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 Background: This study discussed potential influences of UDP glucuronosyltransferase family 2 member B7 (UGT2B7) 
rs7439366 and rs12233719 polymorphisms on fentanyl sensitivity among Chinese gynecologic patients.

 Material/Methods: UGT2B7 polymorphisms were genotyped by polymerase chain reaction (PCR) and direct sequencing. Before sur-
gery, baseline latency to pain perception (PPLpre) and pain perception latency of the dominant hand (PPLpost) 
at 3 minutes after injecting fentanyl were measured by cold pressor-induced pain test. Perioperative fen-
tanyl adoption referred to the total of fentanyl administration during and after operation. Intensity of spon-
taneous pain was appraised adopting 100-mm visual analog scale (VAS). Factorial analysis was performed by 
Mann-Whitney U test and Kruskal-Wallis H test.

 Results: Significant differences of PPLpost (CC/CT/TT, P=0.038) and preoperative analgesic effect (CC/CT/TT, P=0.028) 
were discovered between the rs7439366 genotypes. PPLpost was significantly different between the CT and 
TT groups (P=0.009) and the CC+CT and TT groups (P=0.026). Preoperative analgesic effect was significantly 
different between the CT and TT groups (P=0.007) and the CC+CT and TT groups (P=0.009). All of the clinical 
features studied had no close association with rs12233719 SNP.

 Conclusions: Gynecologic patients with rs7439366 TT genotype had significantly lower fentanyl sensitivity than the other 2 
genotype carriers.
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Background

Gynecopathy is a group of diseases of the female reproductive 
system. It mainly includes 7 types: gynecological inflammation, 
artificial abortion, venereal diseases, irregular menstruation, 
infertility, gynecological plastic surgery and gynecological tu-
mors [1–10]. Management for several gynecopathies requires 
surgery [11,12]. Control of pain during gynecologic surgery is 
important for patient consolation and operation success [13,14]. 
Pain for gynecologic patients before and during surgery may 
increase the healthcare burden [15]. Individual sensitivity for 
pain is considered to be determined by genetic background. 
Several genes have been linked to pain sensitivity [16,17].

Various analgesic drugs are used for pain during surgery, espe-
cially opioids [18]. However, many drugs had severe side ef-
fects [19]. Fentanyl has become the most common opioid for 
analgesia both at intra-operation and post-operation stages, 
taking the place of morphine due to its lesser side effect pro-
file [20,21]. Analgesic efficacy of fentanyl is affected by mul-
tiple factors, including genes such as MDR, OPRM1, ABCB1, 
and UGT2B7) [22-25].

Human UDP glucuronosyltransferase family 2 member B7 
(UGT2B7) gene is located at chromosome 4q13.2. The UGT2B7 
protein imposes vital influences on eliminating potentially toxic 
xenobiotics [26]. Single nucleotide polymorphisms (SNPs) in 
the UGT2B7 gene might change its enzyme activity, and then 
alter its function. rs7439366 (c.802C>T) is a T to C mutation at 
exon 2 base 802 of the gene, which induces the 268 amino acid 
to change from tyrosine to histidine. rs12233719 (c. 211G>T, 
p.Ala71Thr) is a missense mutation in exon 1. These 2 SNPs 
of the UGT2B7 gene, as missense mutations, could decrease, 
increase, or not affect the activity of UGT2B7 enzymes [27]. 
It has been found that these SNPs also contribute to the phar-
macokinetics of many drugs [28,29]. Therefore, we speculated 
that these 2 SNPs might contribute to the sensitivity of fen-
tanyl during an operation.

This study aimed to explore the influences of UGT2B7 
rs7439366 and rs12233719 polymorphisms on fentanyl sen-
sitivity in Chinese gynecologic patients.

Material and Methods

Sample collection

This study obtained the approval of the Ethic Committee of 
the Institutes of Evidence-Based Medicine and Knowledge 
Translation, Henan University. Written informed consent was 
signed by every patient or their guardian.

