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The study of pain mechanisms in healthy individuals, including the degree of expression of receptor 
proteins in nociceptive and antinociceptive systems, provides new possibilities that are impossible in 

controlled studies in laboratory animals. In a number of studies conducted in mice, regardless of the sex 

of the study objects, the interaction of Tg PV1 and µ-opioid (MR) receptor proteins was detected by 
mitogen-activated protein kinase signaling pathway and protein β-arestin2. 

The aim of the study was to evaluate the correlation between the levels of receptor protein Tg PV1 and 
MR in practically healthy men and women in the follicular and luteal phases of the ovarian-menstrual 
cycle of the latter. 

Analysis of the data revealed a significant negative correlation between the levels of TG PV1 and MR 

in men, and in women - an indicator close to a slight negative correlation in the follicular phase of 
OMC. No correlation was found in the luteal phase of OMC. 
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Introduction. Investigation of activity of noci- and antinociceptive systems in almost healthy, pain-free 

individuals provide a degree of experimental control sometimes impossible in studies of clinical pain as 

well as in controlled studies with laboratory animals (19). A growing of studies of recent decades 

demonstrates gender differences in structural plasticity of peripheral nociceptive nerve tissues, 
including different expression and distribution of their receptor proteins, strongly influenced by the 
biological (e.g. hormonal) environment (30).  

The transient receptor potential cation channel subfamily V member 1 (TRPV1) or vanilloid receptor 1 

is a polymodal mammalian nociceptive integrator abundantly expressed in the free nerve endings of 

primary pain sensing afferent Aδ and C fibers. TRPV1 is activated by a wide range of proinflammatory 
and proalgesic mediators, including temperatures above 43 °C, external pH, different chemical agents 

(34,35). However, several studies in the recent past have now suggested the involvement of TRPV1 in 

mechanical pain hypersensitivity in the context of a number of painful pathologies, such as 
inflammation, nerve injury, sickle cell disease and primary bone cancers (12,14,21,27).  

Several studies performed in mice during the last decades revealed sex differences in TRPV1 
expression in different tissues. Thus, arteriolar TRPV1 expression was greater in females than in males 

and increased in both sexes after 90 days of age, suggesting sex hormone and age dependency (29). 

Another study showed sex difference in the expression of TRPV1 in mucosa and muscle layers of the 
urinary bladder (24). The beneficial effects of TRPV1 sensory denervation on glucose tolerance and β-
cell function were observed in male but not female mice (11).  

Sex differences was also shown in the studies of different antinociceptive system receptors, including 

MOR. The ì-opioid receptor (MOR), which is a major component of opioid system, plays a pivotal role 

in pain biology. MOR is expressed by a subset of nociceptor sensory neurons that express neuropeptide 
substance P and TRPV1 (Corder et al, 2017). MOR on presynaptic axon terminals in the spinal cord 

reduces transmitter release by inhibiting voltage-gated calcium channels thereby diminishing sensory 

input from nociceptors to the central nervous system. The receptor is also located postsynaptically 

where it activates G protein-coupled inwardly rectifying potassium channels thereby reducing 
excitability (16). Numerous studies performed during the last decade have revealed a wide array of 

endogenous agents, including hormones and pharmacological substances, which affect MOR gene 
expression and consequently receptor protein synthesis (1,16,38,39).  

Sex differences in MOR binding density were observed in mice in two brain regions, the lateral septum 

(higher in males) and the posterior cortical nucleus of the amygdala (higher in females) (19); another 
study showed revealed, that in female rats, dentate hilar parvalbumin-containing basket interneuron 
dendrites had fewer MORs, however plasmalemmal and total MORs increased in females (31). 



In our recent studies, performed in almost healthy young volunteers we found significant gender 

differences of TRPV1 level in venous blood, as well as in females within follicular and luteal phases of 
the ovarian-menstrual cycle (OMC) – the maximal level in females in luteal phase of the OMC, lower 

in males and minimal in females in follicular phase of the OMC. We have also revealed significantly 

low MOR level in males than in females in both phases of the OMC, while results of females showed 

insignificant higher level of this receptor in luteal phase of the OMC compared with follicular.  In males 
we have also revealed significant negative correlation of free testosterone level with TRPV1, as well as 

significant positive correlation – with MOR level. In females our recent studies revealed significant 

positive correlation between TRPV1 increase level degree within OMC phases with progesterone level 
in the luteal phase of the OMC, as well as with FSH level - in both phases of the OMC; also positive 

correlation of MOR level with progesterone and FSH levels, significant and insignificant respectively, 
only in luteal phase of the OMC (2,3,4).  

