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ABSTRACT

Introduction & Objectives: Benzodiazepines are commonly used as adjuvants to IV anesthetic agents. Diazepam
dosage varies widely depending on the desired endpoints. The rationale behind such inter-individual variability in
drug responses has been attributed to genetically determined alterations in the enzyme activities. We assessed the
emergence time in patients after induction of anesthesia with two different doses of diazepam and evaluated if any
correlation exists between the emergence time and genetic polymorphism in drug metabolizers CYP2C19, CYP2C9,
and CYP3A4 genes.

Methodology: The study was conducted on randomly selected adult patients scheduled for elective surgery between
40-60 y of age with predefined inclusion and exclusion criteria. The patients were distributed into 2 groups, with
group 1 receiving 0.2 mg/kg and group 2 given 0.3 mg/kg diazepam. Wake-up time after surgery was determined
after a standardized verbal command played by a tape-recorder. Three ml blood in Ethylenediaminetetraacetic acid
(EDTA) was collected before administering anesthesia.

Results: Wake-up time between 8-18 min did not vary between the two groups. Comparatively persons having 2C19
2 took longer time to wake-up but this association was not statistically significant. However, CYP2C9 2 and 2 C9 3
and CYP3A4 genotypes had no influence on wake-up time.

Conclusion: The pilot study suggests the emergence time from diazepam is longer in patients having 2C19 2 which
confers slow-metabolizer phenotype. However, this study needs to be replicated in larger sample size to arrive at
definitive conclusions before clinical applications.

Abbreviations: BDZ- benzodiazepine; EDTA- Ethylenediaminetetraacetic acid; GA-General Anesthesia
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1. INTRODUCTION

Diazepam, a benzodiazepine (BDZ), is commonly used
in the management of sleep disorders, anxiety, agitation
and alcohol withdrawal. In 1966, McClish reported the
use of diazepam as an induction agent in place of
intravenous barbiturates.t

Following extensive clinical use, a detailed study
demonstrated minimal cardiovascular  depression
following intravenous induction with diazepam, in
patients who had prior cardiovascular disease.?
Subsequent studies suggested that diazepam would be a
more suitable alternative for induction of general
anesthesia (GA) in patients with cardiovascular disease.®

CYP is a complex and important component of drug
metabolism, being the root of many drug interactions due
to inhibition, induction, and competition for common
enzymatic pathways by different drugs. Diazepam is
mostly metabolized and very little is excreted
unchanged. The drug undergoes oxidative metabolism
and demethylation (by CYP 2C9, 2C19, 2B6, 3A4 and
3A5) hydroxylation (CYP 3A4 and 2C19) and
glucuronidation in the liver as part of the cytochrome
P450 enzyme system. Most BDZs are highly lipophilic
and undergo extensive metabolism by CYP enzymes to
increase elimination. There are wide inter-individual
variations in the bio-transformations of BDZs, resulting
in pronounced differences in plasma concentrations both
after single dosing and multiple dosing and, possibly, in
therapeutic and adverse effects, when the same dose is
used.*

Many BDZs are metabolized to a significant extent by
the polymorphic CYP2C19 and CYP3A4/5. Other
CYPs, especially CYP1A2 and CYP2C9 may also be
involved in the metabolism of some BDZs.® Wide inter-
individual variation in drug response has been attributed
to genetic factors that influence the metabolism,
transport or target sites of the drug. A scientific
discipline termed ‘Pharmacogenetics’ has emerged to
study the effect of genetic variations on drug dosage,
efficacy and toxicities associated with the drugs.® The
drug dosage, between its therapeutic effect and apparent
adverse reaction, defines the therapeutic window.

For many drugs, the optimum dose required for effective
and safe therapy varies significantly from patient to
patient. Presently most drugs are administered based on
parameter like weight, which requires close monitoring
and there is a risk of toxicity. However,
pharmacogenetics can add another parameter of person’s
ability to metabolize the drug.” Basically,
polymorphisms in the CYP gene family may have had
the most impact on the fate of therapeutic drugs.® Based
on the polymorphisms, individuals are categorized as
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poor (PM), intermediate (IM) and fast metabolizers
(FM). The drug dosage requirements for the same
biological effect differ in different individuals, according
to their genetic make-up. Therefore, when attempts are
made to maximize drug efficacy and enhance drug
safety, pharmacogenetics and pharmacogenomics can
offer some novel contributions.

By testing a patient’s genetic profile, the clinician can
make more informed decisions in finding the best
medications and dosages for their patients.®

The study design is retrospective pharmacogenetic
analysis of prospectively collected clinical data.

2. METHODOLOGY

The study tested the hypothesis whether emergence of
anesthesia with different doses of diazepam will be
affected by the genetic variants of CYP2C19, CYP2C9,
and CYP3A4.The study aimed to evaluate the influence
of CYP gene polymorphisms on the clinical effect of
diazepam as anesthesia induction agent, and to study
whether there is any relationship between emergence
time and two different dosages of diazepam based on
genetic polymorphism detected in these patients.

