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Abstract

Postoperative nausea and vomiting (PONV) are a common postoperative complication of patients under general
anaesthesia despite antiemetic prophylaxis. Prevention and management of PONV involve administration of
opioids analgesics, notably ondansetron, a selective 5-hydroxytryptamine 3 (5-HT3) receptor antagonist. Single
nucleotide polymorphisms (SNPs) in relevant genes may influence receptor function or expression, contributing
to inter individual variability in drug response. This study investigated the association between variants in the
HTR3B gene and the risk of PONV. Women undergoing surgery under general anaesthesia received ondansetron
as antiemetic prophylaxis. PONV was assessed every 6 hours over a 48 hours postoperative interval using
standardized nausea and emesis scale. Peripheral blood was collected and genomic DNA was extracted.
Genotyping was performed for HTR3B variants rs1176744 and rs3758987. The mean age of the participants was
39.47 £+ 12.5 years, while height and weight were 153.42 + 5.86 cm and 66.4 + 11.83 kg, respectively. About 80%
of participants reported nausea in the early postoperative period (0—6 hours), while severe vomiting episodes were
rare and PONV scores gradually decreased over time. We observed a significant association between the
rs1176744 AC genotype and reduced odds of PONV at 12-24 hours postoperative interval when compared with
the AA genotype (OR =0.16, 95% CI 0.02—0.77, p = 0.034). In contrast, rs3758987TT genotype showed a trend
toward increased risk of PONV during the 6—12 hour postoperative period (OR = 3.18, 95% CI 0.93-10.9, p =
0.062), but this was not statistically significant. No consistent associations were observed at earlier postoperative
intervals. The rs1176744 AC genotype may be a pharmacogenetic predictor for responsiveness to ondansetron for
PONV. These findings support a potential role of genetic variation in the serotonergic pathway in modulating
PONV susceptibility.
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Introduction 5-HT3 receptors are thus widely used to treat and

Postoperative nausea and vomiting (PONV) is a
common postoperative complication of patients under
general anaesthesia despite antiemetic prophylaxis'.
Postoperative ~ bleeding,  oesophageal  rupture,
hematoma, acid reflux and dehydration are some of
other complications associated with PONVZ. PONV
occurs in about 30% of all surgeries®. Prevention and
management of PONV has been primarily by use of
opioids analgesics, and ondansetron, a selective 5-
hydroxytryptamine 3 (5-HT3) receptor antagonist, is
one such drug. Serotonin (5-hydroxytryptamine, 5-
HT) plays an important role in the emetic reflex
pathway, where surgical stress can stimulate the release
of 5-HT and cause vomiting reflex®. Antagonists of the

manage PONV®. Amongst the 5 subunits of SHT3R,
SHT3RB is considered to play an important role in
serotonin-receptor ~ function’.  Single  nucleotide
polymorphisms (SNPs) in the gene are known to
influence gene expression and contribute to individual
variations in the genetic profile’. Of the multiple
variants of SHT3RB, rs1176744and rs3758987 have
been reported to be associated with incidence of PONV
in various populations’ '°, however, studies in Indian
population are limited. In this study, we investigated the
association between HTR3B variants and PONV risk in
South Indian women undergoing surgery under general
anaesthesia who received antiemetic therapy.

Material & Methods
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Post-operative adult female patients who underwent
surgery such as laparoscopic hysterectomy, cystectomy
and cholecystectomy surgeries or mastoidectomy at
Bangalore Baptist Hospital (BBH), Bengaluru, were
asked to participate in the study. The study was
conducted from February 2020 to March 2023. Patients
not within the age of 20-60, under the medication of
Cytochrome P450 inducers (e.g. Rifampicin,
Phenobarbitone, Phenytoin) or inhibitors (e.g.
Quinidine,  Fluoxetine, = Haloperidol),concomitant
diseases that might cause nausea or vomiting (e.g.,
severe heart failure, ulcerations or obstructions of the
upper gastrointestinal system, severe hepatic or renal
dysfunction, and brain metastases),prolonged QT
interval, motion sickness, pregnancy, active COVID-19
infection, or refusal to participate in the study were
excluded.

