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Abstract

Long-acting local anaesthetics have demonstrated
effectiveness in  managing intraoperative  and
postoperative pain. However, substances like lidocaine
and paraben preservatives can trigger allergic reactions
and methemoglobinemia in susceptible individuals. While
bupivacaine shares common side effects with other
local anesthetics, its adverse effects are amplified due
to the physicochemical properties of long-acting local
anesthetics. Recently, there has been growing interest in
utilizing saliva as a potential bio matrix for drug testing
because the drug concentration in saliva directly reflects
the free, non-protein-bound drug in plasma. This study
involved extracting lidocaine and bupivacaine from saliva
collected from healthy male patients using a liquid-
liquid extraction method. Gas Chromatography-Mass
Spectrometry (GC-MS) with ropivacaine as an internal
standard was employed for simultaneous determination
of both drugs. The results demonstrated high precision
and accuracy, with a limit of detection (LOD) and limit of
quantification (LOQ) of 3 ng/ml and 10 ng/ml for lidocaine,
and 20 ng/ml and 62 ng/ml for bupivacaine, respectively.
This non-invasive and user-friendly method provides
highly accurate drug analysis results.
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1. Introduction

Long-acting local anaesthetics have demon-
strated their effectiveness in managing both intra-
operative and postoperative pain [1], making them
invaluable for prolonged dental procedures and pre-
venting severe pain after various surgeries. Despite
their minimal side effects, these anaesthetics can
be quite toxic for susceptible individuals, especially
with repetitive use [2-6]. Lidocaine 2% viscous jelly,
a blend of lidocaine, preservatives, and suspend-
ing agents in water, serves as a topical anesthet-
ic for irritated or inflamed mucous membranes of
the mouth and throat, and helps reduce gag reflex
during X-rays and dental impressions [7]. Lidocaine
is easily absorbed through mucous membranes, the
gastrointestinal tract, and damaged skin [8], leading
to a range of symptoms after toxic doses, including
lightheadedness, confusion, and cardiovascular is-
sues [9]. Lidocaine, along with the paraben preser-
vatives, can trigger allergic reactions and methemo-
globinemia in susceptible individuals [10]. Since the
introduction of long-acting agents like bupivacaine
in dental anesthesia in 1983, their usage has rap-
idly increased. Animal studies have highlighted the
heightened systemic toxicity of bupivacaine com-
pared to lidocaine, with severe reactions like central
nervous system and cardiovascular issues, often
resulting in hemodynamic instability, cardiovascu-
lar collapse, and even death [11]. Although many
side effects of bupivacaine are common among lo-
cal anesthetics, the physiochemical properties of
long-acting variants intensify their adverse effects.
Therefore, it is crucial for dental practitioners em-
ploying these long-acting anesthetics to be well-
versed in their potential adverse reactions [12].
This awareness is especially important considering
the significant increase in drug-related emergency
room visits in the United States, which doubled from
2004 to 2009, reaching 4.6 million cases [13].

In India, although there are no specific statistics
regarding the number of patients reporting oral irri-
tation after the dental administration of bupivacaine
and topical lidocaine, there is a pressing need to
develop a swift method for identifying and quantify-
ing these drugs in saliva, especially in medico-legal
cases, to ensure appropriate medical intervention.
Instances of local anesthetic abuse and toxicity
have been documented by the national anti-doping
agency and criminalistics laboratories in India [14].
Saliva has recently garnered significant interest as
a potential biomatrix for drug testing [15-18]. Unlike
urine testing, where common methods of sample
adulteration can be easily applied, saliva analysis
offers distinct advantages [15]. Research has indi-
cated a direct correlation between drug concentra-
tion in saliva and the free, non-protein-bound drug
in plasma. Despite the knowledge of drugs being
present in saliva for some time, fewer samples are
tested compared to urine, mainly due to the limited
sample size and the brief detection window, often
less than 4 hours, coupled with relatively low drug
concentrations. The presence of parent drugs in sa-
liva occurs almost immediately after administration,
distinguishing it from urine and perspiration. Inter-
preting drug concentration in saliva can be intricate
due to various factors. Saliva's pH levels can affect
the concentrations of certain basic drugs. There-
fore, controlled collection conditions are essential
to accurately correlate these levels with blood drug
concentrations. Given the complexity of the sam-
ple matrix and the low concentrations of drugs and
metabolites, sample preparation is crucial for pre-
concentration of analytes and matrix cleanup [19].
Methods such as liquid-liquid extraction and solid
phase extraction are commonly employed for sam-
ple preparation before analysis. In oral fluid, the
predominant species is the parent drug, and there
is generally a correlation between oral fluid con-
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centration and blood/plasma concentrations. The
relatively low drug concentrations in saliva and the
limited sample volume available for analysis ne-
cessitate the use of micro-extraction techniques,
making them both attractive and necessary for this
matrix [20-22].