Gynecologic patients who had gynecological surgery at 
the Institutes of Evidence-Based Medicine and Knowledge 
Translation, Henan University were recruited for our research. 
These patients were diagnosed by endoscope and B-mode 
ultrasonography by 2 gynecologists. All of the patients were 
20 to 50 years old. Patients with psychiatric diseases, cardio-
vascular and cerebrovascular diseases, hepatic or renal dis-
eases, diabetes mellitus; history of alcohol or drug abuse; or 
use of chronic pain medication were excluded from this study. 
Patients with severe adverse events for fentanyl were exclud-
ed from this study.

2 Preoperative cold pressor-induced pain test

Before surgery, baseline latency to pain perception (PPLpre) 
and pain perception latency of the dominant hand (PPLpost) 
at 3 minutes after injecting fentanyl were measured by cold 
pressor-induced pain test following methodology from a pre-
vious study [30]. Fentanyl sensitivity (analgesic effect before 
operation) stood for divergence between PPLpost and PPLpre 
(PPLpost-PPLpre).

Postoperative pain management

Fentanyl use during the intraoperative period and intrave-
nous patient-controlled analgesia (PCA) fentanyl employ-
ment in the first 24 hours after operation were documented. 
Fentanyl dosage administered intraoperatively and postoper-
atively were decided by body weight [31]. Perioperative fen-
tanyl use was defined as the sum of intraoperative fentanyl 
use and postoperative fentanyl use. Intensity of spontaneous 
pain was appraised at 3 hours and 24 hours after operation 
utilizing 100-mm visual analog scale (VAS), with 0 mm refer-
ring to no pain while 100 mm to the worst pain imaginable.

DNA extraction and genotyping method

Blood samples were collected from every participate at the 
morning, then put into the blood collection tubes containing 
EDTA-Na2. Total DNA were extracted from whole blood using 
RelaxGene Blood DNA System (TIANGEN, Beijing).

PCR primers of the UGT2B7 gene rs7439366 and rs12233719 
polymorphisms were designed by Primer Premer 5.0 and syn-
thesized by Sangon Biotech (Shanghai) Co., Ltd. Target se-
quences were amplified by polymerase chain reaction (PCR) 
and sequenced by direct sequencing method.

Statistical analysis

Genotype and allele frequencies of the UGT2B7 SNPs were per-
formed by direct counting. Hardy-Weinberg equilibrium (HWE) 
was used to assess the representativeness of participants. 
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Mean±standard deviation (mean±SD) was used to present the 
quantitative variables. Factorial analysis between 2 factors was 
performed by Mann-Whitney U test. Factorial analysis between 
3 factors was performed by Kruskal-Wallis H test. Data analy-
sis was performed by SPSS 18.0. Cutoff P value for statistical 
significance was set to 0.05. Bonferroni method was used to 
adjust the P value for multiple-comparison tests.

Results

Basic and clinical features of subjects

Our research covered 293 gynecologic sufferers, with the mean 
age of 34.95 ± 8.02 years old (Table 1). Distributions of basic 
and clinical features of patients did not conform with normal 
distribution (Table 1, all P<0.001).

CC, CT, and TT genotype frequencies of rs7439366 were 37.88%, 
50.51% and 11.60% respectively. Frequencies of rs12233719 
GG, GT and TT genotypes were 70.99%, 25.94%, and 3.07% 
respectively. Genotype distributions of these 2 SNPs were in 
accordance with HWE test (Table 2).

Association analysis between clinical features and UGT2B7 
SNPs

PPLpre, PPLpost, and preoperative analgesic effect had high-
est levels in patients with rs7439366 CT genotype and lowest 
levels in patients with TT genotype (Table 2). Significant differ-
ences of PPLpost (CC/CT/TT, P=0.038) and preoperative analge-
sic effect (CC/CT/TT, P=0.028) have been discovered between 

each rs7439366 genotypes (Table 3). No significant difference 
was discovered in PPLpre, fentanyl adoption during operation, 
fentanyl employment within 24 hours after operation, periop-
erative fentanyl administration, VAS score at 24 hours between 
each rs7439366 genotypes (Table 3).

