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During Anesthesia Induction

Purpose: Propofol is one of the most commonly used intravenous sedatives in general
anesthesia, while the individual variations of propofol are apparent. The objective of this
study was to investigate the influence of genetic variations in GABAergic neurons and
glutamatergic neurons on time to loss of consciousness (LOC) and the incidence of hypoten-
sion during anesthesia induction.

Patients and Methods: A total of 140 Chinese patients undergoing thyroid surgery or
breast surgery were recruited. Genotyping of candidate genes was carried out using the
Agena Bioscience MassARRAY system. Anesthesia induction was initiated with a propofol
target plasma concentration (Cp) of 4.0 pg mL™". The LOC latency, systolic blood pressure,
diastolic blood pressure, mean arterial pressure were documented.

Results: We found that GABRA2 rs35496835, GABRBI rs1372496, GABRG2 rs11135176,
GABRG?2 15209358, GADI 153791878, SLC1A3 1s1049522 and gender were significant
determinants of the patient’s LOC latency following propofol administration. GABRA2
rs11503014 was highly correlated with blood pressure reduction during anesthesia induction.
Multiple linear regression analysis revealed that GABRBI rs1372496, GABRG?2 rs11135176,
and SLC1A3 rs1049522 accounted for 35.3% variations in LOC latency following propofol
administration.

Conclusion: Our findings indicate that genetic variants of GABRA2, GABRBI, GABRG?2,
GADI and SLC1A43 may have influence on propofol susceptibility, which would be an important
guidance towards building clinical models that can precisely predict the efficacy of propofol with
various populations before surgery.
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Introduction

Propofol is one of the most commonly used intravenous agents for both the
induction and maintenance of total intravenous general anesthesia.'” The target-
controlled infusion (TCI) of propofol has been widely studied and applied in
clinical settings.>* However, the patients’ responses to propofol vary significantly,
even under the same target concentration. It had been shown that the time to loss of
verbal contact and the time to bispectral index <70 varied by 6.6- and 4.3-fold,
respectively.” Improper level of sedation may lead to prolonged induction time,
hypotension, bradycardia and respiratory depression.®” Therefore, it is essential to
study the individual differences of response related to propofol among patients and
identify some biomarkers for the prediction of propofol susceptibility.
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Propofol promotes gamma-aminobutyric acid type
A receptor (GABAAR)-mediated chloride conductance,
which enhances inhibitory post-synaptic potentials.® In
addition, propofol inhibits the action of glutamate-
mediated excitatory nerves.”'® Individual differences of
propofol are attributed to many factors, including genetic
polymorphisms. Nowadays, only a few pharmacogenetic
studies have focused on the significant inter-individual
variances in propofol susceptibility or the effects on
GABAergic neurons and glutamatergic neurons. Zhong''
found that Sodium Voltage-Gated Channel Alpha Subunit
9 (SCNY4) rs6746030 was associated with the increased
response to propofol, and that Dopamine Receptor D2
(DRD2) 152283265 was associated with cardiovascular
susceptibility to propofol anesthesia. IohomG’ analysed
the correlation between Gamma-aminobutyric Acid Type
A Receptor Subunit Epsilon (GABRE) [mRNA358] G/T,
20118C/T, 20326C/T and 20502 A/T and individual differ-
ences of propofol, while no positive results were found.
Therefore, whether gene polymorphisms in GABAergic
neurons and glutamatergic neurons would affect the
response to propofol in the clinic remain unknown.

In order to provide more comprehensive evidences
regarding individualized use of propofol, this study inves-
tigated the effects of genetic variations in GABAergic and
glutamatergic neurons on the responses to propofol in 140
Chinese patients. Time to loss of consciousness (LOC) and
incidence of hypotension during anesthesia induction were
selected as candidate physiologic phenotypes of responses
related to propofol.