Researchers have employed various analytical
techniques like gas chromatography [23-27], liquid
chromatography [28], and capillary electrophore-
sis [29] to analyze anesthetics. Some studies have
attempted to determine the local anesthetic-free
fraction in serum or plasma using ultrafiltration and
micro-dialysis. In other cases, the free fraction of
anesthetics was estimated by analyzing correla-
tions between their protein binding degree, pH lev-
els, temperature, and solute concentrations. The
method devised in this study utilized liquid-liquid
extraction to isolate lidocaine and bupivacaine from
saliva samples obtained from healthy male patients.
The outcomes demonstrated remarkable precision
and accuracy.

2. Experimental

2.1. Materials and methods

Neon Pharmaceuticals Pvt. Ltd (India) provided
the standard lidocaine and bupivacaine, while
Sun Pharmaceuticals Pvt Ltd (India) supplied
ropivacaine, the chosen internal standard. All
chemicals used were of analytical reagent grade
unless specified otherwise. High-performance liquid
chromatography (HPLC) grade solvents, including
chloroform, hexane, and methanol, were employed.
Saliva samples were collected from healthy male
volunteers who were not under the influence of any
other drugs.

2.2. Extraction procedure

Saliva extraction was carried out using liquid-
liquid extraction. In each milliliter of saliva sample,
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100 pl of internal standard solution (0.2 mg/mL in
methanol) was added. The mixture was then washed
with 5 ml of chloroform, and the resulting organic
layer was discarded. The remaining aqueous phase
was rendered alkaline by adding carbonate buffer
(pH= 9.2) [30] and shaken with 5 ml of hexane for
5 minutes. After centrifugation at 3000 rpm, the
organic layer was separated and dried under a
nitrogen stream. The dried extract was reconstituted
with 100 ul of methanol, vortexed for 30 seconds,
and 2 pl of the solution was injected into GC-MS
for analysis. The samples were stored at -20°C until
further analysis and were thawed prior to analysis.
Blank saliva samples were tested to confirm the
absence of any drugs or pharmaceutical additives.

2.3. Gas Chromatography-Mass Spectrometry

The analysis was performed using a Perkin EI-
mer Clarus 600 Gas Chromatograph coupled with
a Clarus 600 S Mass Spectrometer and turbomass
5.3.0 software. Samples (2 pl) were injected in
splittess mode. The analytes were separated on
a ZB-5MS column (15m x 0.25mm x 0.1um, Phe-
nomenex) using helium as the carrier gas. The GC
injection port and interface transfer line were main-
tained at 210°C and 310°C, respectively. The oven
temperature was initially set at 90°C for 1 minute,
then ramped up to 290°C at 35°C/min, and finally
increased to 310°C at 10°C/min, where it was held
for 3 minutes. The injection port temperature was
kept at 260°C. The mass spectrometer operated
in positive electron ionization (El) mode with an
electron energy of 70 eV. The source temperature
was 150°C, and the mass scan was conducted in
El mode between 35-380 a.m.u. A solvent delay of
1.5 minutes was set for each analysis. Quantitation
of lidocaine, bupivacaine, and Ropivacaine (IS) was
done using m/z values 86, 140, and 126, respec-
tively.




