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Purpose of the given study is to elucidate differences in experimentally 

induced thermal and mechanical pain sensations between almost healthy 

young males and females in their follicular and luteal phases of the OMC as 

well as to identify relationship among some sex hormones, TRPV1, MOR 

levels and various degrees of pain sensations. This publication is an 

intermediate summary of the part of the studies published in 2018-2019. The 

series of our studies suggests comprehensive analysis of the relationship 

among experimentally induced thermal and mechanical pain sensations, sex 

hormones, TRPV1 and MOR levels in young almost healthy males and 

females. Participants: 62 almost healthy volunteers (n=62, 32 – males, 30 – 

females) of 18-25 years of age with the average of 21.5±2.9 years. In 

addition to detailed anamnesis, complete blood counts were performed prior 

to start of the study to confirm health status of the participants. In the 

beginning stage of the study, indices of height, blood pressure and body 

mass index (BMI) of the participants were obtained, and detailed medical 

history forms, including a box for information on menstrual cycle (duration, 

intervals, painfulness), were filled out. Written informed consent was 

obtained from every participant, and all bioethical standards applicable to 

the given type of research were observed. Data were presented as mean ± 

standard deviations. Methods of one-way analysis of variance (ANOVA, F 

score) and Pearson Correlation were applied. The study found higher 

thermal and mechanical pain thresholds in males compared with females in 

both follicular and luteal phases of the OMC. The level of progesterone in 

luteal phase of the OMC correlates significantly positively with the degree 

of increase in TRPV1, MOR levels as well as all mechanical pain sensation 

indices and significantly negatively with the degree of decrease in heat pain 

threshold. FSH level in the follicular phase of the OMC correlates 

significantly positively with all mechanical pain sensation indices. The level 

of free testosterone in males correlates significantly positively with heat pain 

threshold, mechanical pain threshold, mechanical pain tolerance and MOR 

level, insignificantly positively with cold pain threshold and significantly 



negatively with TRPV1 level. Based on the results yielded by the study, we 

can confidently expect that involving hormonal status of an individual in 

acute and chronic pain management may come in useful and effective.  
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Introduction:Despite extensive researching of pain sensations, this complex 

and important psychophysiological status has not been fully explained (21). 

Most of the studies conducted on experimentally induced pain sensations 

have revealed increased sensitivity to pain in females compared with males 

as well as variations in pain sensations in different phases of the ovarian-

menstrual cycle (OMC) in females (9,12,19,20). Scientists still strive to 

identify differences in pain forming mechanisms and their determinants 

between males and females (2,15). Some authors consider gonadal hormones 

as key factors affecting pain sensations and opioid analgesia. Testosterone, 

estrogens and progesterone through changing neuronal activity modulate 

pain sensations (1,8,11,12,28). Modulating effects of peptide and steroid 

hormones on various types of sensory receptors, including receptors of 

nociceptive and anti-nociceptive systems, have been under unrelenting 

scientific scrutiny during recent years (7,14). The largest group of receptor 

proteins connected with thermal and mechanical pain sensations is the 

family of TRP (transient receptor potential) and its most studied 

representative TRPV1, polymodal nocitransducer, activated by a variety of 

stimuli including heat (>40°C), mechanical pressure, acids, vanilloids (e.g., 

capsaicin), gingerol and endocannabinoids (16). Among the structures of the 

endogenous opioid system, μ-opioid receptor (MOR) is a major one 

activated in the process of interaction with endogenous or exogenous opiates 

(22). Therefore, the purpose of the given study is to elucidate differences in 

experimentally induced thermal and mechanical pain sensations between 

almost healthy young males and females in their follicular and luteal phases 

of the OMC as well as to identify relationship among some gonadal 

hormones, TRPV1, MOR levels and various degrees of pain sensations. This 

publication is an intermediate summary of the part of the studies published 

in 2018-2019 (3,4,5). The series of our studies suggests comprehensive 

analysis of the relationship among experimentally induced thermal and 

mechanical pain sensations, sex hormones, TRPV1 and MOR levels in 

young almost healthy males and females. 

