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Abstract
The opioid crisis remains a significant public health concern, necessitating the development of sensitive and reliable analytical 
methods for drug detection. This study aimed to develop and validate a liquid chromatography–tandem mass spectrometry 
(LC–MS/MS) method for the simultaneous detection and quantification of fentanyl, buprenorphine, oxycodone, morphine, 
tramadol, and tapentadol in plasma and oral fluid. The method was validated according to FDA guidelines, assessing selec-
tivity, linearity, precision, accuracy, matrix effect, extraction efficiency, stability, carryover, and dilution integrity. The lower 
limits of quantification (LLOQs) were established at 0.1 ng/mL for fentanyl, 1.2 ng/mL for tramadol, and 0.6 ng/mL for the 
remaining opioids, demonstrating high sensitivity. The method exhibited excellent precision and accuracy, with coefficients 
of variation below 15% for intra-day, inter-day, and intermediate precision analyses. Extraction efficiencies exceeded 90% 
for most analytes, and matrix effects remained within acceptable limits. Real-world application to authentic plasma and 
oral fluid samples confirmed the method’s robustness and reliability. Oral fluid concentrations were detectable across all 
target opioids, although plasma–oral fluid ratios showed some compound-dependent variability. These findings highlight the 
potential of oral fluid as a non-invasive complementary matrix to plasma for opioid monitoring, with relevant implications 
for forensic toxicology and clinical drug monitoring.
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Introduction

Opioid use continues to pose major public health and regu-
latory challenges worldwide, although the epidemiologi-
cal context varies considerably across regions. In 2019, 

approximately 600,000 deaths worldwide were attributed 
to drug use, with close to 80% of these deaths related to 
opioids [1]. Notably, about 25% of these opioid-related 
deaths were due to overdose [2, 3]. By 2017, an esti-
mated 40.5 million individuals globally were dependent 
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on opioids, underscoring the widespread nature of this 
epidemic [4].

The proliferation of potent synthetic opioids, such as 
fentanyl and nitazenes, has exacerbated the crisis [3]. 
These substances are significantly more potent than heroin 
and have been linked to a surge in overdose deaths. For 
instance, in the USA, synthetic opioids have led to 75,000 
deaths in a single year (2017) [1, 4, 5]. Similarly, the UK 
reported nearly 300 nitazenes-related fatalities between 
June 2023 and August 2024 [6, 7].

In Europe, the context differs substantially, as opioid-
related challenges are characterised predominantly by the 
widespread therapeutic use of prescription opioids for 
acute and chronic pain management [8, 9]. Nonetheless, 
diversion, misuse, non-medical consumption, and intoxi-
cations involving these medications remain growing con-
cerns, highlighting the need for reliable analytical tools in 
both clinical and forensic settings [6–9].

This alarming trend underscores the critical need for 
sensitive and specific analytical methods to detect and 
quantify opioids in various biological matrices [10–13]. 
Accurate analysis is essential for effective clinical moni-
toring, guiding treatment strategies, and informing public 
health interventions aimed at mitigating the impact of the 
opioid epidemic.

Plasma and oral fluid are two biological matrices com-
monly utilised for drug detection. Plasma provides reliable 
quantitative data on drug concentrations, serving as a gold 
standard for pharmacokinetic and toxicological studies. 
However, collecting plasma samples is invasive, requires 
trained personnel, and may not always be feasible in outpa-
tient or resource-limited settings [14].

Oral fluid has emerged as a promising alternative matrix 
for drug testing, offering several advantages, such as ease of 
collection, non-invasiveness, and reduced risk of tampering. 
Oral fluid analysis can reflect recent drug use and may serve 
as a surrogate for plasma levels in certain contexts. Despite 
these benefits, challenges such as variability in sample col-
lection, lower analyte concentrations, and potential matrix 
effects warrant a thorough comparison of its efficacy relative 
to plasma [15, 16].

The pharmacokinetics of opioids, including absorption, 
distribution, metabolism, and excretion, play a critical role 
in determining their detectability in biological matrices. 
Plasma provides a direct measure of circulating drug lev-
els, which correlates with pharmacodynamic effects and 
therapeutic outcomes. Conversely, oral fluid reflects the 
free drug fraction and may provide a closer approximation 
of pharmacologically active concentrations. Variations in 
pH, salivary flow rate, and drug physicochemical properties 
can influence oral fluid drug levels, necessitating advanced 
analytical techniques and standardised protocols for accurate 
quantification [17].

Liquid chromatography-tandem mass spectrometry 
(LC–MS/MS) is a powerful analytical technique for opioid 
detection due to its high sensitivity, specificity, and ability 
to simultaneously quantify multiple compounds in complex 
biological samples. It allows for precise identification and 
measurement of opioids and their metabolites, ensuring 
accurate and reproducible results [18].

Several analytical approaches have been reported for 
the determination of opioids in biological matrices, most 
of them based on LC–MS/MS combined with extraction 
techniques such as solid-phase or liquid–liquid extraction. 
Nevertheless, the majority of these studies address only a 
limited range of analytes and are validated in a single biolog-
ical fluid, typically plasma or urine. To our knowledge, no 
previously published work has described a method capable 
of simultaneously quantifying the six opioids investigated 
in this study, namely morphine, buprenorphine, tramadol, 
fentanyl, oxycodone, and tapentadol, in both plasma and oral 
fluid. This dual-matrix validation holds particular signifi-
cance in the fields of forensic and clinical toxicology, where 
these matrices are often used complementarily. Thus, the 
present work was designed to develop and validate a rapid, 
reliable LC–MS/MS method for the simultaneous determi-
nation of six opioids in plasma and oral fluid, employing a 
simple, reproducible protein precipitation step suitable for 
implementation in routine analytical laboratories.

Methods and materials

Standards and reagents

The analytical standards for buprenorphine (BUP), fentanyl 
(FENT), morphine (MOR), oxycodone (OXY), tapentadol 
(TAP), tramadol (TRA), and the internal standards (ISs), 
methadone-d3 and morphine-d3, were purchased from 
Sigma-Aldrich (Steinheim, Germany). All LC–MS grade 
(≥ 99.0%) methanol, acetonitrile, and water were acquired 
from Honeywell Riedel-de-Hanën™ (Seelze, Germany). 
Formic acid (98–100%) was supplied by Merck (Darmstadt, 
Germany), and ammonium formate 1 M (p.a.) was purchased 
from Fluka/Sigma-Aldrich (Steinheim, Germany).