After approval from hospital ethical committee, the
study was conducted on 120 randomly selected, adult
patients, ASA class lor 2, between 40-60 y of age,
scheduled for short elective surgeries (1-2 h) under GA,
and after taking due consent for the procedure. Patients
with history of hepatic, renal, metabolic or CNS disease,
were excluded. Patients taking sedatives, those on proton
pump inhibitors, H receptor blockers, antihypertensive
drugs were also excluded. Patients were allocated and
randomized by computer generated random number
table into 2 groups A and B. Group A patients were
induced with diazepam dosage of 0.2 mg/kg and Group
B was induced with dosage of 0.3 mg/kg. For blinding
purpose, primary anesthesiologist administered the
drugs for induction of GA while other investigator
(unaware of group allocation) was responsible for data
collection. For the purpose of double blinding, patients
were also kept unaware of group allocation. All patients
were fasted for over 6 h and routine premedication was
given. Paracetamol 15 mg/kg, a non-sedative analgesic
was given 30 min before the procedure, as preemptive
analgesic. In the operating room standard monitors were
applied and baseline readings of heart rate (HR), systolic
blood pressure (SBP), diastolic blood pressure (DBP)
and mean blood pressure (MAP) were recorded. All
patients were pre oxygenated for 3 min with oxygen flow
rate of 6 L/min on circle breathing system. Patients were
induced with inj. diazepam 0.2 mg/kg IV in Group A,
while Group B received inj. diazepam 0.3 mg/kg.
Propofol 1 mg/kg over 30 sec and succinylcholine 2
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Figure 1: Location of polymorphisms in CYP2C9 gene region

Figure 1.2: DNA sequencing chromatogram of CYP2C9*2

mg/kg were injected IV. Patients were intubated 30 sec

after the induction agent given.

Maintenance of

anesthesia was achieved with oxygen, nitrous oxide and
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Halothane 1.5% to 2%, with controlled
respiration on circle breathing system.
Muscle relaxation was maintained with inj.
vecuronium at 0.08 mg/kg. Hemodynamic
parameter including HR, SBP, DBP and
MAP were measured at 5 min intervals
throughout the procedure. The inspired and
end tidal gases were measured using a gas
analyzer.

After completion of the surgery, all inhaled
anesthetics were discontinued and on return
of spontaneous breaths the neuromuscular
blockade was antagonized with neostigmine
0.05 mg/kg and glycopyrrolate 0.04 mg/kg
and the patient was extubated and received
oxygen via anesthetic circuit. The point
where inhaled anesthetic was discontinued
was taken as the anesthetic end point. The
time from discontinuation of anesthetic agents
till the patient awakened (emergence time)
was measured.

Patients received a standardized verbal
command to open their eyes and this
command was played by tape every minute
via headphones. Patients were considered to
have awakened after they respond to verbal
command. It was assessed by at least two
observers (anesthesiologists, surgeon or nurse
in charge of the case).

At the end of surgery, a recovery score was
given to the patient based on the 3 parameters

given in Annexure I. A patient receiving a score of 5 or
6 was considered to have been fully awakened. A 3 ml
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Figure 1.3: Gene structure showing CYP2C19 polymorphisms and PCR products in different exons
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Representative gel Pictures
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Picture 1: Representative gel Picture for CYP2C9*2 and CYP2C9*3 genotyping:
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Picture 2: Representative gel Picture for CYP2C19*2 and CYP2C19*3 genotyping:
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of peripheral blood was withdrawn from study group of
patients before surgery in EDTA vial and mixed. It was
transferred to freezer till the time of use for genotyping
studies.

2.1. DNA extraction

DNA extraction was carried out by salting out method
from peripheral blood leukocytes pellets.*®

2.1.1. Genotyping of genetic markers
CYP2C9*2 (Exon 3, 430 C>T, rs1799853)

CYP2C9*2 was detected by PCR-RFLP as described,!
using primers (Table-1.2). 372-bp amplicon were
amplified in a 25 pl PCR mix comprising of 10 mM Tris-
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HCI pH 8.3, 1.25 mM MgCI2, 50 mM KCI, 200 mM
dNTPs, 0.2 mM of each of the primers, 2.5 U Taq
polymerase, and 1 pl (50-100 ng) of genomic DNA. PCR
was performed with an initial denaturation for 2 min at
94° C followed by 35 cycles of 30 s of denaturation at
94° C, 10 s of annealing at 60° C, 1 min of extension at
72° C, and a terminal extension for 7 min at 72° C
(Table-1.1). Wild type alleles (Arg) cut into fragments of
179, 119 and 74 bp, whereas mutant alleles (Cys)
showed fragments of 253 and 119 bp by loss of one
restriction site. (Picture 1A).

CYP2C9*3 (Exon-7, 1075 A>C, rs1057910) was
detected by a PCR-RFLP assay using primers as
mentioned in Table 1.2
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Table 1.1: Site of change and effect of genetic polymorphisms under study

dbSNP rs# Variant/
mutant

allele

Genes
(REEIGEIA)]

Chromosomal
position

Site of polymorphism/ effect

Change-
activity

CYP2C9 rs1799853 C (*2) 430C>T(Arg144Cys, Exon-3) Decreased 10924
CYP2C9 rs1057910 T (*3) 1075 A>C(lle359 Leu, Exon-7) Decreased 10924
CYP2C19 rs2244285 A (*2) 681G>A (splicing defect, Exon-5) None 10924.1-924.3
CYP2C19 rs4986893 A (*3) 636 G>A (stop codon, Exon-4) None 10924.1-924.3