Materials and Methods

Study Design

The study complied with the Declaration of Helsinki pro-
tocol and was approved by the Ethics Committee of the
First Affiliated Hospital of Sun Yat-sen University,
Guangzhou, China. Patient enrolment, sample collection
and follow-up were registered at the Chinese Clinical Trial
Registry (ChiCTR1900022251). Written informed consent
was obtained from all participants. In patients undergoing
total intravenous anesthesia with propofol, we previously
observed that the sleep latency was about (1.60+0.80,
mediant interquartile range) min. SNP (single nucleotide
polymorphism) that analysed in our study had >0.10 minor
allele frequency in Chinese population. With a two-tailed
alpha of 0.05 and a power of 0.80, this research was
designed to detect a difference between groups of at least

0.50 min in sleep latency. Based on these estimates, a total
of 108 patients were required for this study. Finally, a total
of 140 patients undergoing thyroid surgery or breast sur-
gery under total intravenous anesthesia with propofol were
enrolled in this study.

The inclusion criteria were as follows: (1) male or
female patients over 18 years old, (2) patients with
American Society of Anesthesiologists (ASA)'? physical
status class I to II, and (3) patients initially scheduled
for thyroid surgery or breast surgery. The exclusion
criteria were as follows: (1) patients with serious under-
lying diseases (heart failure, severe liver insufficiency,
severe renal insufficiency, endocrine disorders, or any
other condition that fitted the ASA III-V category). (2)
patients with long-term medication history of sedatives,
and (3) patients using cytochrome P450 modulators

within one month.

Anesthesia Management

Patients under total intravenous anesthesia were adminis-
tered with propofol (Diprifusor, AstraZeneca, England). In
accordance with the Marsh’s pharmacokinetic models,'?
a TCI pump of propofol (Injectomat TIVA Agilia,
Fresenius, Germany) was used for the induction and main-
tenance of anesthesia. Anesthetic induction was initiated
with a propofol target plasma concentration (Cp) of 4.0
ng mL~'. The Narcotrend system (Narcotrend-Compact,
MT MonitorTechnik GmbH & Co. KG, Hannover Medical
School, Germany) provided anesthesia depth classified
from A (awake) to F (excessive anesthesia/burst suppres-
sion). To minimize the effects induced by dose difference
of propofol on the study results, the Cp was increased only
when the patient was unable to lose consciousness with the
target concentration of 4 ug mL™'. Opioids and muscle
relaxants were used right after the time of LOC to avoid
interference in the assessment of LOC. The time of LOC
was defined as loss of verbal commands and eyelash
reflex. LOC latency, defined as the time from induction
initiation to LOC, was documented. TCI was guided by
a Narcotrend anesthetic depth monitor after LOC. Systolic
blood pressure (SP), diastolic blood pressure (DP), and
mean arterial pressure (MAP) were recorded at two time
points (before any sedative prescriptions and at the time of
LOC). Hypotension was defined as the SP reduction of
over 20% at the time of LOC compared with that at the
baseline.
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DNA Isolation and Genotyping

Peripheral whole-blood sample of each patient was col-
lected in EDTA-coated polypropylene tubes and centri-
fuged at 4000 rpm for 10 min. DNA isolation was
conducted with the improved phenol-chloroform extrac-
tion method."* All blood and DNA samples were frozen
at —80°C until analysis. Important genes in GABAergic
and glutamatergic neurons were explored in this study.
Firstly, SNPs of the candidate genes, with minor allele
frequencies over 0.10 in Chinese population, were selected
by the NCBI
Ensembl (http://asia.ensembl.org/index.html) databases.

(https://www.ncbi.nlm.nih.gov/) and

Then, we searched PubMed and Embase for researches
related to these SNPs. SNPs that had been reported in

previous studies'> 2!

were preferred. Finally, a total of 15
SNPs, including SNPs in Gamma-Aminobutyric Acid
Type A Receptor Subunit Alpha 2 (GABRAZ;
rs11503014, rs279827, rs279858, rs35496835), Gamma-
Aminobutyric Acid Type A Receptor Subunit Beta 1
(GABRBI; 136290, 151372496, 154627835, rs16860087),
Gamma-Aminobutyric Acid Type A Receptor Subunit
Gamma 2 (GABRG2; rs211037, rs11135176, rs209358),
Glutamate  Decarboxylase 1 (GADI; 13749034,
rs3791878) and Solute carrier family 1 member 3
(SLCI1A43; 1s1049524, rs1049522), were genotyped using

the Agena MassArray Analyzer 4 system (Agena, USA).