Stock solutions of each analyte were prepared at a con-
centration of 10 µg/mL by appropriate dilution with metha-
nol. Working solutions of the analytes were further prepared 
by diluting the stock solutions with methanol: water (1:1, 
v/v) to achieve a final concentration of 300 ng/mL. From this 
intermediate solution, a series of successive dilutions were 
performed using methanol: water (1:1, v/v) to generate the 
full calibration range (0.1–300 ng/mL). A working IS solu-
tion at 500 ng/mL was also prepared using methanol: water 
(1:1, v/v). All solutions were stored at -20 ºC, protected from 
light.
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Quality control (QC) samples were prepared at four 
concentration levels (2.3, 18.8, 75, and 300 ng/mL) within 
the calibration range. All QC samples were prepared from 
independent working solutions, separate from those used to 
prepare the calibration standards, to avoid analytical bias 
and ensure an unbiased evaluation of method performance.

Biological samples

Blank plasma samples were obtained from a certified blood 
bank, the Portuguese Institute of Blood and Transplantation 
(Lisbon, Portugal). Oral fluid samples were collected from 
laboratory staff who were verified to be free from medica-
tions that could interfere with the analysis. Oral fluid sam-
ples were collected by the spitting method directly into an 
empty polypropylene tube, without the use of commercial 
collection devices or stabilising buffers. Authentic speci-
mens were obtained from patients at centres Hospital de 
Ourense, and Primary Health Care C.S. Callosa d’En Sarriá 
through collaborative programmes with pain management 
departments in hospitals across Spain. The study was con-
ducted in accordance with the Declaration of Helsinki. All 
participants voluntarily agreed to take part in the study after 
reading and signing an informed consent form. This research 
is part of the ethically approved project “Opioid Monitoring 
and Assessment of CYP2D6, OPRM1, and COMT Pheno-
types in Pain Management: Towards a Personalized Ther-
apy”, which received approval from the Ethics Committees 
of ULSCB, EPE and ISABIAL.

To ensure sample integrity and stability, the specimens 
were stored at -20 ºC until analysis.

UPLC–MS/MS analysis

The UPLC–MS/MS equipment used was a Waters Acquity 
UPLC separation module (Waters, Milford, MA, USA), 
which had an integrated column oven. The Waters Acquity 
UPLC® HSS T3 column (100 × 2.1 mm, 1.8 μm) was main-
tained at 45 °C. A solvent gradient was used to produce chro-
matographic separation. Mobile Phase A contained LC–MS 

grade water, 2 mM ammonium formate, and 0.1% formic 
acid, while Mobile Phase B contained LC–MS grade metha-
nol, 2 mM ammonium formate, and 0.1% formic acid. The 
flow rate was set to 0.4 mL/min. The chromatographic con-
ditions for the analytes studied are summarised in Table 1.

For the first 30 s, the gradient were 90% A and 10% B. 
Over the next 8 min, it increased linearly to 95% B, which 
was maintained for three more minutes. The gradient was 
brought back to its starting settings at 11 min and maintained 
there for an additional 3 min, for a total runtime of 14 min.

The UPLC system was connected to a Waters TQ Detec-
tor (triple quadrupole mass spectrometer) fitted with an 
electrospray ionisation (ESI) probe. The system functioned 
in positive ionisation mode (ESI +), and data was obtained 
via multiple reaction monitoring (MRM). The following 
source settings were optimised: capillary voltage of 0.5 kV, 
extractor voltage of 2.0 V, RF lens of 0.0 V, source block 
temperature of 120 °C, desolvation gas (nitrogen) heated to 
450 °C and delivered at 600 L/h, no cone gas and collision 
gas (argon) flow rate of 0.14 mL/min.

The LC–MS/MS settings were initially derived from 
previously optimised conditions validated for other ana-
lytes in whole blood. These parameters were subsequently 
adjusted and revalidated to enable the reliable detection of 
the selected opioids in plasma and oral fluid, ensuring meth-
odological consistency across both matrices. This approach 
also guarantees compatibility and practicality within stand-
ard forensic laboratory workflows, facilitating routine 
implementation.

MassLynx™ V4.1 SCN 919 software was used for data 
collecting and system control, while TargetLynx V4.1 SCN 
919 handled data processing (Waters).

The 286 → 165 transition was chosen as the quantifier 
ion for morphine due to its superior signal intensity and 
enhanced signal-to-noise ratio relative to other potential 
fragments. The internal standard, morphine-d3, was moni-
tored through the 289 → 201 transition. Despite the use of 
distinct product ions for the analyte and its internal stand-
ard, no matrix interferences were detected in blank plasma 
or oral fluid samples. Consequently, the internal standard 

Table 1   Chromatographic 
conditions of the analytes in the 
study

Quantification transitions are indicated in bold

Analyte Transitions Cone energy Collision energy Rt (min)

Buprenorphine 468 → 396/414 55 40 5.50
Fentanyl 337 → 105/188 40 40/22 4.95
Oxycodone 316 → 298/241 45 20/24 2.53
Morphine 286 → 165/201 45 36/24 1.33
Tramadol 264 → 58/ 264.2 23 14/5 3.95
Tapentadol 222 → 107/121 40 22 4.12
Morphine-d3 289 → 201 45 24 1.31
Methadone-d3 313 → 268 27 16 6.06
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correction remained valid, supporting accurate and repro-
ducible quantification.

Sample preparation

Frozen plasma samples were thawed at room temperature, as 
were oral fluid samples. After thawing at room temperature, 
the oral fluid samples were centrifuged for 5 min at 3674 × g 
before analysis.

A 0.1 mL aliquot of each sample was diluted with 0.1 mL 
of a MeOH: H2O solution (1:1, v/v), followed by the addi-
tion of 25 µL of an internal standard (IS) working solution 
at 500 ng/mL. Subsequently, 900 µL of ice-cold acetonitrile 
was added while vortexing. The samples were then agitated 
on a plate shaker for 10 min at 2833 × g and centrifuged at 
5 °C for 10 min at 20,962 × g.

The resulting supernatant was collected in full and com-
pletely evaporated to dryness under a gentle stream of nitro-
gen. The dried extracts were reconstituted with 50 µL of the 
initial mobile phase conditions, and a 2 µL aliquot of the 
reconstituted solution was injected into the UPLC-MS/MS 
system for analysis.

The protein precipitation (PP) procedure applied in this 
study was developed, optimised, and validated in-house at 
the National Institute of Legal Medicine and Forensic Sci-
ences (INMLCF), where it is routinely used within accred-
ited forensic toxicology workflows for analysing various 
psychoactive substances in whole blood (unpublished data). 
Its simplicity and effectiveness made it a suitable candidate 
for revalidation using plasma and oral fluid samples specifi-
cally for the target opioids. This approach ensured analytical 
reliability while maintaining consistency with established 
forensic laboratory routines.