Table 1.2: List of primers used

Primers Nucleotide Sequence Sequences RE/wild/variant product References
Size

CYP2C9*2F’ 5’-CACTGGCTGAAAGAGCTAACAGAG-3’ Sau96l/ 179,119 and 74bp 85

CYP2C9*2R’ 5-GTGATATGGAGTAGGGTCACCCAC-3’ 253 and 119 bp

CYP2C9*3F’ 5-AGGAAGAGATTGAACGTGTGA-3 Styl/130-bp

CYP2C9*3R’ 5-GGCAGGCTGGTGGGGAGAAGGCCAA-3* 104 and 26 bp

CYP2C19*2 m1F* 5-AATTACAACCAGAGCTTGGC-3’ Smal/169 86, 87

CYP2C19*2m1R’  5-TATCACTTTCCATAAAAGCAAG-3’ 120,49

CYP2C19*3 m2F’° 5-ATTGAATGAAAACATCAGGATTG-3’ BamHI/96 and 34

CYP2C19*3m2R’  5-ACTTCAGGGCTTGGTCAATA-3’ 130 bp

CYP3A4*1BF’ 5-GGACAGCCATAGAGACAACTGCA-3 Pstl/220, 81 and 33 88

CYP3A4*1BR’ 5-CTTTCCTGCCCTGCACAG-3’ bp and 199, 81, 33 and 21

Table 1.3: Summary of PCR conditions for various markers

Steps CYP2C9*2 CYP2C9*3 CYP2C19*2 CYP2C19*3 CYP3A4*1B

Initial 94°C for 4 min 94°C for 2 min 94°C for 4 min 94°C for 5 min 94°C for 5 min

Denaturation

Denaturation 94°C for 1 min 94°C for 30 sec 94°C for 1 min 94°C for 1 min 94°C for 30 sec

Annealing 62°C for45sec  57.5°Cfor45sec 57°Cfor30sec 56°C for 30 sec 55°C for 20 sec

Extension 72°C for 1 min 72°C for 30 sec 72°C for30sec  72°C for 30 sec 72°C for 30 sec

Final Extension 72°C for 7 min 72°C for 7 min

72°C for 7 min 72°C for 7 min 72°C for 5 min

CYP2C19 *2 (Exon-5, 681G> A, rs2244285) and
CYP2C19*3 (Exon-4, 636 G>A, rs4986893)

The wild type CYP2C19*1 gene and the two mutated
genes, CYP2C19*2 and CYP2C19*3, were identified by
PCR amplification using PCR- RFLP method.? The
primers used in this study were be m1F, m1R, m2F, and
m2R (Table-1.2) and conditions are summarized in
Table-1.3. After amplification, the amplicon was
digested with restriction endonucleases in 10 pl of the
buffer. For digestion of the 169-bp (for CYP2C19*2) or
130-bp (for CYP2C19*2) PCR product, 8 U of Smal with
NEB-3 buffer and 10U of BamHlI, with buffer Tango®
respectively, was used respectively and incubated at
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37°C for overnight. The fragments digested by these
enzymes were separated by 12% poly acrylamide gel
electrophoresis, along with a DNA molecular weight
marker. The wild types were assigned by the appearance
of bands of 120 and 49 bp for CYP2C19*2, and of 96 and
34 bp for CYP2C19*3. (Picture 2A and Picture 2B)

CYP3A4*1B (Promoter, -290 G> A, rs2740574)

CYP3A4*1B is a promoter polymorphism which
involves a nucleotide change of G>A at 290 position. It
was also genotyped by a PCR-RFLP assay using primers
(Table 1.2) and the PCR conditions are described in
Table 1.3. 334bp amplicon was digested with 10 units of
Pstl (New England Biolabs); wild type allele is
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Table 2: Assessment of BIS scores in patients

Diazepam 0.2 mg/kg | Diazepam 0.3 mg/kg

Patient BIS score | Patient BIS score

Al 56 B1 48
A2 50 B2 56
A3 48 B3 52
A4 44 B4 58
A5 58 B5 44
A6 B6 B6 54

genotyped by three bands (220, 81 and 33 bp) and variant
allele by four bands (199, 81, 33 and 21 bp).

The selected SNPs, their reference sequencing number
(rs number), chromosome position, PCR product size
and band pattern of RFLP are shown in Table 1.1.

Statistical analysis

Descriptive statistics of patients was presented as mean
and standard deviations for continuous measures

diazepam anesthesia and gene polymorphisms

whereas frequencies and percentages were used for
categorical measures. Allele and genotype frequencies
were calculated by direct counting. Statistical
significance of differences in genotype frequencies
between patients with different treatment outcome was
estimated by the Chi Square test. Binary logistic
regression was used for all analysis variables to estimate
risk as odds ratio (OR) with 95% confidence intervals
(95%Cils). All statistical analyses were performed using
the SPSS software version 17.0 (SPSS, Chicago, IL,
USA). Tests of statistical significance were two-sided,
and differences will be taken as significant when P <
0.05.

