunarizine 5 mg, 1.12± 0.78 µg/L; flunarizine 10 
mg, 2.38 ± 0.78 µg/L and amitriptyline 12.5 mg, 3.35 
1.12± 0.78 µg/L) (p < 0.001, Kruskal-Wallis test 
followed by Mann-Whitney post hoc testing) 
compared before and after treatment. (Table 2). The 
most decrement of NRS was  found in  amitriptyline 
12.5 mg group, whereas the most decrement of serum 
glutamate concentration was found in  flunarizine 5 
mg group. (Figure 1 and Figure 2). 
 

 
Table 2 Serum concentration (Mean ± S.D.) of glutamate (µg/L) 

and NRS score 
Before vs. after 15-days treatment: P < 0.001 
(t-dependent test for paired data) 

 
Figure 1. Serum concentration decrement (Mean ± S.D.) of 

glutamate  (µg/L) in CTTH patients, before and after 15-day of 
treatment . 
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Figure 2. Numeric Rating Scale for Pain (NRS Score) decrement 
(mean ± S.D.) in CTTH patients, before and after 15-day 

treatment. 
DISCUSSION 
 
In the present study the administration of 
amitriptyline 12.5 mg for 15 days was followed by 
reduction of serum glutamate levels and NRS score 
significantly (p<0.001) in CTTH patients. The 
findings from the present study therefore suggest a 
possible mechanism underlying the relation between 
CTTH and glutamate. The relationship between 
amitriptyline treatment and reduction of plasma 
glutamate concentration in the present study was more 
likely an association than a causal one since the 
mechanism which makes amitriptyline effective in 
CTTH is not completely understood [8]. Our results 
support the hypothesis that there might be a 
commonality or overlap of signal barrage to spinal or 
brainstem in chronic pain or chronic headache states. 
The glutamate system might be the point of 
amplification or reinforcement of the pain 
transmission cascade in these clinical conditions. It 
has also been supposed that raised levels of excitatory 
amino acids in brain tissue could reach the systemic 
circulation [9].   Amitriptyline blocks the neuronal 
reuptake of serotonin and noradrenaline, although this 
is not the only mode of action of its antinociceptive 
properties. N-methyl- D-aspartate (NMDA) receptor 
antagonism and blockade of muscarinic receptors and 
ion channels may play a role as well [10],[11]. 
Accumulated evidence has demonstrated that 
amitriptyline likely affects multiple receptors 
associated with pain modulation. For example, 
amitriptyline has been found to interact with opioids 
receptors, to inhibit the cellular uptake of adenosine, 
and to block N-methyl-D-aspartate (NMDA) receptors 
[10], [12].  
Migraine and tension-type headaches are the two most 
common primary headaches and bring a great burden 
to healthcare [12].   The use of antidepressants for 
headache prophylaxis has been recommended, of 
which amitriptyline is the only one yielding consistent 
evidence for treatment of migraine and chronic CTTH 
[8]. In a meta-analysis of randomized 
placebo-controlled trials on antidepressants as 
prophylactic treatment for chronic headaches, 
antidepressants have been reported as equally effective 
in chronic migraine and CTTH [9], [11], [13]. 
Chronic tension-type headache is a disorder that 
evolves from episodic tension-type headache, with 
very frequent headache attacks lasting minutes to 
days. Amitriptyline represents the first choice in 
prophylactic treatment of CTTH supported by the 
highest levels of evidence [10], [14].  Amitriptyline 
can also reduce the suppression of muscle activity and 
thus help relieve headache in CTTH patients [11], 
[13], [15].   

In the present study flunarizine showed more effective 
in reducing serum glutamate concentration whereas 
amitriptyline more effective in reducing pain 
intensity. Since the reduction of serum glutamate 
concentration was followed by decreasing pain 
intensity after amitriptyline and flunarizine 
administration we suggest that the pain intensity 
reduction occur through glutamate pathway in the 
patophysiology of CTTH.  
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