Method validation

All validation procedures described below were conducted 
independently in both plasma and oral fluid matrices, using 
spiked blank samples prepared according to U.S. Food and 
Drug Administration (FDA) bioanalytical method valida-
tion guidelines [19]. The parameters evaluated included 
selectivity; linearity and limits (limit of detection and lower 
limit of quantification); intra-day, inter-day, and intermediate 
precision and accuracy; matrix effect; extraction efficiency; 
stability; carryover; and dilution integrity.

The selectivity of the method was evaluated to assess 
its ability to detect the target analytes in the presence of 
potential interferences from biological sample compo-
nents. Drugs and endogenous substances that produce 
ions of similar high molecular weight could interfere with 
the detection if their retention times are comparable or if 
inappropriate ions are selected for monitoring. To ensure 
method selectivity, ten distinct blank plasma samples 

from a blood bank and oral fluid samples from laboratory 
staff members who had not consumed opioids were ana-
lysed. Additionally, two transitions for each analyte were 
carefully selected to avoid matrix or endogenous inter-
ferences, which were not observed in the blank samples. 
Spiked samples (plasma and oral fluid) were prepared and 
analysed using the protein precipitation (PP) extraction 
method. The linearity of the method was assessed using 
spiked samples (n = 5) within the concentration range of 
0.1–300 ng/mL. Calibration curves were constructed by 
plotting the peak area ratio of each analyte to the inter-
nal standard (IS) against the analyte concentration. The 
acceptance criteria required a determination coefficient 
(R2) of at least 0.99, accuracy within ± 15% (excluding 
the LLOQ), and coefficients of variation (CVs) equal to 
or less than 15% (excluding the LLOQ).

The lower limit of quantification (LLOQ) was defined as 
the lowest concentration that could be measured with accept-
able accuracy and precision, with a mean relative error (RE 
(bias)) within ± 20% of the nominal concentration and a 
CV less than 20%. The limit of detection (LOD) was deter-
mined by analysing five replicates of spiked samples and was 
defined as the lowest concentration that produced a distinct 
peak, clearly discernible from the blank, with a signal-to-
noise ratio of at least 3.

Five replicates of blank plasma and oral fluid samples 
spiked with the target analytes at a minimum of four dif-
ferent concentration levels were examined on the same 
day to assess intra-day precision and accuracy. Within 5 
days, inter-day precision and accuracy were assessed at a 
minimum of six concentrations. Intermediate precision and 
accuracy were assessed using four QC levels (2.3, 18.8, 75 
and 300 ng/mL), analysed over five consecutive days (n = 3 
each). Different QC levels were used for different valida-
tion parameters to comply with FDA recommendations and 
to ensure full coverage of the analytical range. Intra- and 
inter-day precision and accuracy were evaluated at multiple 
concentrations spanning the calibration interval, whereas 
intermediate precision followed a fixed set of QC levels 
analysed over several days to assess long-term variability. 
For the analysis of extraction efficiency, two sets of samples 
(n = 3) were prepared at three concentration levels (2.3, 75, 
and 300 ng/mL). The first set consisted of pre-extraction 
spiked samples, while the second set contained post-extrac-
tion spiked samples (representing 100% efficiency). Extrac-
tion efficiency was determined by calculating the ratio of the 
peak areas from set 1 to those of set 2.

For the matrix effect assessment, two sets of samples 
(n = 3) were prepared at the same concentrations used for 
the extraction efficiency analysis. Set 1 contained pure stand-
ard solutions and set 2 consisted of post-extraction spiked 
samples. The matrix effect was calculated as the ratio of the 
peak areas from set 2 to set 1.



Opioid detection and quantification in plasma and oral fluid by LC–MS/MS﻿	

The stability of the target analytes under various condi-
tions was evaluated using three concentration levels corre-
sponding to the QC concentrations (2.3, 75, and 300 ng/mL) 
(n = 3). Stability studies included processed sample stability 
and freeze/thaw stability. To assess processed sample stabil-
ity, previously analysed extracts were reanalysed after being 
stored for 24 h at room temperature in the autosampler. Their 
concentrations were measured against the original calibra-
tion curve.

Freeze/thaw stability was evaluated by spiking plasma 
and oral fluid samples and storing them at − 20 ºC for 24 h. 
The frozen samples were then thawed at room temperature 
without assistance and refrozen for another 24 h under the 
same conditions. After three freeze/thaw cycles, the samples 
were extracted, analysed, and compared to freshly prepared 
and tested samples. The analytes were considered stable if 
the CV between the two sets of samples was below 15%.

Carryover was assessed following the extraction of a 
sample spiked at the upper limit of quantitation (ULOQ), 
300 ng/mL, which represents the highest analyte concen-
tration that can be quantified with acceptable accuracy and 
precision. Immediately after this injection, the initial mobile 
phase composition was injected under the same chromato-
graphic conditions. Carryover was considered absent when 
no peaks were observed at the retention times and selected 
ions corresponding to the target analytes. This approach 
complies with FDA recommendations, which state that car-
ryover should not exceed 20% of the LLOQ.

The dilution test was conducted by preparing high-con-
centration samples in matrix and diluting them to make 
analyte concentrations fall within the calibration range. A 
stock solution of 2000 ng/mL was diluted tenfold to obtain a 
final concentration of 200 ng/mL, while a secondary solution 

of 500 ng/mL was diluted fivefold and twofold to achieve 
final concentrations of 100 ng/mL and 250 ng/mL, respec-
tively. All dilutions were performed using Milli-Q water. 
Each diluted sample was analysed in quintuplicate, and the 
CV% and RE% were calculated to evaluate method perfor-
mance. The method was valid if CV% and RE% remained 
within ± 15% of the expected values.

Results and discussion

Selectivity

Selectivity was confirmed, as no endogenous or matrix-
related interferences were observed at the retention times or 
MRM transitions of the target analytes in any of the blank 
plasma or oral fluid samples.

Linearity and calibration model

The procedure demonstrated linearity for fentanyl in the 
range of 0.1 to 300 ng/mL; for buprenorphine, oxycodone, 
morphine, and tapentadol from 0.6 to 300 ng/mL; and for 
tramadol from 1.2 to 300 ng/mL. To account for heterosce-
dasticity, weighted least squares regressions were applied. 
Six weighting factors (1/√x, 1/x, 1/x2, 1/√y, 1/y, 1/y2) 
were tested, and the factor yielding the best fit was selected. 
The optimal weighting factor was chosen based on the low-
est sum of errors and a mean R2 of at least 0.99 (Table 2). 
The selected weighted least squares regression confirmed 
linearity, with the RE between measured and spiked con-
centrations remaining within a ± 15% range across all 

Table 2   Linearity data (n = 5) of plasma and oral fluid (1/x weighting was used for all analytes)

ªMean ± standard deviation

Analyte Linear range 
(ng/mL)