Statistical Analysis

Statistical analysis was performed using SPSS version
22.0 (IBM, USA). The data of LOC latency were abnor-
mal distribution and expressed as the median and inter-
quartile range. The Mann—Whitney U-test or Kruskal—
Wallis test was applied to assess the relationship between
genetic polymorphisms and LOC latency. Chi-square test
was conducted to examine the correlation between the
genotypes and blood pressure changes. Spearman correla-
tion analysis or Chi-square test was performed to analyse
the correlation between demographic characteristics and
LOC latency. Statistical significance was defined as
P values < 0.05. The SNPstats software (http://bioinfo.
iconcologia.net/SNPstats) was used to analyse the SNP

model, which was estimated by the following genetic

models: the codominant, dominant, recessive, over-
dominant, and log-additive models. When the Akaike
information criterion and Bayesian information criterion
were the lowest, the genetic model was selected as the
optimal model for the SNP. SNP functions were predicted

by the SNPinfo Web Server (https://snpinfo.niehs.nih.gov/

snpinfo/snpfunc.html). With consideration of confounding

factors, such as gender, age, weight, height, ASA and
baseline biochemical indicators, statistical significance
had been reanalysed by multivariate linear regression.
The GraphPad Prism 5 (GraphPad, USA) software was
used for drawing plots.

Results

Patients’ Characteristics

With the same initial TCI concentration of propofol, consider-
able inter-individual differences in LOC latency were recorded
in this study. The time from initiation of induction to LOC
ranged from 0.50 min to 11.00 min, with a median of 1.62 min.
Supplementary Tables 1 and 2 summarize the demographic

characteristics of the recruited patients and the correlation
between demographic information and LOC latency induced
by propofol. Only gender was associated with LOC latency.
Female patients required a shorter time to LOC than male
patients (1.58+1.13 min vs 2.10+1.16 min, P=0.025).

Correlation Between Polymorphisms and
Propofol Susceptibility

The allelic frequencies and genotype distributions of the
recruited patients are shown in Supplementary Table 3. All

SNPs were in the Hardy—Weinberg equilibrium. Linkage dis-
equilibrium analysis showed that linkage disequilibrium
existed in GABRA2 15279827 and 15279858 (D’=1.00,
7=0.82).

Among all the detected SNPs, GABRA2 rs35496835,
GABRBI 151372496, GABRG2 rs11135176, GABRG2
1209358, GADI rs3791878 and SLCI1A3 rs1049522 were
significant determinants of LOC latency induced by propofol
(Figure 1). Patients with the following genotypes had
a significantly longer LOC latency than others: GABRAZ2
1rs35496835 GG+G.del genotype (GG+G.del vs del.del, 1.90
+1.03 vs 1.33+0.71 min, P=0.010), GABRBI 151372496 CC
genotype (TT+TC vs CC, 1.39+0.84 vs 1.83+1.13 min,
P=0.002), GABRG?2 1511135176 CC genotype (CC vs CT
+TT, 1.75+1.17 vs 1.50+1.00 min, P=0.035), GABRG2
1s209358 TT genotype (CC+CT vs TT, 1.50+0.95 vs 2.00
+1.09 min, P=0.031), GADI 1s3791878 GT+TT genotype
(GG vs GT+TT, 1.50+1.09 vs 1.87+1.01 min, P=0.030),
SLCIA3 151049522 AC genotype (AA+CC vs AC, 1.50
+1.15 vs 1.83+1.22 min, P=0.039).

With regard to cardiovascular susceptibility, GABRA2
rs11503014 was significantly associated with SP reduction
(GG+GC vs CC, 53% vs 25%, P=0.035), DP reduction (GG
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Figure | Association of LOC latency with SNPs. (A) GABRA2 rs35496835, (B) GABRB/ rs1372496, (C) GABRG2 rs| 1135176, (D) GABRG2 rs209358, (E) GAD/ rs3791878,

(F) SLCIA3 rs1049522. Error bars represent median and range.

+GC vs CC, 60% vs 27%, P=0.030), and MAP reduction
(GG+GC vs CC, 53% vs 24%, P=0.016). Compared with the
CC genotype of GABRA2 1511503014, the GG+GC genotype
increased the risk of hypotension (Figure 2).