4. RESULTS

120 patients were selected for the study and divided into
two groups (60 each). Group A patients, anesthesia was
induced with diazepam at a dosage of 0.2 mg/kg and
Group B patients anesthesia induced with diazepam at a
dosage of 0.3 mg/kg. At the end of surgery all inhaled
anesthetics were discontinued and patient received
oxygen via anesthetic circuit. Emergence time of both

Table 3: Patient details and emergent time after Diazepam dose of 0.2 mg/kg

£ 8
= 5
c o
2 3]
o €
= w

Al 40/F 54 12 A21 48/M

Weight (kg)
Emergence
Weight (kg)
Emergence

65 14 A4l 59/M 70 16

A2 46/F 64 15 A22 54/M

56 12 A42 43/F 50 9

A3 60/M 70 14 A23 44/F

40 12 A43 60/F 65 12

A4 55/M 68 14 A24 50/F

60 14 Ad4 48/M 68 14

A5 48/M 60 10 A25 54/M

40 16 A45 60/M 60 18

A6 48/F 54 10 A26 46/M

68 12 A46 55/F 66 20

A7 60/F 44 12 A27 40/F 46 8 A47 48/M 76 22
A8 45/F 56 14 A28 58/M 60 9 A48 54/M 74 22
A9 50/F 50 16 A29 40/F 66 10 A49 46/M 56 08
A10 52/M 66 16 A30 45/M 70 18 A50 48/f 58 14

All 44/F 56 18 A3l 45/M

60 16 A51 45/F 60 16

Al12 58/M 68 15 A32 57/F

78 12 A52 45/F 58 14

A13 40/F 64 10 A33 66/M

64 10 A53 44/F 74 20

Al4 55/M 58 9 A34 44/M

44 09 A54 56/M 65 12

A15 44/F 42 15 A35 54/F

54 20 A55 50/M 64 14

Al6 56/M 72 12 A36 43/F

56 22 A56 56/M 58 09

Al7 46/M 64 14 A37 48/F

40 10 A57 58/F 44 08

Al8 44/F 38 14 A38 38/F

64 14 A58 40/F 56 12

Al19 58/M 64 8 A39 40/M

58 10 A59 471F 70 18

A20 60/F 54 8 A40 43/M

46 18 A60 60/M 66 20
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Table 4 Patient details and emergent time after diazepam dose of 0.3 mg/kg

— ®
o

[& R
= S <
£ o&
=) 0 o
o E £
; W =

Weight (kg)
Emergence
time (min)
Weight (kg)
Emergence
time (min)

Bl 44/F 44 16 B21 60/M 68 18 B41 60/M 78 22
B2 56/M 70 14 B222 42/F 52 12 B42 42/M 60 14
B3 42/M 64 12 B23 55/M 70 08 B43 60/F 50 10
B4 60/F 56 14 B24 44/M 68 12 B44 46/F 54 14
B5 42/F 40 14 B25 60/F 78 10 B45 40/M 60 16
B6 58/M 58 18 B26 42/F 54 15 B46 50/F 60 14
B7 45/M 58 18 B27 45/M 70 14 B47 45/M 64 16
B8 40/M 80 18 B28 54/M 60 18 B48 40/F 52 12
B9 42/F 76 22 B29 58/F 34 09 B49 56/M 76 18
B10 54/F 64 9 B30 42/F 44 17 B50 60/M 54 10
B11 40/F 42 12 B31 48/M 65 08 B51 56/M 66 20
B12 43/IM 76 08 B32 58/M 58 11 B52 42/F 54 09
B13 55/F 64 16 B33 60/F 80 20 B53 60/F 50 10
B14 60/M 60 18 B34 45/F 56 14 B54 60/M 72 22
B15 44/M 64 20 B35 43/IM 60 16 B55 49/M 66 16
B16 45/F 56 14 B36 56/M 78 12 B56 50/F 62 14
B17 58/F 44 10 B37 51/F 45 14 B57 45/F 50 11
B18 46/M 66 12 B38 45/M 68 11 B58 55/F 64 16
B19 46/F 36 09 B39 46/F 54 15 B59 56/M 68 18
B20 60/M 60 16 B40 53/F 44 12 B60 50/M 78 22

groups, was recorded manually (Table 3 and Table 4).
Depth of anesthesia in all cases of each group was
monitored by BIS score (Table 2).

The range of BIS in these patients was between 40-60.
In the rest of the patients, anesthetic depth was
maintained by clinical parameters heart rate, blood
pressure. No clinically significant adverse events,
including deviations in blood pressure, pulse rate, and
other physiological responses, were recognizable
throughout the study phases. All subjects completed the
study following the protocol. The CYP genotypes of
Group A (Table 5) and Group B (Table 6) are done.

4.1. Patient characteristics

The demographic profile and the clinical characteristics
of patients are shown in Table 7. These mean
demographic data did not significantly differ between
the two groups. Mean age (49.97 + 6.84 vs. 50.15 +
7.15), male/female ratio (48.3% vs. 51.7%) and mean
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Table 7: Patients characteristics

Parameter

*Age (y) 49.97 + 50.15 0.886
6.84 7.15

*Weight (kg) 59.32 60.37 £ 0.590
9.83 11.41

Male sex 29 31 0.855
(48.3%) (51.7%)

weight (59.32 £ 9.83 vs. 60.37 £ 11.41) were not
significantly different between the two groups of
patients. Average emergence time 14 min and range 8-
22 min. Further, both groups were also categorized on
the basis of emergence time (Table 8) and we found that,
about 34% of patients in both groups had emergence
time between 14-16 min.