PPLpost was significantly different between the CT and TT 
groups (P=0.009) and the CC+CT and TT groups (P=0.026). 
Preoperative analgesic effect was significantly different be-
tween the CT and TT groups (P=0.007) and the CC+CT and TT 
groups (P=0.009) (Table 3). Factorial analysis between 2 fac-
tors for other clinical features did not found any significant 
differences (P>0.05).

All of the clinical features had no close association with 
rs12233719 SNP (data not shown).

Discussion

In this study, we found that PPLpre, PPLpost, and preoperative 
analgesic effect had the highest levels in gynecologic patients 
with rs7439366 CT genotype and lowest levels in patients with 
TT genotype. However, Kruskal-Wallis H test revealed that only 
PPLpost and preoperative analgesic effect had significant dif-
ference among the 3 rs7439366 genotypes. Mann-Whitney U 
test showed that PPLpost had distinctly lower levels in the TT 
group than in the CT group and the CC+CT group. Preoperative 
analgesic effect was significantly different between the CT and 
TT groups and the CC+CT and TT groups. However, PPLpre had 
no obvious difference between the rs7439366 genotypes. These 
results indicated that gynecologic patients with rs7439366 TT 
genotype had significantly higher fentanyl sensitivity than oth-
er 2 genotype carriers. That was in accordance with a previ-
ous study. Muraoka et al. demonstrated that PPLpost-PPLpre 
was significantly different between 3 rs7439366 genotypes in 
cold pressor-induced pain test for patients experiencing or-
thognathic surgery [31]. They suggested that rs7439366 C al-
lele could elevate the fentanyl analgesic effect.

No significant difference was discovered in fentanyl adoption 
during operation, fentanyl employment within 24 hours after 
operation, perioperative fentanyl administration, or VAS score 
at 24 hours between each rs7439366 genotypes, although pa-
tients with rs7439366 TT genotype had lower levels of peri-
operative fentanyl administration and VAS pain score at 24 
hours. These results suggested that rs7439366 had no sig-
nificant association with fentanyl analgesic effect. Our find-
ings were similar to the results found by Muraoka et al. [31].

PPLpost, analgesic effect before operation and VAS pain score 
at 24 hours had lower levels in rs12233719 TT genotype carri-
ers, but without substantial divergence. Meanwhile, fentanyl 

Features Mean±SD Range

Age (years) 34.95±8.02 20–50

Body weight (kg) 53.70±8.88 30–80

PPLpre (s) 15.89±9.84 1–93

PPLpost (s) 31.95±16.02 4–103

Preoperative analgesic effect (s) 16.06±11.79 –34–57

Intraoperative fentanyl use 
(μg/kg)

4.01±2.52 0–13.6

24h postoperative fentanyl use 
(μg/kg)

2.61±2.59 0–13.8

Perioperative fentanyl use 
(μg/kg)

6.62±4.12 0.2–25.2

VAS score at 3 hours (mm) 28.83±12.49 0–90

VAS score at 24 hours (mm) 26.17±11.86 0–84

Table 1. Basic and clinical features of patients.
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Features
CC/CT/TT
(Kruskal-
Wallis)

CC/CT
(Mann-

Whitney)

CC/TT
(Mann-

Whitney)

CT/TT
(Mann-

Whitney)

CC+CT/TT
(Mann-

Whitney)

CC/CT+TT
(Mann-

Whitney)

PPLpre (s) 0.599 0.565 0.547 0.345 0.401 0.761

PPLpost (s) 0.038* 0.224 0.146 0.009** 0.026* 0.557

Preoperative analgesic effect (s) 0.028* 0.563 0.028 0.007** 0.009* 0.859

Intraoperative fentanyl use (μg/kg) 0.422 0.207 0.529 0.634 0.995 0.207

24 h postoperative fentanyl use (μg/kg) 0.302 0.480 0.109 0.297 0.173 0.277

Perioperative fentanyl use (μg/kg) 0.549 0.650 0.254 0.439 0.323 0.464

VAS score at 24 h (mm) 0.491 0.313 0.785 0.377 0.514 0.440

Table 3. Association analysis between clinical features and rs7439366.