Recent works performed in mice reported functional interactions between the signaling pathways of 

TRPV1 and MORs, and findings suggest that MORs found in TRPV1-positive primary afferent 
nociceptors are essential contributors to analgesic tolerance (28). The underlying molecular mechanism 

of this interaction was elucidated. Activation of the TRPV1 channel stimulated a mitogen-activated 

protein kinase (MAPK) signaling pathway that was accompanied by the shuttling of the scaffold protein 
β-arrestin2 to the nucleus. The nuclear translocation of β-arrestin2 in turn prevented its recruitment to 

the µ-opioid receptor (MOR), the subsequent internalization of agonist-bound MOR, and the 
suppression of MOR activity that occurs upon receptor desensitization (9). 

Therefore, the purpose of the given study is to elucidate the correlation among TRPV1 and MOR level 
in almost healthy males and females – both if follicular and luteal phases of the OMC. 

Material and methods. 62 healthy volunteers of 18-25 years of age – 32 males and 30 females. 

Exclusion criteria: chronic pain, diabetes mellitus, cardiovascular diseases and other disorders that can 
affect pain sensation, use of pain killers 24 hours prior to start of the study. In addition to detailed 

anamnesis, complete blood counts were performed prior to start of the study to confirm health status of 

the participants and rule out certain pathologies that could affect perception of pain such as: various 
types of anemia, thrombocytopenia, inflammatory and allergic reactions. Written informed consent was 

obtained from every participant prior to the start of the study. The study was approved by Tbilisi State 

Medical University Biomedical Research Committee and conducted in accordance with the guidelines 
for research involving human subjects put forth by the International Association for the Study of Pain. 

At the first stage of the study, indices of height, weight, blood pressure and body mass index (BMI) of 

the subjects were obtained, and medical history forms were filled out. Blood samples of 6 ml were 
obtained from the cubital vein in the morning before breakfast following 12-hour fasting period. Serum 
was extracted from the collected blood and immediately frozen at -20°C with a shelf life of 30 days. 

Blood serum enzyme-linked immunosorbent assay (ELISA) was performed using Huma Reader 

analyzer (Germany) to detect: TRPV1 protein level using «Human TRPV1 ELISAKit» test-systems 

(MyBioSource,Inc., USA) MOR protein level using «Human OPRM1 ELISAKit» test-systems 
(MyBioSource, Inc., USA), using HUMAN ELISA test-systems: in males – free testosterone level, in 

females – FSH, LH, prolactin and progesterone levels – at the follicular (5th-11th days) and luteal (17th-
21th days) phases of the OMC. 

Data were presented as mean ± standard deviations. Differences between means were acknowledged as 

statistically significant if p<0.05. Mean values for each of the responses for detection of various degrees 
of thermal sensation and thermal pain thresholds were calculated. One-way analysis of variance 

(ANOVA, F score) and Pearson correlation were used to assess levels of sex hormones, 

TRPV1andMORwithin and among subjects groups.                                                                                     
Results and Discussion. The average age of participants was 21.5±2.9 years. 

Values for free testosterone obtained from 32 male subjects fall within the physiological reference 
range; values for OMC phase-dependent changes of 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<0.001) also fall within physiological 
dynamics of the OMC (Table 1). 

                                                      Females  

 
Follicular phase of 

OMC 

Luteal phase of 

OMC 



FSH (IU/l) 5.21 (±1.47) 4.29 (±0.98) 

LH (IU/l) 6.82 (±1.96) 5.79 (±1.65) 

Prolactin (mIU/l) 316.7 (±105.9) 364.1 (±97.8) 

Progesterone (ng/ml) 0.76 (±0.18) 11.9 (±4.46) 

                                                    Males  

Free testosterone (pg/ml) 15.1 (±5.3) 

          Tab 1. Sex hormones levels (± SD) in females and males 

Data analysis revealed significant negative correlation between TRPV1 and MOR levels in males (r=-
0.88). Results of females revealed only approximate to negative correlation value between TRPV1 and 

MOR levels in follicular phase of the OMC (r=-0.48) and no correlation was observed between these 
parameters in luteal phase of the OMC (r=-0.16) (Fig.1-3).   