The institutional ethics committees of BBH approved
the study. Written informed consent was obtained
before start of the study. All procedures were carried
out in compliance with the ethical standards outlined in
the Declaration of Helsinki. The study was conducted
from February 2020 to March 2023.

According to Susan et al.'!, the percentage of PONV is
anticipated to be 0.38. The necessary sample size for
this investigation was 151, assuming a minimal odds
ratio of 2 in poorly metabolized individuals with a and
B errors of 1% and 20%, respectively, and power of
80%, 160 women were recruited in the study. Sample
size was calculated using n Master 2.0 program
(courtesy of the Biostatistics Resource & Training
Centre at Christian Medical College, Vellore).

The day before their scheduled operation, participants
underwent screening to determine if they met the
study's requirements and written informed consent was
obtained. Ranitidine 150mg H.S was given previous
night of surgery and on the day of surgery
preoperatively. All patients were given 0.1mg/kg
ondansetron intra venously intra operatively.
Assessment of PONV was done at 0-6, 6-12, 12-24 and
24-48 hours postoperatively using Nausea and Emesis
Scale (Table 1).

Table 1. Nausea and emesis scale.

Nausea and Vomiting Degree Score

No nausea/retching and vomiting 0

Nausea/retching present, but no vomiting | 1

Nausea/retching and vomiting present 2

Vomiting >2 episodes 3

Patients were asked to rate their severity of nausea or
vomiting by making a mark on theScale.If the patient

vomited, they were given a rescue anti-emetics
ondansetron 0.05mg/kg as stepl, followed by
Metoclopramide 0.15 mg/kg and Dexamethasone
0.1mg/kg i.v as step 2 and step3, respectively. Patients
were categorised into 4 groups according to their
surgical procedures (Table 2).

Table 2. Categorization of patients according to
their surgical procedure.

Groups 1 Tympanoplasty,. Mastoidectomy,
Tympano mastoidectomy

G ) Breast Carcinoma, Breast Lumps,

roups Modified Radical Mastectomy (MRM)
Laparoscopic Cholecystectomy, Chole

Groups 3 Lithiasis, . Laparoscopic Hernia,
Laparoscopic ~ Appendectomy,  Gall
Bladder Polyp
TLH, LAVH, Infertility, Ovarian

Groups 4 Cystef:tomy, Tube Ligation, Family
Planning, Myomectomy, Hysterectomy,
Laparoscopic Cystectomy

DNA extraction: Post operatively 5 mL of intravenous
blood was collected in EDTA tubes and transferred into
an ice box until further processing. Whole blood was
centrifuged and buffy coat was collected and stored at -
80°C until analysis. DNA was extracted by TRI method
following a modified manufacturer’s protocol (Sigma-
Aldrich Co. St. Louis, USA). Briefly, one-part buffy
coat was mixed with four-parts TRI, and one
chloroform (1:5, chloroform: TRI), and centrifuged at
12000 rcf for 15 min at 4°C.The aqueous layer was
washed with chloroform to remove excess phenol.
Chilled isopropanol and glycogen were used to pellet
the DNA. The pellet was washed with chilled 75%
ethanol and later dissolved in 22pLnuclease-free water.
DNA was quantitated using Biotek Synergy H1 reader
(Agilent Technologies, Inc., California, USA).

Genotyping: HTR3B (rs1176744 and 1s3758987)
TagMan SNP Genotyping assays were procured from
Thermo Fisher (Thermo Fisher, Massachusetts, USA).
The TagMan assays are designed such that the dyes
VIC and FAM correspond to only one variant each. A
real-time qPCR reaction was performed according to
the manufacturer’s recommendations (Thermo Fisher,
Massachusetts, USA). In brief, the reaction mixture
contained 5 puL of Universal Master Mix (2x) (Thermo
Fisher, Massachusetts, USA), 0.5uL of 40x HTR3B
genotyping assay mix (Thermo Fisher, Massachusetts,
USA), and 5.5uL of DNA (20ng) diluted in nuclease-
free H2O. The thermal cycling protocol consisted of an
initial cycle for 10 min at 95°C, followed by 50 cycles
at 92°C for 15 sec, and 60°C for 90 sec in Quant Studio
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6 Flex (Applied Biosystems, Foster City, USA).
Genotype calling was done using QS real-time PCR
software (version 1.4.0.0, Applied Biosystems, Foster
City, USA). A successful allele call was considered
valid when either one or both florescence signal(s),
corresponding to homozygous or heterozygous alleles,
respectively, passed the threshold of the reference
florescence signal. In cases where the software did not
auto-assign the genotype, manual genotype was
assigned based on the florescence intensity as
homozygous or heterozygous. If the samples were not
amplified, they were categorized as outliers and
excluded from analyses. Hardy Weinberg equation was
used to calculate the allele frequencies'?.