 Material and methods. Participants: 62 almost healthy volunteers (n=62, 

32 – males, 30 – females) of 18-25 years of age with the average of 21.5±2.9 



years. In addition to detailed anamnesis, complete blood counts were 

performed prior to start of the study to confirm health status of the 

participants. In the beginning stage of the study, indices of height, blood 

pressure and body mass index (BMI) of the participants were obtained, and 

detailed medical history forms, including a box for information on menstrual 

cycle (duration, intervals, painfulness), were filled out. Thresholds for 

mechanical pressure and pain as well as pain tolerance were determined 

using computerized pressure algometer (AlgoMed, Medoc Ltd, Ramat 

Yishai, Israel). The algometer registered and quantified effects of 

progressively increasing pressure delivered to major palmar muscles and 

deep tissues of the subjects as the latter pressed the button to respond 

sequentially to pressure, pain and intolerable pain. Cold and heat pain 

thresholds as well as cold and heat sensation thresholds were assessed using 

computer-controlled Medoc Pathway combined ATS/CHEPS system 

(Medoc Ltd, Ramat Yishai, Israel) which is a Peltier element-based 

stimulator applied to the subject’s palm of the hand. Cuantitative assessment 

of the parameters was automatically performed by pressing remote control 

button by subjects during several repeated trials as they felt cold/heat stimuli 

and cold and heat pain stimuli. Blood serum enzyme-linked immunosorbent 

assay (ELISA) was performed using the HumaReader analyzer (Germany) to 

detect: TRPV1 protein level using «Human TRPV1 ELISA Kit» test-

systems (MyBioSource, Inc., USA), MOR protein level using «Human 

OPRM1 ELISAKit» test-systems (MyBioSource, Inc., USA), follicle 

stimulating hormone (FSH), luteinizing hormone (LH), prolactin and 

progesterone levels in females (on the 5th and 21st days from the beginning 

of menstruation to specify OMC phase) and free testosterone level in males 

using HUMAN ELISA test-systems. Written informed consent was obtained 

from every participant and all bioethical standards applicable to the given 

type of research were observed. Data were presented as mean ± standard 

deviations. Methods of one-way analysis of variance (ANOVA, F score) and 

Pearson Correlation were applied.  

Results and Discussion. Based on obtained data, males showed 

significantly higher mechanical pain tolerance (F=109.8, p<0.001) and heat 

pain threshold (F=17.9, p<0.001) compared with females in both phases of 

the OMC (Fig.1,2). Mechanical pain threshold (F=0.46, p=0.5, F=31.9 

p<0.001) mechanical pressure threshold (F=1.16, p=0.28, F=16.7, p<0.001) 

cold pain threshold (F=4.18, p=0.045, F=8.9, p<0.001) and heat sensation 

threshold (F=2.61, p=0.11, F=10.2, p<0.001) were insignificantly higher in 

males compared with females in the follicular phase of the OMC but 

significantly higher compared with females in the luteal phase of the OMC. 



No differences were revealed with reference to cold sensation threshold 

between males and females in both follicular and luteal phases of the OMC 

(Fig.1). 

Values for FSH (F=3.86, p=0.054), LH (F=4.45, p=0.039), prolactin 

(F=3.02, p=0.087) and progesterone (F=4.05, p LH (F=4.45, p=0.039),  

in females correspond with the physiological dynamics of the OMC; values 

for free testosterone obtained from 32 male subjects also fall within the 

physiological reference range of the corresponding age 

Data analysis showed that progesterone level in females in luteal phase of 

the OMC correlates significantly negatively with the degree of decrease of 

heat pain threshold (r=-0.91) and significantly positively with the degree of 

increase in TRPV1 level (r=0.94), MOR level (r=0.79), mechanical pressure 

threshold (r=0.76), mechanical pain threshold (r=0.82) and mechanical pain 

tolerance (r=0.85) (Fig.2). We revealed significant positive correlation 

between FSH level and all mechanical pain sensation indices (r=0.78; 0.81; 