2288 Simultaneous Determination of Lidocaine and Bupivacaine in Human Saliva Using Gas Chromatography-Mass Spectrometry

2.4. Preparation of working standard and quality
control solutions

Methanol was used to prepare stock solutions of
bupivacaine and lidocaine, resulting in a final con-
centration of 100 pg/ml. Calibration curve standard
solutions were derived from the stock solution at
concentrations of 2.5, 5, 10, 25, 50, 100, 250, 500,
and 1000 ng/ml. Methanol-based standards at con-
centrations of 2.5, 7.5, 75, and 750 ng/ml were pre-
pared from the stock solution to evaluate precision
and accuracy. All stock and standard solutions were
refrigerated (2 to 8°C) until the day of use.
2.5. Method validation

The methods underwent validation to assess lin-
earity, recovery, accuracy, and precision. Calibration
curves were constructed through linear regression
analysis, correlating the peak area of lidocaine and
bupivacaine with their respective concentrations, em-
ploying a weight of 1/x"2. Precision (% relative stan-
dard deviation, R.S.D.) and accuracy (% error) were
determined for four quality control (QC) samples. In-
tra-day accuracy and precision were evaluated by
analyzing six replicates of each QC point. This pro-
cess was repeated thrice across 3 days to establish
inter-day accuracy and precision. Relative recoveries
from saliva were computed for spiked samples ranging
from 1 to 20 pg/mL (n=3) by dividing the peak area of
the drugs by the peak area of an equivalent concentra-
tion of lidocaine and bupivacaine in deionized water.

2.5.1. Matrix effect and Carry over

The matrix effect was determined by comparing
the signal of spiked compounds at concentrations
of 0.2 pyg/ml (LQC), 1 pyg/ml (MQC), and 15 pg/ml
(HQC) for lidocaine, and 0.5 pyg/ml (LQC), 10 ug/
ml (MQC), and 20 pg/ml (HQC) for bupivacaine in
a methanolic solution of the drug with the signal ob-
tained from drug spiked saliva extracts at the corre-
sponding concentrations.

Furthermore, to investigate potential carryover,
a sample devoid of drugs was injected immediately
after analyzing a sample containing lidocaine and
bupivacaine at concentrations of 18 pg/ml and 22
ug/ml, respectively.

3. Result and discussion

3.1. Chromatographic parameters

Figure1 displays chromatograms of a blank sali-
va sample after extraction Figure1 (a), saliva spiked
with 1mg/ml of bupivacaine and lidocaine Figure1 (b),
and the extracted saliva from a dental ulcer patient
taken 15 minutes after intravenous injection of 1 mg/
kg of bupivacaine and a topical application of 50mg
of lidocaine Figurel (c). For quantifying lidocaine
and bupivacaine, the base peak (m/z) values of 86
and 140 were selected, as shown in figure 2 and 3.
Table 1 outlines the chromatographic parameters for
bupivacaine and lidocaine, including retention time,
relative retention time, number of plates, width, and
symmetric factors. Lidocaine eluted at 4.01 minutes,
well before the internal standard and other drugs in
the sample. Bupivacaine's retention time was 5.34
minutes, while ropivacaine eluted at 5.06 minutes.

3.2. Method validation

The method was validated according to the soci-
ety of forensic toxicology guidelines for validation of
analytical procedures.

3.2.1. Linearity

Linearity between the drug amounts and peak
area in the mass chromatogram was established in
El mode. The minimum detectable concentration and
the lowest quantifiable level for lidocaine and bupi-
vacaine were determined, see Table 2. Lidocaine's
LOD and LOQ were found to be 3 ng/ml and 10 ng/
ml, respectively, while bupivacaine's values were 20
ng/ml (LOD) and 62 ng/ml (LOQ). These concen-
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(a). Total ion chromatogram (TIC) obtained for blank saliva sample.
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(b). Total ion chromatogram (TIC) obtained for spike saliva sample
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(c). Total ion chromatogram (TIC) obtained for real saliva sample

Figure 1- Showing the chromatogram obtained for saliva samples.

trations demonstrated precision and accuracy with
a relative standard deviation of less than 20%. The
standard curves for lidocaine and bupivacaine were
linear within the concentration range of 1-20 pg/mL,
based on three different concentrations, each inject-
ed five times. The standard curve equations were as
follows: Y=50373X + 90484 (lidocaine, R2=0.9978)
and Y= 51473X — 16262 (bupivacaine, R2=0.9985).