 

Fig.1 Correlation between TRPV1 and MOR in males 

 

 

Fig.2 Correlation between TRPV1 and MOR in females at follicular phase of the OMC 

 



 

Fig.3 Correlation between TRPV1 and MOR in females at luteal phase of the OMC 

 

Given work presents study on pain sensation in almost healthy young males and females. We recruited 

relatively large number (n=62) of participants whose health status was confirmed by detailed anamnesis 
and complete blood counts. We also made detailed analysis of female the hormonal status in both 
follicular and luteal phases of the OMC and free testosterone in males. 

The correlation between TRPV1 and MOR level found by this study partly correspond with the results 

yielded by the works of Basso et al. Unlike that study, which was performed in mice and results 

processed without taking into account gender and OMC in females, we have analyzed the correlation 
separately – in males and females – in both follicular and luteal phases of the OMC.      

Number studies of past decade, including our recent studies revealed association between TRPV1 and 
MOR expression with several male and female sex hormones, particularly testosterone, estrogen and 

progesterone. Several works describe testosterone as key antinociceptive hormone, as its action is 

related with higher pain threshold and MOR level, as well as lower TRPV1 level (6,8,17,18,33,37). In 
addition, some studies revealed, that MOR is associated with higher estrogen and progesterone levels, 
and TRPV1 – indirectly with lower level of progesterone (7,22,25).    

As we have already mentioned above, the underlying molecular mechanism of the interaction between 

TRPV1 and MOR is the stimulation of a mitogen-activated protein kinase (MAPK) signaling pathway 

by the activated TRPV1 channel, nuclear translocation of β-arrestin2 and prevention of its recruitment 
to MOR (10). In addition few recent studies observed associations between MAPK-β-arrestin2 pathway 

and biosynthesis and metabolism of some sex hormones – testosterone, progesterone, follicle-

stimulating, luteinizing. Moreover, study performed by Ayoub et al in rats showed that association 

between β-arrestin2 and testosterone production was more significant and involved more types of cells, 
while they got only partial effect with progesterone (5).  

The difference in the level of mutual influence between MAPK-β-arrestin2 pathway and biosynthesis 
and metabolism of different sex hormones may be possible reason of different levels of correlation 

between TRPV1 and MOR revealed in this study. Much higher degree of correlation in males compared 

with females in their follicular phase of the OMC may be caused by influence of testosterone and 
almost no correlation in females in their luteal phase of the OMC – by influence of progesterone, which 
level is maximal in this phase. 
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ი.კვაჭაძე, მ.აფხაზავა, მ.ცაგარელი                                                                                                               

TRPV1-ის და µ-ოპიოიდური  რეცეპტორული ცილების კორელაცია ახალგაზრდა მამაკაცებსა 

და ქალებში                                                                                                                             თბილისის 

სახელმწიფო სამედიცინო უნივერსიტეტი  

 

ტკივილის მექანიზმების შესწავლა ჯანმრთელ ინდივიდებში, მათ შორის ნოცი- და 

ანტინოციცეპტური სისტემების რეცეპტორული ცილების ექსპრესიის ხარისხის, 

უზრუნველყოფს ახალ შესაძლებლობებს, რომელიც შეუძლებელია ლაბორატორიულ 

ცხოველებზე ჩატარებულ კონტროლირებად კვლევებში. რიგ კვლევეში, რომლებიც 

ჩატარებული იქნა თაგვებზე, კვლევის ობიექტების სქესის გათვალისწინების გარეშე, 

გამოვლინდა TRPV1 და µ-ოპიოიდური (მორ) რეცეპტორული ცილების ურთიერთგავლენა, 

მიტოგენ-აქტივირებული პროტეინ კინაზას სასიგნალო გზის და ცილა β-არესტინ2-ის 

მეშვეობით.   

კვლევის მიზანს წარმოადგენდა რეცეპტორული ცილა TRPV1-ის და მორ-ის დონის 

კორელაციის შეფასება პრაქტიკულად ჯანმრთელ მამაკაცებსა და ქალებში, ამ 

უკანასკნელთა ოვარიულ-მენსტრუალური ციკლის (ომც) ფოლიკულურ და ლუთეინურ 

ფაზებში. 

მონაცემათა ანალიზის შედეგად მამაკაცებში გამოვლინდა მნიშვნელოვანი უარყოფითი 

კორელაცია TRPV1-ის და მორ-ის დონეებს შორის, ქალებში - უმნიშვნელო უარყოფით 

კორელაციასთან მიახლოვებული მაჩვენებელი ომც-ის ფოლიკულურ ფაზაში. ომც-ის 

ლუთეინურ ფაზაში კორელაცია არ დადგინდა. 

 



 

 