CYP Polymorphisms and its relation with

emergence time

Open access attribution (CC BY-NC 4.0)
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Table 5: CYP genotypes in Group A patients

In our study, none of the individuals
were homozygous for the 2C9*2
(1075 A>C) or 2C9*3(430 C >T)

= A A = A A
o |0 |8 |¢@ o |5 |5 | ¢ (revles)
= § § e < = § § e < 81.7% of patients of group A were
iz > > o N e > > * N homozygous for the 2C9*2 1075
s Q Q Q g s Q Q Q S AA genotype with 13.9 min mean
wake-up time while 18.3% patients
Al CC |AA |GG |AA | A3l |CC |AA |GG | AA were heterozygous for 1075 AC
A2 CC | AA GG | AA A32 | CC | AA GA | AA genotype with 12.6 min mean
A3 cc | AA GA | AA A33 | cc | Ac GG | AA wake-up time. Similarly, in group
B, 80.0% patients were
A4 CC [AC GG |AG |A34 |CC |AA AA AA homozygous for the 2C9*2 1075
A5 CC | AA GG | AA A35 | CC | AA GA | AA AA genotype with 14.7 min mean
A6 cc AA GG AA A36 CcT AA GG AA wake-up time and 20.0 % patients
were heterozygous for 1075 AC
AT ce AA AA AA As7T_|cC AC GA AA genotype with 13.0 min mean
A8 CC |AA |GG |AA A3 |CC |AC |GG |AA wake-up time. No significant
AQ CcC AA GG AA A39 cC AA GA AA differences were observed at
A0 | cc AC AA AA A40 | cC AA GG | AA genotypic as well as allele level in
both group of patients for 430 T
All |CC |AA |GG |AA | A4l |CC |AA | GA | AA | vyarjant (P =0.335 P =0.357 and P
Al2 | CC | AA GG |AA | A42 | CC |AA GG | AA = 0.182, P = 0.206 respectively)
A13 |cc |Aaa |GG |AA |A43 |cc |AA |GG |aa | (Table9).
Al4 CT AA GG AA A44 cC AC GA AG CYP2C9 430 C>T (*3 variant)
Al5 | cc AA GG | AA A45 | cc AA GG | AA polymorphism also did not showed
any significant association with
Al6 | CC AC GG | AA Ad6 | CC AA GG | AA mean wake-up time in both group of
Al17 | CC AA GA | AA A47 | CC AA GA AA patients either receiving 0.2 mg/kg
Al8 [CC |AA |GG |AA | A48 |CcC |AA |GG |AA | of diazepam (Group A) and 0.3
A9 |cC |AA |GG |AA |aa9 |cc | aa | ca |aa | Molkg of diazepam (Group B) at
both genotypic as well as allelic
A20 |CC |AA | AA |AA |AS0 | CC | AC |GG | AA level (Table 10). Majority (93.3%)
A21 | CC | AA GG | AA A5l | CC | AA GA | AA of patients of group A were
A2 |cc |Aa |GG |AA |[As2 [cc |Aaa |GG |aa | homozygous for - the 430CC
genotype with 13.7 min mean
A23 CcC AA GA AA A5B3 cC AA AA AA wake-up time and only 6.7%
A24 | CC AA GA | AA A54 | CT AA GG | AA patients were heterozygous for
A25 |CC |AA |[GA |AA |AS5 |[CC |AA | GA |AA | 430CT QEHOWP? Witg_ 1_2|-7| min
mean wake-up time. Similarly, in
A26 | CcC AA AA AA AS6 | CC AC GG group B, 90.0% of the patients were
A27 |CT | AA |GG |AA | A57 |CC | AC |GA homozygous for the 430CC
A28 |CC |AA |GA |[AA | A58 |cCC |AA |GG genotype with 143 min mean
A29 | cc | AA AA AA A59 | CcC | AA GA | Aa wake-up time and 10.0 % patients
were heterozygous for 430CT
A30 |CC |AC |GG |AA |A60 | CC |AA |GG |AA genotype with 147 min mean

Influence of polymorphisms in drug metabolizing genes
CYP2C9, CYP2C19 and CYP3A4 on diazepam induced
anesthesia response to Emergence time was assessed in
120 patients. The strength of association was determined
in terms of OR (95% CI) and P value, using SPSS and
shown in Tables 2.6 to 2.8.

CYP2C9
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wake-up time. No significant differences were observed
at genotypic as well as allele level in both group of
patients for 430 T variant (P = 0.630, P = 0.632 and P =
0.825, P = 0.828 respectively) (Table 10).