Linearity R2ª LOD (ng/mL) LLOQ 
(ng/
mL)Slopeª Interceptª

Plasma Buprenorphine 0.6–300 0.00025 ± 0.00002 0.00108 ± 0.00110 0.99567 ± 0.0307 0.6 0.6
Oxycodone 0.6–300 0.00284 ± 0.00040 0.00869 ± 0.00617 0.99813 ± 0.00051 0.3 0.6
Fentanyl 0.1–300 0.01230 ± 0.00094 0.03857 ± 0.03356 0.99746 ± 0.00157 0.1 0.1
Morphine 0.6–300 0.00701 ± 0.00070 0.03614 ± 0.05845 0.99886 ± 0.00063 0.6 0.6
Tapentadol 0.6–300 0.01247 ± 0.00138 0.04584 ± 0.02438 0.99618 ± 0.00119 0.3 0.6
Tramadol 1.2–300 0.00970 ± 0.00097 0.04261 ± 0.01622 0.99660 ± 0.00175 0.6 1.2

Oral fluid Buprenorphine 0.6–300 0.00023 ± 0.00001 −0.00001 ± 0.00005 0.99616 ± 0.00191 0.6 0.6
Oxycodone 0.6–300 0.00254 ± 0.00014 0.00014 ± 0.00014 0.99589 ± 0.00215 0.3 0.6
Fentanyl 0.1–300 0.01169 ± 0.00062 0.00171 ± 0.00194 0.99757 ± 0.00166 0.1 0.1
Morphine 0.6–300 0.00728 ± 0.00043 0.00130 ± 0.00171 0.99864 ± 0.00076 0.6 0.6
Tapentadol 0.6–300 0.01035 ± 0.00117 0.00152 ± 0.00307 0.99835 ± 0.00065 0.3 0.6
Tramadol 1.2–300 0.00964 ± 0.00089 0.00029 ± 0.00379 0.99768 ± 0.00230 0.6 1.2
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concentrations. Precision was also satisfactory, with CVs 
typically below 15%.

Limits of detection and quantification

According to existing guidelines, the detection of opioids 
in biological matrices requires highly sensitive and specific 
analytical techniques. The Substance Abuse and Mental 
Health Services Administration (SAMHSA) [20] and the 
European Workplace Drug Testing Society (EWDTS) [21] 
provide recommended cut-off concentrations for opioid 
detection. SAMHSA guidelines set the screening cut-off for 
fentanyl in oral fluid at 1 ng/mL, with a confirmation cut-
off of 0.5 ng/mL. Morphine and oxycodone have screening 
cut-offs of 30 ng/mL and confirmation cut-offs of 15 ng/mL 
[20]. EWDTS sets the confirmation cut-offs at 15 ng/mL for 
morphine and oxycodone, 20 ng/mL for tramadol, and 1 ng/
mL for buprenorphine [21].

The method developed in this study achieved mark-
edly low LLOQ, 0.1 ng/mL for fentanyl, 0.6 ng/mL for 
buprenorphine, tapentadol, morphine and oxycodone, and 
1.2 ng/mL for tramadol, across both plasma and oral fluid 
(Fig. 1). These values are well below the cut-offs established 
by SAMHSA and EWDTS, demonstrating that the method 
provides sufficient sensitivity for confirmatory analysis of 
opioids in oral fluid. The detection limits (LOD) were gener-
ally the same as the LLOQ, except for tramadol, oxycodone, 
and tapentadol, where they were 0.6 ng/mL and 0.3 ng/mL, 
respectively.

When compared with previously published LC–MS/MS 
methods using more complex extraction techniques, such as 
liquid–liquid extraction (LLE), solid-phase extraction (SPE), 
microextraction by packed sorbent (MEPS), and thin-film 
microextraction (TFME), the present method consistently 
demonstrates improved or comparable sensitivity. In oral 
fluid, LLE methods have reported LLOQs of 1 ng/mL for 
fentanyl and 10 ng/mL for morphine and tramadol [22], 
while MEPS yielded a morphine LOQ of 5 ng/mL [23]. SPE 
methods have also reported LOQs of 10 ng/mL for morphine 
[24] and 1.5 ng/mL for oxymorphone and morphine [25]. 
In contrast, the current method achieved substantially lower 
LLOQs of 0.6 ng/mL for morphine, 1.2 ng/mL for tramadol 
and 0.1 ng/mL for fentanyl. Similarly, for buprenorphine, 
previously reported LLOQs range from 1 ng/mL using LLE 
[22] to 0.5 ng/mL with MEPS [26].

A similar trend is observed in plasma. Although the most 
sensitive published LC–MS/MS method quantified fentanyl 
at 0.030 ng/mL [27]. Typical SPE and PP workflows report 
higher LLOQs, such as 0.2–1 ng/mL for fentanyl [28, 29], 
1.7 ng/mL for buprenorphine [30], and 1–5.3 ng/mL for oxy-
codone [30, 31]. Tramadol LLOQs in plasma typically range 
from 1 to 10 ng/mL using SPE or PP [28, 32]. For morphine, 
SPE-based methods have reported LLOQs between 0.25 [33] 

and 4.7 ng/mL [13]. The present method outperforms most 
of these, achieving LLOQs of 0.6 ng/mL for buprenorphine, 
morphine and oxycodone, 1.2 ng/mL for tramadol, and 0.1 ng/
mL for fentanyl.

To ensure a balanced assessment, the performance of the 
present method was also compared with LC–MS/MS methods 
using protein precipitation (PP), which represents the most 
directly comparable extraction strategy. For plasma, recent PP 
studies have reported LOQs of 1 ng/mL for morphine [34], 
while other PP methods achieved LOQs of 0.2 ng/mL for oxy-
codone and fentanyl and 10 ng/mL for tramadol [28]. Older, 
highly targeted mono-analyte PP methods reported LOQs of 
0.05–0.1 ng/mL for buprenorphine [35, 36], and 0.025 ng/
mL for oxycodone [37]. Compared with these values, the pre-
sent method demonstrates substantially higher sensitivity for 
morphine, tramadol and oxycodone (8–16-fold improvement 
relative to the more recent PP workflows) and improved or 
comparable sensitivity for fentanyl and buprenorphine.

For oral fluid, PP-based LC–MS/MS methods are 
extremely limited. The only study identified, reported LOQs 
of 1 ng/mL for morphine and 0.5 ng/mL for buprenorphine 
[38]. The present method achieved LOQs of 0.6 ng/mL 
for both analytes, indicating improved sensitivity for mor-
phine and comparable performance for buprenorphine. No 
PP workflows have been reported for oxycodone, fentanyl, 
tramadol or tapentadol in oral fluid, making this study the 
first approach to quantify a six-opioid panel in this matrix 
using a PP approach.