* P<0.05; ** P<0.017 (significant level which was adjusted by Bonferroni method).

SNP N (%) PPLpre (s) PPLpost (s)
Preoperative 

analgesic effect (s)
Intraoperative 

fentanyl use (μg/kg)

rs7439366

 CC  111 (37.88) 15.41±8.40 31.45±17.58 16.05±11.96 4.21±2.56

 CT  148 (50.51) 16.55±11.08 33.52±15.69 16.97±12.19 3.88±2.57

 TT  34 (11.60) 14.59±8.42 26.76±10.31 12.18±8.46 3.96±2.24

 PHWE 0.145

rs12233719

 GG  208 (70.99) 16.25±10.28 32.17±16.11 15.92±11.91 3.99±2.63

 GT  76 (25.94) 14.83±8.89 31.95±16.24 17.12±11.33 4.02±2.15

 TT  9 (3.07) 16.44±6.89 26.89±12.68 10.44±12.43 4.48±3.17

 PHWE 0.256

Table 2. Clinical features among different genotypes.

SNP N (%)
Postoperative 

fentanyl use (μg/kg)
Perioperative 

fentanyl use (μg/kg)
VAS pain score at 

3 h (mm)
VAS pain score at 

24 h (mm)

rs7439366

 CC  111 (37.88) 2.74±2.66 6.95±4.35 28.05±12.13 25.53±11.85

 CT  148 (50.51) 2.67±2.72 6.55±4.13 29.77±13.15 27.00±11.97

 TT  34 (11.60) 1.87±1.50 5.83±3.12 27.29±10.54 25.53±11.48

 PHWE 0.145

rs12233719

 GG  208 (70.99) 2.58±2.55 6.57±4.26 28.43±12.91 25.85±12.29

 GT  76 (25.94) 2.67±2.81 6.69±3.73 30.33±11.64 27.51±10.89

 TT  9 (3.07) 2.66±1.59 7.13±4.29 25.44±8.68 22.33±9.08

 PHWE 0.256

e924153-4
Indexed in: [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]  
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]  
[Chemical Abstracts/CAS]

Yang Z. et al.: 
UGT2B7 polymorphisms contribute to fentanyl sensitivity in gynecologic patients

© Med Sci Monit, 2020; 26: e924153
CLINICAL RESEARCH

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



adoption during operation, fentanyl employment within 24 
hours after operation, and perioperative fentanyl administra-
tion also had no obvious difference between rs12233719 gen-
otypes. Consequently, rs12233719 SNP was not related to in-
dividual sensitivity to or analgesic effect of fentanyl. As far as 
we know, our research, for the first time, explored potential 
connection for rs12233719 to fentanyl sensitivity. Besides, Tian 
and colleagues demonstrated that rs12233719 had no remark-
able link to the severity of withdrawal symptoms in patients 
with methadone treatment [32].

Several limitations of our present study should be noted. First of 
all, we only focused on female patients; whether the study find-
ings could be repeated in male patients is not known. Secondly, 
subgroup analysis based on the type gynecologic operation were 
not carried out. Thirdly, analgesia of pain during operation was 

affected by many factors, such as the type and dosage of an-
esthetics and genetic background. These factors usually effect 
the individual sensitivity for fentanyl. However, anesthetics and 
other genetic mutations were not considered in this study. In 
addition, linkage disequilibrium of rs7439366 with other can-
didate genes and SNPs might contribute to individual sensitiv-
ity of fentanyl. Further studies with rigorous experimental de-
sign will be performed in the future to verify our study findings.

Conclusions

In conclusion, gynecologic patients with rs7439366 TT geno-
type had significantly lower fentanyl sensitivity than other 2 
genotype carriers, but had no influence on the fentanyl anal-
gesic effect at the intra- and post-operation period.
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