Multivariate Linear Analysis of SNPs with
LOC Latency Accounting for Potential
Confounding Factors

To evaluate the effect of genotypes and demographic charac-
teristics on LOC latency, multiple variable analysis was carried
out. The final model accounted for 35.3% of the individual
variation in LOC latency induced by propofol, including SNPs
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of GABRBI 151372496, GABRG?2 rs11135176, and SLCIA3
rs1049522. Among these genes, GABRG?2 rs11135176 con-
tributed the most to the inter-individual variability in LOC
latency, with a proportion of 22.2%, whereas GABRBI
1s1372496 and SLC1A3 rs1049522 were responsible for inter-
individual variabilities of 20.2% and 12.7%, respectively
(Table 1).

Discussion

Propofol is one of the most commonly used intravenous
agents for both the induction and maintenance of total
intravenous general anesthesia. However, the significant
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Figure 2 Association of hypotension with GABRA2 rs|1503014. GABRA2 rs11503014 was significantly associated with SP reduction (A), DP reduction (B), and MAP

reduction (C) in the recessive model.

Abbreviations: SP, systolic blood pressure; DP, diastolic blood pressure; MAP, mean arterial pressure.
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Table |1 Multiple Linear Regression Analysis of LOC Latency
Variable Unstandardized Coefficients | Standardized Coefficients P values Partial r Partial r?
(Constant) 1.191 - <0.001 - -
GABRBI rs1372496 -0.783 -0.396 0.006 —-0.449 0.202
GABRG2 rsl 1135176 0.909 0.431 0.004 0.471 0.222
SLCIA3 rs1049522 0.549 0.304 0.033 0.356 0.127

Notes: In this equation, genotypes were be assigned as: (1) GABRB/ rs1372496, TT+TC=1, CC=0; (2) GABRG2 rs| 1135176, CC=I, CT+TT=0; (3) SLC/IA3 rs1049522,

AC=1, AA+CC=0.

inter-individual differences in LOC latency suggested that
even under administration at the same TCI concentration,
the pharmacodynamic effects of propofol varied signifi-
cantly among patients. In this study, we found, for the first
time, that GABRA2, GABRBI, GABRG2, GADI and
SLCIA3 gene polymorphisms were associated with LOC
latency during propofol mediated anesthesia. GABRA2
rs11503014 was significantly associated with hypotension
during anesthesia induction. Multiple regression analysis
showed that GABRBI 151372496, GABRG?2 rs11135176,
and SLCIA3 rs1049522 accounted for 35.3% of the indi-
vidual variation in LOC latency induced by propofol.
Propofol exerts its hypnotic effect through potentiating
the inhibitory neurotransmitter GABA. The action of GABA
on GABAAR is modulated either by prolonging inhibitory
postsynaptic currents mediated by GABAA receptors or by
enhancing GABA release via presynaptic mechanisms.***
GABAAR is a member of the ligand-gated ion channel
superfamily, which consists of various subunits (a1-6, f1-4,
y1-3, 8, €, and p1-3).%* Anesthetics can bind to hydrophobic
pockets within different GABAA receptor subunits® to
increase the chloride influx current and neuronal hyperpolar-
ization, and propofol mostly binds on the B subunits.
However, no significant finding has been reported about
the influence of GABAAR polymorphisms on response
related to propofol among patients until now. In our study,
GABRBI 151372496, the SNP of B1 subunit, was found to be
correlated with the patients’ LOC latency after propofol
administration and also included in the multiple linear regres-
sion model. GABRBI 131372496 is located in the intron
region, and the intronic gene polymorphisms are associated
with drug susceptibility for their affection on the alternative
splicing of human genes.®>® Mutation of GABRBI
rs1372496 may have close relationship with the structure
and function of GABAAR 1 subunit and the combination
of propofol and GABAAR. Meanwhile, different subunit
compositions give rise to subtly different subtypes of
GABAA receptor, which may also bind to propofol. Our

study found that polymorphisms of GABAAR o and y sub-
unit were also associated with LOC latency during propofol
mediated anesthesia. GABRA2 and GABRG?2 encoded the 02
and y2 subunits of GABAAR, respectively, and we found
that GABRA2 1535496835, GABRG2 r1s11135176 and
GABRG?2 15209358 were correlated with the LOC latency
for the first time. GABRG2 rs11135176 was also included in
multiple linear regression model for predicting the LOC
latency of patients anesthetized with propofol. It was sug-
gested that as a synonymous mutation, GABRG2 rs11135176
might bind to an exonic splicing enhancer or silencer, thereby
affecting the cleavage of mRNA and functions of the gene.