Overall, the findings demonstrate that the developed 
method provides superior sensitivity relative to most pub-
lished analytical workflows, including those employing more 
laborious extraction techniques such as SPE, LLE or MEPS. 
Its combination of low sample volume, minimal sample 
preparation (PP), short processing time, and low LLOQs 
across six opioids positions this workflow as a robust option 
for clinical toxicology, therapeutic monitoring, and forensic 
screening where trace-level detection is required.

Overall, the method offers high sensitivity, robustness 
and broad applicability, supporting its suitability for clini-
cal toxicology and therapeutic monitoring. Although valida-
tion was performed using clinical specimens, the analytical 
performance obtained is fully compatible with the sensi-
tivity requirements typically applied in forensic toxicology, 
where the concentrations in drug-related deaths are usually 
higher. The method, therefore, has potential applicability in 
both clinical and forensic settings, provided that laboratory-
specific validation procedures are followed.

Intra‑day, inter‑day, and intermediate precision 
and accuracy

The method showed consistent precision and accuracy 
across all validation levels in both matrices. In plasma 
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Fig. 1   LLOQ of the opioids in plasma (A) and oral fluid (B)
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Table 3   Inter-day, intra-day, 
and intermediate precision and 
accuracy of plasma samples

Analyte Concentration
(ng/mL)

Plasma

Intra-day (n = 5) Inter-day (n = 5) Intermediate 
(n = 15)

CV (%) RE (%) CV (%) RE (%) CV (%) RE (%)

Buprenorphine 0.6
1.2
2.3
4.7
9.4
18.8
37.5
75
150
300

7.16
-
11.17
-
-
7.33
-
6.23
-
4.03

-6.29
-
3.98
-
-
-8.43
-
5.53
-
7.91

14.00
-
9.08
-
10.33
12.66
-
7.09
8.57
5.00

4.43
-
1.21
-
0.00
1.59
-
0.37
0.00
0.21

-
-
3.85
-
-
8.16
-
7.90
-
9.23

-
-
-0.12
-
-
-0.36
-
1.56
-
3.12

Fentanyl 0.1
0.3
0.6
1.2
2.3
4.7
9.4
18.8
37.5
75
150
300

7.60
-
-
-
5.38
-
-
4.00
-
2.00
-
2.38

3.65
-
-
-
12.97
-
-
-6.73
-
3.40
-
0.46

13.27
-
6.36
-
5.53
-
6.92
8.53
-
5.86
5.97
2.55

1.18
-
1.48
-
6.18
-
2.08
-4.29
-
-2.04
-0.57
1.41

3.47
-
-
-
6.84
-
-
8.53
-
6.11
-
4.40

1.03
-
-
-
2.68
-
-
-2.68
-
0.83
-
2.59

Morphine 0.6
1.2
2.3
4.7
9.4
18.8
37.5
75
150
300

1.00
-
9.66
-
-
6.56
-
7.51
-
8.49

5.26
-
-5.32
-
-
-10.82
-
3.16
-
2.80

13.30
-
11.62
-
7.71
7.47
-
4.01
2.77
1.22

4.20
-
-9.04
-
-1.83
-4.63
-
-1.74
-0.41
0.94

-
-
3.91
-
-
9.02
-
2.83
-
4.63

-
-
-3.34
-
-
-4.13
-
0.20
-
2.77

Oxycodone 0.6
1.2
2.3
4.7
9.4
18.8
37.5
75
150
300

8.64
-
7.85
-
-
4.63
-
2.69
-
3.65

1.63
-
5.71
-
-
-11.32
-
6.78
-
1.64

13.47
-
8.38
7.81
5.64
9.70
-
5.63
5.04
2.70

-0.98
-
1.07
-0.94
-2.69
-0.67
-
-1.18
1.40
-0.39

-
-
5.58
-
-
11.14
-
7.53
-
5.10

-
-
2.27
-
-
-3.00
-
1.12
-
1.83

Tapentadol 0.6
1.2
2.3
4.7
9.4
18.8
37.5
75
150
300

3.01
-
2.70
-
-
5.29
-
4.86
-
3.05

-6.77
-
1.14
-
-
-7.36
-
8.08
-
-4.67

10.42
-
9.37
-
4.67
5.89
-
11.27
4.99
4.27

3.22
-
2.73
-
-6.73
-4.88
-
0.28
-0.38
1.03

-
-
3.78
-
-
5.60
-
8.05
-
6.59

-
-
2.04
-
-
-5.06
-
1.40
-
0.50
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(Table  3), intra-day CV values ranged from 1.00 to 
11.17%, with RE values within ± 13%. Inter-day preci-
sion remained robust, with CVs between 1.22 and 14.00% 
and RE within ± 10%. Intermediate precision over 5 
days showed CVs between 1.66 and 11.14%, with RE 
within ± 6%.

Similar performance was observed in oral f luid 
(Table 4). Intra-day CV values ranged from 0.40 to 6.36%, 
with RE within ± 15%. Inter-day CVs varied between 1.22 
and 13.70% and RE between –9.04 and 6.18%. Intermedi-
ate precision yielded CVs from 3.51 to 11.11% and RE 
between –4.80 and 6.48%.

Overall, the aligned results across intra-day, inter-day, and 
intermediate assessments confirm that the method is precise 
and accurate in both plasma and oral fluid. This performance 
supports its suitability for routine quantitative analysis, ther-
apeutic monitoring, and pharmacokinetic applications.

Matrix effect and extraction efficiency

The extraction efficiency and matrix effect of the target 
analytes were assessed in pooled blank samples of plasma 
and oral fluid (10 different origins each) at three concentra-
tion levels (2.3 ng/mL, 75 ng/mL, and 300 ng/mL), with the 
results presented in Tables 5 and 6, respectively. In plasma 
(Table 5), most analytes exhibited recoveries exceeding 90%, 
with the exception of morphine, which ranged from 55.46 to 
86.37%, suggesting potential analyte loss during extraction.

In oral fluid (Table 6), recoveries were generally higher, 
with most analytes exceeding 100%, except for morphine at 
the lowest concentration (81.37%). Variations in recovery 
may be attributed to differences in physicochemical proper-
ties, including polarity and protein binding affinity, which 
influence extraction efficiency. Notably, tramadol, tapent-
adol, and buprenorphine demonstrated consistent recoveries 
near or above 100% in both matrices, indicating efficient and 
reproducible extraction.

Matrix effects were evaluated to assess potential ion sup-
pression or enhancement due to endogenous sample com-
ponents, with results summarised in Table 5 (plasma) and 
Table 6 (oral fluid). In plasma, oxycodone, morphine, and 
tapentadol exhibited ion suppression, with matrix effect 
values ranging from 72.41 to 90.50%, whereas buprenor-
phine showed slight ion enhancement, reaching 113.73% 
at 75 ng/mL. In oral fluid, matrix effects were more pro-
nounced for certain analytes, particularly morphine and oxy-
codone, which exhibited variability across concentrations 
(83.73–110.59%). Despite these fluctuations, matrix effects 
remained within acceptable limits, with CV% values below 
15%, indicating method robustness. Differences in matrix 
effects between plasma and oral fluid are expected due to 
variations in biological composition, which may influence 
ion suppression or enhancement during analysis.