Statistical Analysis: Continuous variables were
assessed for distribution and are presented as mean +
standard deviation (SD) for normally distributed
variables or median with inter quartile range (IQR) for
non-normally  distributed variables. Categorical
variables are presented as counts and percentages. Chi-
square tests or Wilcoxon rank sum tests or Fisher’s
exact tests were used for where appropriate.
Associations between genetic variants and PONV were
assessed using univariate logistic regression models.
Odds ratios (ORs) with 95% confidence intervals (CI)
were calculated to estimate the strength of association
between genotypes and PONV across different
postoperative time intervals. Genotypes were analysed
using categorical models with the most common
genotype as the reference group. Separate analyses
were performed for each postoperative interval (0-6, 6—
12, 1224, and 24-48 hours). P<0.05 was considered
statistically significant.

Results

We analysed data from 159 participants. The mean age
was 39.47 + 12.5 years, height was 153.42 + 5.86 cm,
and body weight was 66.4 + 11.83 kg. Participants were
categorized into four clinical groups. Group 1
comprised 9 participants (5.66%), Group 225
participants (15.7%), Group 3 57 participants (35.9%),
and Group 4 68 participants (42.8%). PONV
occurrence was assessed at multiple postoperative
intervals. During the 0—6 hour postoperative period 29
(20.9%) experienced PONV, while 110 (79.1%) did not
report symptoms (n=139).In the 6—12 hour interval,33
(23.9%) reported PONV, whereas 105 (76.1%)
remained symptom-free (n=138). In the 12-24 hour
postoperative period, 14 (11.3%) experiencing PONV
and 110 (88.7%) reporting no symptoms (n=124). In the
2448 hour interval, 6 (7.8%) reported PONV, while 71
(92.2%) did not experience symptoms (n=77). Overall,
the incidence of PONV declined progressively with
increasing time after surgery (Table 3).

Table 3. Clinical characteristics of the study

participants.
Characteristic | n = 159!
Age (n=158) 39.5£12.50
Height (n=137) | 153.4+5.86
Weight (n=153) | 66.4£11.83
Diagnostic
procedure
Groups
1 9 (5.66%)
2 25 (15.72%)
3 57 (35.85%)
4 68 (42.77%)
PONVat 6hrs
0 110 (79.14%)
1 18 (12.95%)
2 10 (7.19%)
3 1 (0.72%)

PONVat 12hrs

0

105 (76.09%)

1

25 (18.12%)

2 5 (3.62%)

3 3 (2.17%)
PONVat 24hrs

0 110 (88.71%)
1 12 (9.68%)

2 2 (1.61%)
PONVat 48hrs

0 71 (92.21%)
1 4 (5.19%)

2 1 (1.30%)

3 1 (1.30%)
PONV.6hrs.ne

w

PONYV Absent 110 (79.14%)
PONV Present | 29 (20.86%)

PONV.12hrs.ne
w

PONYV Absent 105 (76.09%)
PONV Present | 33 (23.91%)
PONV.24hrs.ne

w

PONYV Absent 110 (88.71%)
PONYV Present 14 (11.29%)
PONV.48hrs.ne

w

PONV Absent | 71 (92.21%)
PONV Present | 6 (7.79%)
PONv.within.48

.hrs

PONV Absent 42 (55.26%)
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PONV Present | 34 (44.74%)
PONv.within.24

.hrs

PONYV Absent 78 (63.41%)
PONV Present | 45 (36.59%)
Allele

frequency  of

rs1176744

AA 44 (34.65%)
AC 61 (48.03%)
CcC 22 (17.32%)
Allele

frequency  of

1s3758987

CC 55 (39.57%)
TC 62 (44.60%)
TT 22 (15.83%)

'Mean+SD; n (%)

Genotyping: Genotyping was performed using
genomic DNA. The major allele in the population was
considered as the ‘reference allele’ 3. Two HTR3B
SNPs, rs1176744 and rs3758987, were evaluated.
Within rs1176744, AC genotype was the most frequent
(61 individuals, 48.0%), followed by AA (44
individuals, 34.7%) and CC (22 individuals, 17.3%).
For rs3758987, TC genotype was the most common (62
individuals, 44.6%), followed by CC (55 individuals,
39.6%) and TT (22 individuals, 15.8%). Hardy
Weinberg equilibrium was calculated to be 1.