CYP2C19*2 (681G>A) and CYP2C19*3 (636G>A):

Similar to CYP2C9, in group A, the mean wake-up time
of patients with homozygous GG genotype of CYP2C19
681G>A was not significantly different with
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Table 6: CYP genotypes in Group B patients

(Group A, allele G mean wake-up time 13.8
min vs. A allele mean wakeup time 13.4

O < O < min; P =0.675 and (Group B, allele G mean
o N o N2 6 wake-up time 14.3 min vs. A allele mean
- § g g < | = % g °:8| < wakeup time 14.4 min; P = 0.949) (Table
5 < = = o 5 < = = o 11) The CYP2C19*3 636G>A
g 3 & O I |8 S 8 o 3 polymorphism was found to be
& e monomorphic in our population and hence
Bl [CC |[AA |AA |AA |B31 |[CC |AA | GA | AA the polymorphism does not contribute to
B2 lcc |AA |GG | AA | B32 | cc | AA | AA | AA drug response in our population.
B3 |[CC |AA |GG |AA | B33 |CC |AC | GA | AA CYP3A4*1B: Polymorphism
B4 |CC |AA |GA |AA | B34 |CC |AA |GA |AA CYP3A4*1B polymorphism also did not
B5 |CC |AA |GG |AA | B35 |CC | AA | GG | AA show significant associations with mean
B6 | cC | AA | AA | AA IB36 | T | AA | GA | AA wak(_e—up time in patients having 0.2 mg/kg
of diazepam (Group A) and 0.3 mg/kg of
B7 |CT |AA |GA |AA |B37 |CC |AC |GA | AA diazepam (Group B) at both genotypic as
B8 |CC |AA |GG |AA | B38 |[CC |AC | AA | AA well as allelic level. (Table 12). 96.7% of
B9 |lcc |aa A [ AA [ B39 |cc [ aa | Ga | AA patients of group A were homozygous for
the CYP3A4*1B 290AA genotype with
B10 | CC |AC |GG |AA | B40 | CC | AA | GA | AA 13.7 min mean wake-up time and only 3.3%
B1l1 |CC |AA |GG |AA | B41 |CC |AA |GA | AA patients were heterozygous for 290AG
B12 |CC |AA |GG |AA [ B42 |cc | AA | GA | AA genotype with 12.7 min mean wake-up
B3 |lcC |AC |GG | AA | Ba3 | cc | AA | AA | AA time. In group B, there was no patient with
heterozygous and variant genotype. All
Bl4 |CC |AA |AA |AA |B44 |CC |AA | GA | AA patients were homozygous for CYP3A4*1B
B15 |CC |AA |GG |AA | B45 | CC | AA |GG | AA 290AA genotype with 14.3 mean wakeup
B16 | CT |AA |GG | AA | Bas |cc | Aaa | Aa | AA time. No significgnt differences were
817 A | An | Ba7 T T oa v observed at genotypic as well as allele level
cc C |G c GG in group A of patients for CYP3A4*1B 290
B18 [CC |AC |GG |AA | B48 |CC |AA | GA | AA G variant (P = 0.903 in both cases) (Table
B19 | CC | AA GA | AA B49 | CC | AA | AA | AA 12).
B20 |CC |AA |GA | AA |[B50 | CC |AC | GA | AA A DISCUSSION
B21 | CC | AA GA | AA B51 | CC | AA GG | AA :
B22 lcc |AA | AA | AA [ B52 [cc | AA | AA | AA Zr}a}lrmacogenetics isb t:1e stuiy of genhetiﬁ
ifferences in metabolic pathways whic
B23 | CC |AA |GA | AA |BS3 | CC |AC |GG | AA can affect individual responses to drugs,
B24 |CC |AA |AA |AA | B54 | CC |AA |GA | AA both in terms of therapeutic effect as well as
B25 [CC |AA |GG |AA | B55 | CC | AA | AA | AA adverse effects. Much of current clinical
B26 |cC | AA | GA | AA | B56 | oT | AA | GA | AA interest in phe_lrmacogenencs, places great
emphasis on improving drug safety. The
B27 | CT |AA |GA |AA | B57 |CC |AC |GG | AA wider use of pharmacogenetic testing is
B28 | CC |AA | AA |AA | B58 |CC | AC | AA | AA viewed by many as an outstanding
B29 lcc |aA A [ AA [B59 |cc | aa | Ga | AA opportunity to improve prescribing safety
830 | cc | Ac oG | Aaa 1Beo | cc | Aa | GaA | An and efficacy. Driving this trend are the
106,000 deaths and 2.2 million serious

heterozygous and variant genotype patients mean wake-
up time (13.5 min vs. 14.3 min, P = 0.507). But in group
B patients, there was a significant difference between
mean wake-up times of homozygous GG genotype and
heterozygous genotype (13.3 min vs. 16.8 min, P =
0.001) (Table 11).

However, both groups did not show significant
difference in mean wake-up times at their allelic levels.
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events caused by adverse drug reactions in the US alone
each year, where health-care is much advanced.! As such
ADRs are responsible for 5-7% of hospital admissions in
the US and Europe, lead to the withdrawal of 4% of new
medicines and cost society an amount equal to the costs
of drug treatment.
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Table 8 Emergence time of patients

Wake-up time 11-13 min
Male 10 (16.7) 12 (20.0)
Female 19 (31.7) 9 (15.0)
Diazepam 0.2 mg/kg (Group A) 17 (28.3) 10 (16.7)
Diazepam 0.3 mg/kg (Group B) 12 (20.0) 11 (18.3)

14-16 min  18-20 min  20-22 min  Total
17 (28.3)  11(18.3) 10(16.7) 60
25 (41.7) 3(5.0) 4 (6.0) 60
21 (35.0) 5(8.3) 7(11.7) 60
21(35.0) 9 (15.0) 7 (11.7) 60