3.2.2. Precision

Intraday precision was assessed by analyzing
six distinct preparations at concentrations of
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3, 8, and 16 ug/mL for lidocaine and 6, 11, and
18 pg/mL for bupivacaine within the same day.
To evaluate interday precision, the assays were
compared over three consecutive days. The
results, detailed in Table 3, indicate the method's
favorable precision.

3.2.3. Accuracy

Accuracy was verified by calculating the recovery
percentage of lidocaine and bupivacaine solutions at
three concentration levels (50%, 100%, and 150%
of the specified drug levels) for diluted samples
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(b). Lidocaine plausible fragmentation.

Figure 2- [ idocaine mass spectrum and plausible fragmentation.

Table 1- Chromatographic parameters for lidocaine, bupivacaine and ropivacaine (1.S).

Parameters Lidocaine Bupivacaine Ropivacaine
Retention time (min) 4.01 5.34 5.06
Relative retention time 0.3 0.56 0.7
Width (min) 0.027 0.034 0.065
Number of plates 248 350 188 970 89 160
Symmetric factor 0.89 0.9 0.96
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(a). Bupivacaine Mass spectrum.

(b). Bupivacaine plausible fragmentation.
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Figure 3- Bupivacaine mass spectrum and plausible fragmentation.

Table 2- Various parameters obtained for method validation of lidocaine and bupivacaine.

25

Parameters Lidocaine Bupivacaine
LOD 3 ng/ml 20ng/ml
LOQ 10ng/ml 62ng/ml

Linearity 0.15 pg-18 pg/mi 0.4ug-22 ug/mi
Slope 50373 51473
Intercept 90484 -16262
R 0.9978 0.9985

Regression equation

Y=50373X + 90484

Y=51473X - 16262

AJFSFM 2024; Volume 6 Issue (1)
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Table 3- Showing intraday and interday reproducibility data.

Intraday reproducibility

Interday reproducibility

Compound Amount added
P /ml Average amount found Average amount
9 9 +SD (n=6) 9 +SD (n=3)
(pg/mi) found (ug/ml)
3 2.32 0.67 2.51 1.16
Lidocaine 8 7.88 1.32 7.72 1.82
16 14.44 0.54 14.92 0.94
6 5.73 1.21 5.64 1.03
11 9.28 0.37 9.53 1.51
Bupivacaine
18 15.52 0.89 15.54 1.72

Table 4- Data showing the recovery of lidocaine and bupivacaine in saliva (spiked and real sample).

Compound Amzt:;/t:ljded Amo(yl.;;:lc_))u nd Recovery %  RSD [%] (n=3)
3 2.54 84.5 2.34
Saliva sample (spiked with lidocaine) 8 7.32 91.2 1.54
16 14.15 88.4 2.21
6 5.38 89.6 3.12
Saliva sample (spiked with bupivacaine) 11 9.42 85.7 4.22
18 15.75 87.5 1.56
Patient saliva (lidocaine) - 8.38 - 1.92
Patient saliva (bupivacaine) - 4.40 - 1.18

(three replicates for each concentration). To assess
accuracy, the determined concentrations were
compared. The recovery results are presented in
Table 4.

3.2.4. Matrix effect and carry over

The matrix effect had a minimal impact on the
signal, remaining below 16% for three different
concentrations (LQC, MQC, HQC). Moreover, car-
ryover in samples injected after high-concentration
samples was negligible, being less than 1%.

4. Conclusion

The method put forward here is straightforward,
precise, consistent, and rapid, enabling the analysis
of Lidocaine and bupivacaine in saliva samples. This
approach holds potential for routine use in scenarios
involving accidental lidocaine and bupivacaine
poisoning, drug abuse, and doping incidents. The
study results demonstrate that employing Liquid-Liquid
Extraction (LLE) followed by Electron lonization (EI)
detection in Gas Chromatography-Mass Spectrometry

(GC-MS) is an efficient analytical technique for

AJFSFM 2024; Volume 6 Issue (1)
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determining the concentrations of lidocaine and
bupivacaine in saliva samples. Significantly, this
method's sensitivity arises from the choice of matrix,
allowing the retrieval of the parent drug without
undergoing metabolization. Remarkably, no previous
method has been identified for simultaneous extraction
and quantification of local anesthetics from saliva. Due
to its brief runtime, this method is suited for routine
applications in drug testing, forensic investigations,
and clinical research laboratories.
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