Association of polymorphisms with PONV: Univariate
logistic regression analysis was used to examine the
association between HTR3B polymorphisms and
PONV across different postoperative intervals (Tables
4-7). In rs1176744, the AC genotype was associated
with a significantly lower odds of PONV during the 12—
24 hour postoperative interval when compared with the
AA genotype (OR=0.16, 95% CI10.02-0.77, p=0.034)
(Table 6). The CC genotype did not show a statistically
significant association with PONV during the same
interval (OR = 0.50, 95% CI 0.07-2.49, p = 0.40). In
rs3758987, the TT genotype showed a trend toward
increased risk of PONV during the 6-12 hour
postoperative period (OR = 3.18, 95% CI 0.93-10.9, p
= 0.062), but this was not statistically significant (Table
5). No statistically significant associations were
observed for other genotype across the remaining

Age 138 0.99 | 0.96, 0.5
1.02

Height 121 1.03 | 0.96, 04
1.11

Weight 137 1.01 | 0.97, 0.6
1.05

rs1176744 112

AA — =

AC 221 | 0.77, 0.2
7.40

CC 0.34 | 0.02, 03
2.36

rs3758987 120

CC — —

TC 1.11 | 043, 0.8
2.92

TT 0.45 | 0.06, 03
1.93

'OR = Odds Ratio, CI = Confidence Interval

Table 5. Association of polymorphisms with PONV
at 6-12 hours of postoperative interval.

Characteri | N OR! | 95% p-

stic Ccr' value

Age 137 | 0.97 0.94, 0.11
1.01

Height 120 | 1.02 0.95, 0.6
1.09

Weight 136 | 1.02 0.99, 0.2
1.06

rs1176744 111

AA R -

AC 0.93 0.34, 0.9
2.65

CC 1.35 0.35, 0.7
4.88

rs3758987 119

CC — —

TC 1.46 0.55, 0.5
4.09

TT 3.18 0.93, 0.062
10.9

!OR = Odds Ratio, CI = Confidence Interval

Table 6. Association of polymorphisms with PONV
at 12-24 hours of postoperative interval.

postoperative intervals (Tables 4, 7). Characte | N OR! | 95% CI' | p-
ristic value
Table 4. Association of polymorphisms with PONV Age 124 1.00 | 0.95, >0.9
at 0-6 hours of postoperative interval. 1.04
Characteris | N OR! | 95% | p- Height 109 | 0.99 | 0.90, 0.8
tic Ccr value 1.09
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Weight 123 1.00 | 0.95, 0.8
1.04

rs1176744 | 99

AA R

AC 0.16 | 0.02, 0.034
0.77

CC 0.50 | 0.07, 0.4
2.49

rs3758987 | 106

CcC — —

TC 0.65 | 0.15, 0.5
2.65

TT 1.54 | 0.29, 0.6
7.18

!OR = Odds Ratio, CI = Confidence Interval

Table 7. Association of polymorphisms with PONV
at 24-48 hours of postoperative interval.

Characte | N OR! | 95% CI! | p-

ristic value

Age 77 1.00 | 0.93, >(0.9
1.08

Height 66 090 | 0.77, 0.2
1.04

Weight 76 1.01 | 0.94, 0.8
1.08

rs1176744 | 60

AA — —

AC 0.31 | 0.01, 0.4
3.46

CC 1.00 | 0.04, >(0.9
11.9

rs3758987 | 69

CC — —

TC 1.00 | 0.11, >(0.9
8.81

TT 4.00 | 0.42, 0.2
38.6

!OR = Odds Ratio, CI = Confidence Interval

Discussion

We genotyped 159 south Indian women who underwent
surgery for their various clinical complications and then
were administered antiemetic drugs. About 80% of
patients reported nausea in the early postoperative
period (0—6 hours), while severe vomiting episodes
were rare and PONV scores gradually decreased over
time. Two variants of HTR3B, namely, rs1176744 and
rs3758987, were investigated for their association with