Difference between Diazepam at 0.2 mg/kg (Group A) and 0.3 mg/kg (Group B) is not significant (P value 0.726)

Table 9 : CYP2C9*2 Polymorphism and its relation with emergence time

CYP2C9*2 Group A

Group B

Genotype N (%) Mean Wake- P value N (%) Wake-up P value
up time (min) time (Min)

1075 AA 49 (81.7%) 13.9 Reference 48 (80%) 14.7 Reference

1075 AC+ CC 11 (18.3%) 12.6 0.335 12(20%) 13.0 0.182
Allele

2C9 1075A 109 (90.8%) 13.8 Reference 108 (90%) 145 Reference

(Wild)

2C9 1075C 11 (9.2%) 12.6 0.357 12(10%) 13.0 0.206

(Mutant)

Table 10: CYP2C9*3 Polymorphism and its relation with emergence time

CYP2C9*3 Group A

Group B

Genotype N (%) Mean Wake- P value N (%) Wake-up P value
up time (min) time (Min)

430 CC 56(93.3%) 13.7 Reference 54(90.0%) 14.3 Reference
430 CT+TT 4(6.7%) 12.7 0.630 6(10.0%) 14.7 0.825
Allele

2C9 430C (Wild)  116(96.7%) 13.7 Reference 114(95.0%) 14.3 Reference
2C9 430T 4(3.3%) 12.8 0.632 6(5.0%) 14.7 0.828
(Mutant)

Table 11: CYP2C19*2 Polymorphism and its relation with emergence time

CYP2C19*2 Group A Group B

Genotypes N (%) Mean wake-up P value N (%) Mean wake-up P value
time (min) time (min)

681 GG 47(78.3%) 13.5 Reference  42(70.0%) 13.3 Reference

681 GA+AA 13(21.7%) 14.3 0.507 18(30.0%) 16.8 0.001

Alleles

2C19 681G (Wild) 87(72.5%) 13.8 Reference 67(55.8%) 14.3 Reference

2C9 1 681A (Mutant) 33(27.5%) 13.4 0.675 53(44.2%) 14.4 0.949

Significant values are given in bold
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Table 12: CYP3A4*1B Polymorphism and its relation with emergence time

CYP3A4*1B Group A Group B

Genotypes Mean wake-up P value Mean wake-up P value
time (min) time (min)

290 AA 58(96.7%) 13.7 Reference  60(100%) 14.3 Reference

290 AG +GG 2(3.3%) 14.0 0.903 0(0%) - -

Alleles

3A4*1A (Wild) 118(98.3%) 13.7 Reference  120(100%) 14.3 Reference

3A4*1B (Mutant)  2(1.7%) 14.0 0.903 0(0%) - -

The current perspectives in pharmacogenetics have led
to the era of personalized medicines which relies on the
presumption that every person has a unique variation of
the human genome.*® Although most of the variation
between individuals has no effect on health, an
individual's health stems from genetic variation with
behaviors and influences from the environment.t®
Modern advances in personalized medicine rely on
technology that confirms a patient's fundamental
biology, DNA, RNA, or protein, which ultimately leads
to confirming disease.

Here, genomic information is used to study individual
responses to drugs. When a gene variant is associated
with a particular drug response in a patient, there is the
potential for making clinical decisions based on genetics
by adjusting the dosage or choosing a different drug.
Modern approaches include
single nucleotide polymorphism (SNP) profiles, and
these approaches are just coming into clinical use for
drug discovery and development.*4

The development of fundamental pharmacokinetics and
pharmacodynamics concepts has enabled
anesthesiologists to choose and dose anesthetic agents on
a rational basis. The application of these concepts to a
variety of clinical scenarios and patient populations
makes it possible to individualize the dose, thereby
decreasing the risk of complications. As more
knowledge is gained about the sometimes profound
differences in drug response, empirical dosing such as in
milligrams per kilogram of total body weight will
disappear from the anesthesia specialty.’®

Anesthesia has been at the forefront in the discovery of
pharmacogenomic disorders such as
pseudocholinesterase deficiency, malignant
hyperthermia (MH), and thiopental-induced porphyria,
yet many anesthesia providers have limited knowledge
of the topic beyond these specific disorders.'®
Pharmacogenomics as a predictor of drug response is
increasingly used in medicine and drug development:
Taking into consideration the importance of
pharmacogenetics in practice of anesthesia, we planned
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this study to assess the effect of genetic factors on the
clinical effect of diazepam, a commonly used induction
agent, particularly in cardiovascular surgeries.
Paracetamol was given as non-sedative analgesic in start
of the procedure. It was given as a preemptive analgesic.
The main mechanism of paracetamol action is inhibition
of COX-2 activity.'” They act primarily in peripheral
tissues to inhibit the formation of pain-producing
substances such as prostaglandins. They do not produce
any sedation since they act peripherally and not
centrally. So, the emergence time following diazepam
induction is not affected by using paracetamol as
preemptive analgesic. Paracetamol is metabolized
primarily in the liver. Animal and human in vitro studies
have shown that the CYP isoenzyme responsible for the
majority of human biotransformation of paracetamol to
NAPQI is CYP2E1.* As diazepam is primarily
metabolized by CYP2C19, paracetamol does not
interfere with action of diazepam.