These findings confirm that the analytical method ensures 
reliable extraction efficiency and minimal matrix effects, 
supporting accurate quantification of the target analytes in 
both plasma and oral fluid. The observed variability in mor-
phine and oxycodone highlights the necessity of thorough 
method validation to account for potential matrix-induced 
ion suppression or enhancement, ensuring the accuracy and 
precision of the assay.

Stability

The stability of the target analytes was studied under spe-
cific conditions and time intervals that mimic those typically 
used for the collection and storage of biological samples. 
In this study, both freeze/thaw stability and stability in pro-
cessed samples were evaluated to assess the behaviour of the 
analytes. The evaluation of processed sample stability was 
conducted at the same concentrations as the quality control 
(QC) samples (n = 3), where previously analysed samples 
were reanalysed after being stored in the autosampler for 
24 h. The analyte concentrations were determined based on 
the original calibration curve, yielding CVs ranging from 

Table 3   (continued) Analyte Concentration
(ng/mL)

Plasma

Intra-day (n = 5) Inter-day (n = 5) Intermediate 
(n = 15)

CV (%) RE (%) CV (%) RE (%) CV (%) RE (%)

Tramadol 1.2
2.3
4.7
9.4
18.8
37.5
75
150
300

10.30
9.79
-
-
6.02
-
1.53
-
4.17

-4.16
-4.86
-
-
-7.70
-
4.07
-
1.70

5.85
-
-
8.42
9.49
-
7.65
4.52
3.77

5.28
-
-
-1.42
-2.32
-
-0.56
4.28
-1.52

-
2.88
-
-
8.15
-
7.46
-
1.66

-
-1.42
-
-
-4.91
-
-1.21
-
0.73
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Table 4   Inter-day, intra-day, 
and intermediate precision and 
accuracy of oral fluid samples

Analyte Concentration
(ng/mL)

Oral Fluid

Intra-day (n = 5) Inter-day (n = 5) Intermediate 
(n = 15)

CV (%) RE (%) CV (%) RE (%) CV (%) RE (%)

Buprenorphine 0.6
1.2
2.3
4.7
9.4
18.8
37.5
75
150
300

2.68
-
2.91
-
-
0.98
-
1.83
-
3.68

10.99
-
-5.60
-
-
4.83
-
10.25
-
-9.34

13.52
-
7.48
-
7.32
11.35
-
9.72
2.88
3.10

1.55
-
3.10
-
-3.21
-3.43
-
2.45
3.34
-1.81

-
-
11.10
-
-
10.55
-
10.95
-
7.71

-
-
0.99
-
-
-2.07
-
5.80
-
-4.61

Fentanyl 0.1
0.3
0.6
1.2
2.3
4.7
9.4
18.8
37.5
75
150
300

2.59
-
-
-
1.35
-
-
1.97
-
3.49
-
3.37

13.06
-
-
-
-9.67
-
-
7.12
-
9.95
-
-7.57

13.70
-
4.88
-
6.70
-
6.65
7.18
-
7.77
5.40
2.93

1.50
-
-1.47
-
2.77
-
-1.05
1.91
-
0.30
2.47
-1.61

10.64
-
-
-
7.55
-
-
6.11
-
8.24
-
9.09

2.69
-
-
-
4.32
-
-
4.04
-
4.83
-
-3.13

Morphine 0.6
1.2
2.3
4.7
9.4
18.8
37.5
75
150
300

6.36
-
3.35
-
-
4.32
-
0.76
-
3.79

14.62
-
-9.15
-
-
4.73
-
9.64
-
-7.61

8.21
-
7.41
-
9.31
6.65
-
7.53
2.33
1.71

-8.18
-
6.49
-
0.34
-1.12
-
0.66
0.12
0.38

-
-
9.89
-
-
5.49
-
9.41
-
4.40

-
-
2.72
-
-
0.08
-
2.46
-
-1.11

Oxycodone 0.6
1.2
2.3
4.7
9.4
18.8
37.5
75
150
300

1.69
-
0.73
-
-
0.40
-
1.58
-
2.58

0.87
-
-8.75
-
-
7.31
-
10.69
-
-9.50

13.19
-
7.81
-
4.67
10.60
-
6.90
5.30
4.82

-3.27
-
3.91
-
-2.49
1.02
-
-0.19
2.87
-1.03

-
-
8.78
-
-
9.36
-
8.93
-
3.51

-
-
4.65
-
-
-0.22
-
3.51
-
-4.80

Tapentadol 0.6
1.2
2.3
4.7
9.4
18.8
37.5
75
150
300

0.94
-
2.19
-
-
1.31
-
1.74
-
3.01

13.22
-
-8.05
-
-
1.59
-
6.00
-
-12.97

14.26
-
8.57
-
9.24
6.62
-
6.85
2.13
2.67

-3.60
-
1.92
-
-0.46
2.12
-
1.24
0.78
-0.78

-
-
7.71
-
-
5.99
-
8.75
-
10.09

-
-
6.48
-
-
2.79
-
5.24
-
-0.51
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0.30 to 14.25%, with REs falling within a range of 0.68 
to 13.38% (Table 7). For freeze/thaw stability, the stabil-
ity of the analytes was investigated at three concentration 
levels (n = 3). Spiked samples were frozen at -20 °C for 
24 h and then thawed at room temperature without assis-
tance. The samples were then refrozen for 24 h, completing 
one freeze/thaw cycle. A total of three freeze/thaw cycles 
were performed, after which the samples were extracted, 

analysed, and compared with freshly prepared samples. All 
compounds were considered stable after three freeze/thaw 
cycles, as the CVs achieved were below 13.31% and the RE 
remained within a 14.66% interval.