PONV. We observed a significant association between
the rs1176744 AC genotype and reduced odds of
PONV at 12-24 hours after surgery. In contrast,
rs3758987 showed only a non-significant trend toward
increased PONV risk. No consistent associations were
observed at earlier postoperative intervals. These
findings are important because PONV remains one of
the most common and complications after anaesthesia
and surgery. Our results suggests that genetic variation
in the serotonergic pathway may influence not only
whether PONV occurs, but also when it is most likely
to occur.HTR3B gene encodes the B subunit of the 5-
hydroxytryptamine type-3 (5-HT3) receptor'*. The 5-
HT3 receptor is a ligand-gated ion channel that
mediates serotonin-induced signalling in both the
central and peripheral nervous systems, and plays an
important role in the emetic reflex pathway'*. Variants
in HTR3B have been reported to influence receptor
function, including receptor kinetics and serotonin
responsiveness'®. Alterations in the receptor activity
could therefore modify nausea and vomiting
susceptibility by changing serotonergic
neurotransmission in the gastrointestinal tract and
brainstem emetic centres!!®). Although inconsistent,
previous reports suggest that HTR3B polymorphisms
may contribute to individual susceptibility to nausea
and vomiting, and our reports suggests the same. Gloor
et al. reported a modest but not statistically significant
association between rs1176744 AC and PONV>. In
Chinese Han women, no statistically significant
association between rs1176744 and PONV was
observed’. Laugsand et al. reported that participants
with the rs1176744 GG genotype had less intense
nausea!’. Taken together, these studies suggest that the
effect of HTR3B variation is present, it depends on the
population, clinical conditions, antiemetics given, and
genetic factors.

There are several limitations of our study. First is our
relatively modest sample size of 159 patients. As
PONV is a multifactorial condition that is influenced by
demographic factors, anaesthetic agents, type of
surgery and individual susceptibility, our findings are
not generalizable. Although genetic variation may
contribute to PONV risk, it likely interacts with
multiple environmental and clinical factors. Finally, we
investigated only two polymorphisms within the
HTR3B gene, and other genetic variants in the
serotonergic pathway may also play important roles in
determining PONV risk. Despite these limitations, our
study provides evidence supporting a protective role of
HTR3B genetic variation in influencing PONV.
Identification of more genetic variants associated with
PONV susceptibility may ultimately contribute to
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personalized postoperative care. Future studies with
larger sample diverse populations and
comprehensive genetic analyses are needed to confirm
these findings and ultimately improve patient care.
Acknowledgement

The authors would like to thank Karnataka College of
Pharmacy Bengaluru, Rajiv Gandhi University of
Health sciences Bengaluru, Bangalore Baptist Hospital,

sizes,

St. Johns Medical College and Dayananda Sagar
University, Bangalore for their kind support during
research work.

Conflict of interest

The authors have no conflicts of interest regarding this
investigation.

References

1. Son J, Yoon H. Factors Affecting Postoperative
Nausea and Vomiting in Surgical Patients. J Perianesth
Nurs. 2018;33(4):461-70.
doi:10.1016/j.jopan.2016.02.012

2. Fero KE, Jalota L, Hornuss C, Apfel CC.
Pharmacologic management of postoperative nausea
and vomiting. Expert OpinPharmacother.
2011;12(15):2283-96.
doi:10.1517/14656566.2011.598856

3. Lopez-Olaondo L, Carrascosa F, Pueyo FJ,
Monedero P, Busto N, Saez A. Combination of
ondansetron and dexamethasone in the prophylaxis of
postoperative nausea and vomiting. Br J Anaesth.
1996;76(6):835-40. doi:10.1093/bja/76.6.835

4. Zhang D, Shen Z, You J, Zhu X, Tang QF. Effect of
ondansetron in preventing postoperative nausea and
vomiting under different conditions of general
anesthesia: A preliminary, randomized, controlled
study. Ups J Med Sci. 2013;118(2):87-90.
doi:10.3109/03009734.2013.768315