Although the inhibiting effect of propofol on central
nervous system is probably mediated through the GABA
receptors, other pathways may also play a role. In our
study, SLCIA3 1s1049522 and GADI rs3791878 were
found to be associated with LOC latency. Propofol can
inhibit the Na' channel-mediated glutamate release.’
SLCI1A3, a type of glutamate transporter, played a key role
in the rapid removal of glutamate released from the synaptic
cleft.?” SLC143 151049522 was predicted to be a binding site
for microRNAs (miRNAs) in the SNP function prediction
website. Furthermore, GAD was the rate-limiting enzyme in
GABA formation.®® Tt had been reported that GADI
rs3791878 and its haplotypes (rs3762556 [C] rs3791878
[G] 156755102 [C]) were associated with schizophrenia in
the Chinese Han population.®’ Therefore, further studies
should pay more attention to the influence of polymorphisms
of SLC1A43 and GADI on propofol susceptibility, and the
molecular alterations for unconsciousness.

Owing to the significant individual differences of propo-
fol, it was not easy for anesthesiologists to provide precise
dose regimens for each patient. Hypotension is a common,
sometimes even hazardous, adverse effect, particularly in
patients with hypovolemia or requiring emergency proce-
dures. We found that the CC genotype of GABRA?2
rs11503014 decreased the risk of propofol-induced blood
pressure reduction. GABRA2 rs11503014 had also been
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reported to be associated with the cardiovascular susceptibil-
ity of Chinese patients to propofol anesthesia.'' Since there
was no direct evidence on the relationships between hypoten-
sion and GABA, further studies should pay more attention to
the mechanism about the influences of polymorphisms in the
GABAAR genes on blood pressure during propofol
mediated anesthesia.

In addition to genetic factors, we found that gender
might be an affecting factor of the LOC latency of patients
anesthetized with propofol. Female required a shorter time
to LOC than male, revealing that females were more
sensitive to propofol than men. Steroids and sex hormones,
such as progesterone, have sedative and anesthetic
effects.>>? In the present study, anesthesia was adminis-
tered for thyroid surgery and breast surgery; hence,
a higher number of females than males were included.
Multiple variable analysis was carried out to assess all
the statistical significance, and gender was not consist in
the final linear model. Besides, each genotype cohort was
well balanced with respect to gender in our gene analysis,
which avoided the influence of confounding factors.

To sum up, the results from this study indicated that
genetic factors significantly influenced the patients’
responses of propofol. However, a limited number of genes
were included in the observation and analysis, therefore,
subsequent studies should explore more gene polymorphisms

and clinical indicators among a wider and diverse population.

Conclusion

In conclusion, this study showed that genetic polymorph-
isms of GABRA2, GABRBI, GABRG2, GAD1 and SLCIA3
had influence on LOC latency during propofol mediated
total intravenous anesthesia in Chinese patients. GABRA?2
rs11503014 was significantly associated with blood pres-
sure reduction during anesthesia induction. Our findings
suggested that in formulating individualized medication
regimens with propofol, more attention should be paid to
the effects of gene polymorphisms.

Abbreviations
TCI, Target-controlled infusion; LOC, Loss of conscious-
ness; Cp, target plasma concentration; GABAAR,

Gamma-Aminobutyric Acid Type A Receptor; SLC1A3,
Solute Carrier Family 1 Member 3; GAD, Glutamate
Decarboxylase; SCN9A, Sodium Voltage-Gated Channel
Alpha Subunit 9; DRD2, Dopamine Receptor D2; SNP,
single nucleotide polymorphism; ASA, American Society
of Anesthesiologists; SP, Systolic blood pressure; DP,

Diastolic blood pressure; MAP, Mean arterial pressure;
GABRA?2, Gamma-Aminobutyric Acid Type A Receptor
Subunit Alpha 2; GABRBI1, Gamma-Aminobutyric Acid
Type A Receptor Subunit Beta 1; GABRG2, Gamma-
Aminobutyric Acid Type A Receptor Subunit Gamma 2.
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