In our study, we assessed the time of emergence of
patient after induction of anesthesia with two different
doses of diazepam based on genetic polymorphism in
CYP2C19, CYP2C9, CYP3A4 genes. We observed that
the mean time of emergence was higher in patients with
mutant alleles of CYP2C19*2 after induction of
anesthesia with 0.3 mg/kg doses of diazepam. No
association was found in both group of patients in
CYP2C9*2 (430 C>T), CYP2C9*3 (1075 A>C),
CYP3A4*1B. CYP2C19*3 turned out to be
monomorphic in our population and therefore does not
seem to be important among Indians.

These results were in agreement with previous studies in
which the pharmacokinetic profiles of diazepam has
been shown to depend on the activity of CYP2C19
enzyme.'® 20 2L Andersson et al. showed that the N-
demethylation of diazepam was catalysed by CYP2C19
and CYP3A4, whereas the 3-hydroxylation was
catalyzed mainly by CYP3A4 in human liver
microsomes.?? The results of the study by Jung et al.
were virtually the same.? Bertilsson et al. reported that
PMs of CYP2C19 showed significantly lower clearance
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(12 vs. 26 mL/m) and longer elimination half-life (t1/2)
(88 vs. 41 h) of diazepam than EMs after a single oral
dose of diazepam.?* Also, PMs had lower clearance and
longer elimination t1/2 of desmethyldiazepam. Qin et al.
reported that the area under the plasma concentration—
time curve (AUC) and elimination t1/2 of both diazepam
and desmethyldiazepam increased  significantly
according to the increase in mutated CYP2C19 alleles,
suggesting significant effects of the gene-dose of
CYP2C19 on the metabolism of diazepam and
desmethyldiazepam.!®

Ghoneim et al. reported a lower clearance of diazepam
among Orientals than among Caucasians, and this may
be explained by the higher prevalence of the CYP2C19
deficiency in the former group.®

Our findings are in support to previous observations
which identified CYP2C19 as major drug metabolizer
for commonly prescribed benzodiazepines. On the basis
of these observations, we propose that poor metabolizer
phenotype of CYP2C19 could have advantage over
extensive metabolizer phenotype in patients during
induction of anesthesia; it is likely that patients with poor
metabolizer phenotype will require lesser drug doses of
diazepam as compared to patients with extensive
metabolism. So, patients with extensive metabolism are
more likely to become drug resistant during the induction
of anesthesia.

However, we did not find any obvious difference in
wake-up time based on CYP2C9 at allele or genotype
levels. Also, the difference in two groups receiving 0.2
and 0.3 mg/kg were not obvious. It also conforms with
earlier reports that CYP2C9 does not play important role
in metabolism of diazepam. Similarly, CYP3A4
polymorphisms also did not influence the wake-up time
of diazepam.

The results of present study show that CYP2C19
polymorphisms have visible and significant effect on
anesthesia duration. However, the differences were not
too spectacular to influence clinical practice. However,
we did not observe rare 2C19*2 homozygous variants
with 2 mutant alleles who may be slow metabolizers and
result in prolonged effect of anesthesia. It would be
advisable to use lower dose of the drug.

It is obvious that diazepam given 0.2 mg/kg is equally
effective than 0.3 mg/kg. Also, the lower dose is not
influenced by CYP2C19 polymorphism. Therefore,
lower regimen is more suited for patients in our
population.

5. LIMITATIONS

It is case-only association study which draws its
conclusions based on statistical analysis which ideally
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requires large number of samples. In this regard, sample
size of 60 in each group will obviously result in low
statistical power. Therefore, the study may be replicated
in larger number of patients before clinical
implementation.

Another limitation is that we have only considered three
genes from drug metabolism pathway. However, drug
response is also affected by drug transport and drug
targets. Therefore, future studies should also consider
exploring genes from those pathways. To overcome
limitations in number of genes, the present study designs
have considered using whole genome chips. However,
such studies will be prohibitory expensive. A middle
ground will to carry out multi-centric studies where each
Centre carries out study in small group which can be
meta-analyzed.

6. CONCLUSION

Mean wake-up time of diazepam induced general
anesthesia was not significantly different between two
doses (0.2 mg/kg or 0.3 mg/kg). Genetic polymorphisms
in CYP2C9 polymorphism (*2 and *3) did not affect the
wake-up time of diazepam-induced general anesthesia,
in both low and high doses of the anesthetic agent.
Genetic  polymorphism in  CYP2C19(CYP2C19
681G>A, CYP2C19*2) polymorphism at genotype level
did not influence wake-up in in group receiving
diazepam at 0.2 mg/kg but there was significant increase
in wake-up time of patient with CYP2C19*2 receiving
0.3 mg/kg diazepam.CYP2C19*3 636G>A
polymorphism was not observed in our group of patients.
CYP3A4*1B polymorphism also did not significant
associate with mean wake-up time in both group of
patients. These findings support the fact that CYP2C19
is important gene for pharmacogenetic studies of
diazepam. Higher dose of diazepam in 2C19*2 may also
result in drug-associated adverse drug reactions. As
diazepam at 0.2 mg/kg is not influenced by CYP2C19
polymorphism, therefore the lower dosage of diazepam
may be preferred for anesthesia.
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