5. Gloor Y, Czarnetzki C, Curtin F, Gil-Wey B,
Tramér MR, Desmeules JA. Genetic Susceptibility
Toward Nausea and Vomiting in Surgical Patients.
Front Genet. 2022;12:816908.
doi:10.3389/fgene.2021.816908

6. Ferreira MY, Barbosa GS, Neto JDDC, De Oliveira
Almeida G, Junior SP, De Faria AM, et al. Placebo-
controlled efficacy of 5-HT3 antagonists for
postoperative nausea and vomiting prophylaxis in
supratentorial craniotomies: A systematic review and
comparative meta-analysis of randomized -clinical
trials. Clin  NeurolNeurosurg. 2024;246:108569.
doi:10.1016/j.clineuro.2024.108569

7. YanT, Sul, Zhou L, Zhang L. Polymorphisms of 5-
hydroxytryptamine receptor type 3B gene and clinical
characteristics for vomiting after breast surgery in
chinesehan female population. J Clin Pharm Ther.
2021;46(4):936-41. doi:10.1111/jcpt.13386

8. Gupta M, Jain S, Moily NS, Kaur H, Jajodia A,
Purushottam M, et al. Genetic studies indicate a
potential target 5-HTRsg for Drug Therapy in
Schizophrenia Patients. Am J Med Genet B
Neuropsychiatr Genet. 2012;159B(8):1006-8.
doi:10.1002/ajmg.b.32105

9. Louca Jounger S, Christidis N, Hedenberg-
Magnusson B, List T, Svensson P, Schalling M, et al.
Influence of Polymorphisms in the HTR3A and HTR3B
Genes on Experimental Pain and the Effect of the 5-
HT3 Antagonist Granisetron. Wallace GR, editor.
PLOS ONE. 2016;11(12):e0168703.
doi:10.1371/journal.pone.0168703

10.Zhang X, Sun Y. The Predictive Role of ADRA2A
rs1800544 and HTR3B rs3758987 Polymorphisms in
Motion Sickness Susceptibility. Int J Environ Res
Public Health. 2021;18(24):13163.
doi:10.3390/ijerph182413163

11. Wesmiller SW, Henker RA, Sereika SM, Donovan
HS, Meng L, Gruen GS, et al. The Association of
CYP2D6 Genotype and Postoperative Nausea and
Vomiting in Orthopedic Trauma Patients. Biol Res
Nurs. 2013;15(4):382-9.
doi:10.1177/1099800412449181

12.Hardy GH. Mendelian Proportions in a Mixed
Population. Science. 1908;28(706):49-50.
doi:10.1126/science.28.706.49

13.Phan L, Jin Y, Zhang H, Qiang W, Shekhtman E,
Shao D, et al. ALFA: allele frequency aggregator. Natl
Cent Biotechnol Inf US Natl Libr Med. 2020;10.
14.Tzvetkov MV, Meineke C, Oetjen E, Hirsch-Ernst
K, Brockméller J. Tissue-specific alternative promoters
of the serotonin receptor gene HTR3B in human brain
and intestine. Gene. 2007;386(1-2):52-62.
doi:10.1016/j.gene.2006.08.002

15.Krzywkowski K, Davies PA, Feinberg-Zadek PL,
Brauner-Osborne H, Jensen AA. High-frequency
HTR3B variant associated with major depression
dramatically augments the signaling of the human 5-
HT3aB receptor. Proc Natl Acad Sci. 2008;105(2):722—
7. doi:10.1073/pnas.0708454105

16.Zhong W, Shahbaz O, Teskey G, Beever A,
Kachour N, Venketaraman V, et al. Mechanisms of
Nausea and Vomiting: Current Knowledge and Recent
Advances in Intracellular Emetic Signaling Systems.
Int J Mol Sci. 2021;22(11):5797.
doi:10.3390/ijms22115797

17.Laugsand EA, Fladvad T, Skorpen F, Maltoni M,
Kaasa S, Fayers P, et al. Clinical and genetic factors
associated with nausea and vomiting in cancer patients
receiving opioids. Eur J Cancer. 2011;47(11):1682-91.
doi:10.1016/j.ejca.2011.04.014

1JDDT, Volume 16 Issue 22s, 2026

Page 424