In comparing the results between plasma and oral fluid, some 
differences in the stability of the analytes were observed. For 
processed samples, plasma typically exhibited higher variabil-
ity compared to oral fluid. For example, BUP at 2.3 ng/mL in 

Table 4   (continued) Analyte Concentration
(ng/mL)

Oral Fluid

Intra-day (n = 5) Inter-day (n = 5) Intermediate 
(n = 15)

CV (%) RE (%) CV (%) RE (%) CV (%) RE (%)

Tramadol 1.2
2.3
4.7
9.4
18.8
37.5
75
150
300

2.69
1.44
-
-
4.51
-
2.74
-
1.93

9.06
-2.00
-
-
1.15
-
9.40
-
7.40

12.35
8.74
-
9.69
9.94
-
8.28
5.08
2.09

4.47
4.19
-
-1.80
-2.56
-
-1.82
0.98
0.31

-
8.78
-
-
10.03
-
10.30
-
9.35

-
4.82
-
-
0.02
-
1.97
-
0.68

Table 5   Extraction efficiency and Matrix effect (%) of the target analytes (n = 3) in plasma samples

ª Mean ± standard deviation

Analyte Recovery (%) ª Matrix effect (%) ª

2.3 ng/mL 75 ng/mL 300 ng/mL 2.3 ng/mL 75 ng/mL 300 ng/mL

Buprenorphine 99.25 ± 5.90 97.02 ± 1.54 99.70 ± 0.40 111.87 ± 2.48 113.73 ± 1.69 104.53 ± 3.74
Oxycodone 91.77 ± 2.22 96.28 ± 3.19 107.92 ± 2.80 80.71 ± 2.35 88.45 ± 5.22 84.03 ± 5.74
Fentanyl 112.70 ± 2.00 111.68 ± 1.63 103.17 ± 2.10 98.60 ± 2.19 92.99 ± 5.46 85.53 ± 5.36
Morphine 55.46 ± 2.80 62.16 ± 1.83 86.37 ± 3.14 73.03 ± 1.42 72.41 ± 3.63 74.21 ± 2.81
Tapentadol 105.39 ± 7.13 105.71 ± 1.61 104.59 ± 4.24 88.71 ± 1.12 83.84 ± 6.58 90.50 ± 5.25
Tramadol 106.97 ± 12.09 107.40 ± 9.32 108.19 ± 6.65 106.92 ± 4.58 103.88 ± 2.20 107.72 ± 9.43

Table 6   Extraction efficiency and Matrix effect (%) of the target analytes (n = 3) in oral fluid samples

ª Mean ± standard deviation

Analyte Recovery (%) ª Matrix effect (%) ª

2.3 ng/mL 75 ng/mL 300 ng/mL 2.3 ng/mL 75 ng/mL 300 ng/mL

Buprenorphine 111.31 ± 6.14 117.28 ± 2.32 105.69 ± 4.75 105.72 ± 14.58 96.11 ± 2.89 108.40 ± 7.38
Oxycodone 97.85 ± 4.68 114.66 ± 4.39 109.12 ± 3.79 107.46 ± 6.46 83.43 ± 8.40 96.39 ± 7.25
Fentanyl 102.63 ± 9.92 106.49 ± 7.46 113.87 ± 5.42 110.66 ± 3.80 96.40 ± 5.55 95.27 ± 3.30
Morphine 81.37 ± 2.80 113.18 ± 5.08 99.74 ± 5.74 96.25 ± 1.12 110.59 ± 1.49 83.73 ± 9.65
Tapentadol 107.62 ± 5.59 118.62 ± 0.49 112.03 ± 3.85 104.23 ± 5.69 90.22 ± 11.52 111.98 ± 4.29
Tramadol 110.32 ± 6.81 116.95 ± 2.68 114.43 ± 1.65 113.24 ± 1.92 97.16 ± 10.91 114.83 ± 4.89
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Table 7   Stability evaluation

Analyte Concentration
(ng/mL)

Plasma Oral fluid

Processed samples 
(n = 3)

Freeze/thaw stability 
(n = 3)

Processed samples 
(n = 3)

Freeze/thaw stability 
(n = 3)

CV (%) RE (%) CV (%) RE (%) CV (%) RE (%) CV (%) RE (%)

Buprenorphine 2.3 9.97 -2.06 10.59 4.56 1.95 9.76 13.31 1.43
75 5.48 -8.20 12.35 -3.92 3.44 8.31 6.12 5.50
300 6.91 -0.54 3.62 -10.06 4.53 -3.55 4.41 -3.08

Oxycodone 2.3 8.52 -7.47 5.11 0.70 0.77 12.65 7.55 9.87
75 3.31 7.75 5.44 -1.70 3.03 5.69 0.30 14.66
300 1.23 10.26 2.08 -9.05 14.25 -2.06 3.82 6.45

Fentanyl 2.3 4.92 5.01 1.84 -12.90 2.50 9.93 5.29 -4.14
75 3.61 9.70 3.87 -0.97 6.36 4.61 0.40 4.82
300 1.63 11.75 4.03 -8.58 10.72 -1.95 1.36 -9.24

Morphine 2.3 2.71 10.13 4.93 5.11 3.79 0.78 3.96 -10.41
75 8.57 0.66 2.61 -3.48 4.99 -0.68 4.19 0.80
300 8.45 4.85 7.26 -8.34 5.37 -4.99 0.53 11.86

Tapentadol 2.3 1.90 6.33 10.87 2.70 0.30 10.91 4.50 -0.63
75 1.57 6.15 6.44 -8.65 2.96 5.63 1.10 10.00
300 0.51 12.67 0.60 -11.73 9.22 -2.71 3.21 1.42

Tramadol 2.3 2.32 -3.98 9.09 4.42 3.63 5.29 0.54 -4.01
75 0.35 11.80 10.01 -7.43 7.23 -6.02 5.24 -1.26
300 1.56 13.38 1.91 -14.02 8.67 -6.82 3.98 -4.83

Table 8   Dilution Integrity 
results in plasma and oral fluid

Analyte Concentration
(ng/mL)

Dilution factor Plasma
(n = 5)

Oral fluid
(n = 5)

CV (%) RE (%) CV (%) RE (%)

Buprenorphine 100 1:5 2.81 9.79 4.68 -7.79
200 1:10 2.99 11.22 6.66 -9.55
250 1:2 4.33 -4.49 9.92 -3.22

Oxycodone 100 1:5 6.00 5.11 4.81 -11.87
200 1:10 2.85 12.51 6.04 -9.57
250 1:2 4.53 6.18 6.73 1.63

Fentanyl 100 1:5 8.21 -5.10 3.42 1.98
200 1:10 4.42 10.58 5.69 -6.63
250 1:2 4.44 -11.22 8.43 -2.79

Morphine 100 1:5 7.71 -9.84 9.13 -5.40
200 1:10 8.90 -5.21 5.98 -8.85
250 1:2 7.45 -3.94 2.35 -12.59

Tapentadol 100 1:5 6.37 4.66 6.36 -10.00
200 1:10 4.90 8.98 0.85 -14.74
250 1:2 6.40 -6.79 4.72 -10.94

Tramadol 100 1:5 6.33 -10.72 9.48 2.65
200 1:10 7.50 -6.81 9.11 -9.14
250 1:2 6.89 -8.59 2.21 9.58
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plasma had a CV of 9.97% and an RE of 2.06%, while in oral 
fluid, the CV was 1.95% and the RE was 9.76%. Similarly, OXY 
at 2.3 ng/mL showed a CV of 8.52% in plasma with an RE of 
7.47%, compared to oral fluid, which had a CV of 0.77% and an 
RE of 12.65%. On the contrary, TRA had a CV lower in plasma 
samples than oral fluid samples. The REs for processed samples 
in plasma were generally lower than those in oral fluid.