0.86) in the follicular phase of the OMC. We haven’t found any relation 

between LH and prolactin levels, on the one hand, and TRPV1, MOR levels, 

thermal and mechanical pain sensation indices, on the other 

Data analysis also revealed that free testosterone level in males correlates 

significantly positively with heat pain threshold (r=0.84), mechanical pain 

threshold (r=0.81), mechanical pain tolerance (r=0.78) and MOR level 

(r=0.76), insignificantly positively with cold pain threshold (r=0.58), and 

significantly negatively with TRPV1 (r=-0.82) (Fig.3). Sex differences in 

pain sensations found in this study correspond with the results yielded by 

many other works (6,24,25,26,27). However, none of the works published so 

far have focused on female hormonal status and phases of the OMC while 

placing under scrutiny sex differences in pain sensations. Several studies 

point to significant pronociceptive effects of progesterone (11,16,23). This 

finding is confirmed by our present study which revealed markedly elevated 

pain sensation in females during luteal phase of the OMC, positive 

correlation between progesterone level and decrease in heat pain threshold, 

mechanical pain sensation indices, and increase in TRPV1 level. 

Progesterone is also known for its role in regulating transcription of TRPV1 

gene promoter regions and enhancing TRPV1 protein translation via acting 

on nerve growth factor (10,29). Correlation of progesterone and MOR levels 

in luteal phase of the OMC revealed by this study corresponds with several 

other studies which found direct and indirect (by means of p38 protein) 

modulating effect of progesterone on MOR (18,30). None of the currently 

published works state about direct effect of FSH on any kind of pain 

sensation. However, some works report about elevated mechanical pain 



threshold under the influence of estrogens which, as is well-known, are 

directly regulated by FSH (11,12). This may also be the likely cause of the 

positive correlation between FSH level and pain sensation indices found in 

this study. Correlation of free testosterone level with pain sensation indices 

and TRPV1/MOR receptor protein levels detected in our study is in full 

correspondence with the data provided by animal research with a similar 

subject matter (13), as well as the data yielded by researching human 

diseases accompanied by acute pain syndrome. Among them is the study 

performed by Bai et al (7) which indicates the key role of testosterone in the 

inhibition of TRPV1 expression, and the other one published by Zhang et al 

(31) which identified the role of testosterone in positive regulation of MOR 

gene expression 

Conclusion. The study found higher thermal and mechanical pain thresholds 

in males compared with females in both follicular and luteal phases of the 

OMC. The level of progesterone in luteal phase of the OMC correlates 

significantly positively with the degree of increase in TRPV1, MOR levels 

as well as all mechanical pain sensation indices and significantly negatively 

with the degree of decrease in heat pain threshold. FSH level in the follicular 

phase of the OMC correlates significantly positively with all mechanical 

pain sensation indices. The level of free testosterone in males correlates 

significantly positively with heat pain threshold, mechanical pain threshold, 

mechanical pain tolerance and MOR level, insignificantly positively with 

cold pain threshold and significantly negatively with TRPV1 level. Based on 

the results yielded by the study, we can confidently expect that involving 

hormonal status of an individual in acute and chronic pain management may 

come in useful and effective.  
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ი.კვაჭაძე, მ. აფხაზავა, მ.ცაგარელი  

თერმული და მექანიკური ტკივილის მგრძნობელობა,TRPV1 და µ-

ოპიოიდური რეცეპტორი და სასქესო ჰორმონების ბალანსი ქალის 

და მამაკაცის ორგანიზმში 

 თბილისის სახელმწიფო სამედიცინო უნივერსიტეტი  

 

კვლევის მიზანს წარმოადგენდა თერმული და მექანიკური 

ექსპერიმენტული სტიმულებით გამოწვეული ტკივილის 

შეგრძნების განსხვავებათა შეფასება პრაქტიკულად ჯანმრთელ 

მამაკაცებსა და ქალებში, მიღებული შედეგები სარწმუნოდ 

მიუთითებს ადამიანის ორგანიზმის ინდივიდური, მათ შორის - 

ჰორმონული თავისებურებების გათვალისწინების 

მიზანშეწონილების და ქმედითობის შესახებ მწვავე და ქრონიკული 

ტკივილის მართვაში. 