Regarding freeze/thaw stability, the plasma samples also 
showed higher variability compared to oral fluid for most ana-
lytes. For instance, buprenorphine at 75 ng/mL had a CV of 
12.35% in plasma with an RE of 3.92%, whereas in oral fluid, 
the CV was 6.12% with an RE of 5.50%. Similarly, fentanyl 
at 2.3 ng/mL showed a CV of 1.84% and an RE of 12.90% in 
plasma, compared to oral fluid, which had a CV of 5.29% and 
an RE of 4.14%. In contrast, analytes such as oxycodone at 
2.3 ng/mL displayed a similar stability profile in both plasma 
and oral fluid, with CVs of 5.11% and 7.55%, respectively, and 
REs of 0.70% in plasma and 9.87% in oral fluid.

Overall, oral fluid demonstrated more stable results with 
lower variability in both processed sample stability and 
freeze/thaw stability compared to plasma, suggesting that 
oral fluid may be more reliable for certain analyte measure-
ments under these conditions.

In all evaluation stability tests, all analytes were deemed 
stable in both plasma and oral fluid (Table 7).

Carryover

The potential for carryover was assessed by injecting the initial 
mobile phase composition, following the injection of the ULOQ 
sample using UPLC-MS/MS. No signals were detected at the 
retention time or corresponding selection ions for the target 
analytes in the methanol injections. These results indicate that 
no carryover effect was observed, confirming the absence of 
contamination or interference from previously analysed samples.

Dilution test

The adequacy of sample dilution for highly concentrated 
samples was tested by diluting these samples with a blank 
matrix and then multiplying the obtained concentrations by 
the dilution factor. The results for plasma and oral fluid are 
presented in Table 8, showing the coefficient of variation 
(CV%) and relative error (RE%) for each dilution.

In plasma samples, the CV% values remained relatively 
low across all analytes and dilution factors, indicating good 
precision. For example, buprenorphine and fentanyl exhib-
ited CV% values ranging from 2.81 to 8.21% at 100 ng/mL, 
suggesting minimal variation in the measured concentra-
tions. However, some analytes, such as morphine, demon-
strated higher CV% at certain concentration levels, such as 
7.45% and 8.90% at 250 ng/mL and 200 ng/mL, respectively. 
The RE% in plasma was also well within the typical range 
for analytical methods, with deviations between -11.22 and 
11.22%, further reinforcing the accuracy of the dilutions.

In oral fluid samples, the CV% values were generally 
higher than in plasma, particularly at the 1:2 dilution. For 
example, fentanyl at 250 ng/mL showed a CV% of 8.43%, 
and morphine at 100 ng/mL showed a CV% of 9.13%, indi-
cating slightly more variation in the results. The RE% in oral 
fluid ranged from -14.74 to 9.58%, with some analytes show-
ing relatively large negative deviations, such as tramadol at 
200 ng/mL (RE% =−14.74%) and fentanyl at 250 ng/mL 
(RE% = −11.22%). These results indicate that the method 
effectively handles the potential challenges posed by differ-
ent matrices and dilution factors. The observed deviations 
in some analytes are minor and do not undermine the overall 
performance of the method, which continues to demonstrate 
good accuracy and precision across both plasma and oral 
fluid.

Method applicability

The present method was successfully applied to authentic 
plasma and oral fluid samples obtained from patients under-
going treatment with opioids for chronic pain (paired samples). 
Table 9 presents several examples of the concentrations of tar-
get analytes in these samples. The analysis demonstrated the 
method’s ability to detect and quantify various opioids and 
their metabolites in plasma and oral fluid matrices.

The number of samples to which this method was applied is 
too limited to establish correlations between opioid concentra-
tions in both biological matrices. Nevertheless, the available 
data suggest that there are compounds for which no correlation 
is observed, which may have implications when if oral fluid is 
used as a substitute for plasma in workplace testing contexts, in 
accordance with SAMHSA and EWDTS guidelines [20, 21]. 
Therefore, it will be necessary to apply this methodology to a 

Table 9   Analysis of paired authentic plasma and oral fluid samples

Sample Analyte Concentration (ng/mL)

Plasma Oral fluid

1 Fentanyl 1.29 2.11
Oxycodone 120.86 183.45

2 Morphine 13.44 1.98
3 Tapentadol 38.51 2.55
4 Tramadol 74.61 283.62
5 Oxycodone 20.89 4.08

Tapentadol 360.84 58.84
6 Buprenorphine 2.76 2765.28
7 Tapentadol 32.48 154.26

Tramadol 35.44 141.33
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larger number of samples to reliably assess and establish such 
correlations.

A chromatogram of an authentic sample (sample 4) is 
shown in Fig. 2.

Conclusion

In this study, a sensitive LC–MS/MS method was devel-
oped and validated for the simultaneous quantification of 

Fig. 2   Chromatogram of sample 4 in plasma (A) and oral fluid (B)
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fentanyl, buprenorphine, tapentadol, morphine, oxyco-
done, and tramadol in plasma and oral fluid. The method 
demonstrated good linearity, precision, and accuracy, with 
minimal matrix effects, making it suitable for both forensic 
and clinical applications. It proved effective for monitoring 
opioids in patients undergoing chronic pain management, 
highlighting its potential in therapeutic drug monitoring 
(TDM). Oral fluid, offering a non-invasive alternative to 
plasma, provides insight into recent drug use, especially 
for ongoing opioid consumption.

The method successfully handled both low and high con-
centrations, including those beyond the upper limit of quanti-
fication, reinforcing its robustness. Its ability to analyse both 
plasma and oral fluid increases versatility, particularly for 
rapid and convenient drug testing. This study is the first to 
report the simultaneous detection of all six opioids, including 
tapentadol, in both matrices, filling a gap in opioid detec-
tion research. The findings support the method’s potential for 
improving opioid monitoring, addressing challenges in foren-
sic toxicology, pain management, and substance use tracking, 
with opportunities for broader application in routine toxico-
logical screening and TDM.

Importantly, to the best of our knowledge, no previous 
LC–MS/MS method has validated this complete panel of 
six opioids across both plasma and oral fluid using a simple 
protein precipitation workflow within an accredited forensic 
toxicology setting. The present work therefore provides a 
robust and routine-applicable analytical platform, comple-
mented by preliminary observations on oral fluid–plasma 
behaviour of the studied compounds.
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