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Objective: We developed and validated a sensitive and reliable UPLC-MS/MS method for
simultaneous determination of dezocine (DEZ), midazolam (MDZ) and its metabolite 1-
hydroxymidazolam (1-OH-MDZ) in beagle plasma and investigated the effect of dexmede-
tomidine (DEX) on the pharmacokinetics of DEZ, MDZ and 1-OH-MDZ in beagles.
Materials and Methods: Diazepam was used as the internal standard (IS); the three
analytes and IS were extracted by acetonitrile precipitation and separated on an Acquity
UPLC BEH C18 column using acetonitrile-0.1% formic acid as mobile phase in gradient
mode. In positive ion mode, the three analytes and IS were monitored by multiple reaction
monitoring (MRM). Six beagles were designed as a double cycle self-control experiment
with 0.15 mg/kg in the first cycle (Group A). After a 1-week washout period, the same six
beagles were slowly injected intravenously with 2 pg/kg DEX in the second cycle (Group B),
with continuous injection for 7 days. On the seventh day, 0.5 hr after intravenous injection of
2 ng/kg DEX, the six beagles were intramuscularly given with DEZ 0.33 mg/kg and MDZ
0.15 mg/kg.

Results: Under the conditions of this experiment, this method exhibited a good linearity for
each analyte. The accuracy and precision were all within the acceptable limits in the
bioanalytical method, and the results of recovery, matrix effect and stability have also met
the requirements.

Conclusion: The developed UPLC-MS/MS method for simultaneous determination of DEZ,
MDZ and 1-OH-MDZ in beagles plasma was accurate, reproducible, specific, and suitable.
DEX could inhibit the metabolism of DEZ and MDZ and increase the exposure of DEZ and
MD?Z in beagles. Therefore, the change of therapeutic effect and the occurrence of adverse
reactions caused by drug—drug interaction should be paid attention to when the drugs were
used in combination.

Keywords: dexmedetomidine, dezocine, midazolam, 1-hydroxymidazolam, pharmacokinetics,

drug—drug interactions

Introduction

Drug—drug interactions (DDIs) often occur, especially for patients with multiple
underlying diseases who use various kinds of drugs. In clinical practice, polyphar-
macy is a common problem and results in the increased risks of DDIs.' Ultimately,
taking multiple medications simultaneously increases an individual’s risk for unde-
sirable DDIs that lead to serious and debilitating adverse drug reactions (ADRs).” A
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primary reason of DDIs is the change of the cytochrome
P450 (CYP450) isozyme activity by inducing or inhibit-
ing. In pharmacokinetics (PK) interactions, one drug
affects the absorption, distribution, metabolism, or excre-
tion of another concomitant drug. DDIs through PK occur
through drug-metabolizing enzymes and drug transporters
that are found within these cells.’

Dexmedetomidine (DEX) is a highly selective a2-adre-
noceptor agonist with sedative, anxiolytic, sympatholytic and
analgosedative properties.* Dexmedetomidine is mainly
administered by continuous intravenous infusion at clinical
treatment, which needed to be monitored in non- intubated
patients owing to the risk of respiratory depression and in
some case apnea.’ Currently, DEX is licensed in Europe and
the USA for analgosedation in ventilated adult ICU patients
and procedural sedation in non-ventilated adults.® The appli-
cation of DEX in the perioperative period of cesarean section
was not only conducive to the early conversion of infant
feeding to exclusive breastfeeding but could also improve
the recovery quality and comfort of the parturient, optimize
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analgesia, shorten the time to first lactation, and increase
lactation.” After intravenous administration, DEX quickly
distributes beyond total body water. DEX is metabolised by
glucuronidation and CYP2A6 hydroxylation and subse-
quently excreted in urine almost exclusively as metabolite.*”
Dezocine (DEZ, Figure 1A) is a marketed opioid
analgesic of the benzomorphan group. It acts as a modu-
lator of u-, 3-, and k-opioid receptors.'” DEZ is a mixed
agonist/antagonist of opioid receptors.'’ It is related to
other benzomorphans such as pentazocine, with a similar
profile of effects that include analgesia and euphoria. DEZ
is absorbed rapidly after intramuscular injection. DEZ can
mitigate pain for postoperative patients, prevent propofol
injection pain and mitigate its severity, and its efficacy
shows no significant difference from that of lidocaine.'?
Midazolam (MDZ, Figure 1B) is a medication used for
anesthesia, procedural sedation, trouble sleeping, and
severe agitation.'® It belongs to the benzodiazepine class
of drugs and works by increasing the activity of the GABA
neurotransmitter in the brain. Administration of a single
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Figure | The chemical structure and the ion transitions from parent ion to daughter ion of three analytes and IS (A— DEZ, B- MDZ, C- |I-OH MDZ, D- [S).
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dose of 0.1 mg/kg MDZ dose significantly decreases the
incidence of severe emergence agitation at the emergence
after sevoflurane anesthesia, oral MDZ in a single dose of
0.5 mg/kg or greater is associated with successful comple-
tion of minor pediatric procedures.'*!'> MDZ is considered
one of the best CYP3A4 probe drugs, since it is extensively
metabolized by CYP3A4 to its major metabolite 1-hydro-
xymidazolam (1-OH-MDZ, Figure 1C) and rapidly
excreted into urine as its glucuronide conjugate.'®'”

DEX, DEZ and MDZ are all anesthesia-assisted drugs,
which may be used simultaneously in clinical practice,
DEX may enhance the effects of other sedatives and anes-
thetics when co- administered. DEX is a strong inhibitor of
CYP P450 enzyme.'® MDZ is extensively metabolized by
CYP3A4, and DEZ is metabolized by liver, therefore DDIs
in PK of the three drugs will occur. In the current research,
at first, a sensitive UPLC-MS/MS method for simultaneous
determination of DEZ, MDZ, and 1-OH MDZ in beagle
plasma was developed, diazepam was used as an internal
standard (IS, Figure 1D). Then, the effects of DEX on
pharmacokinetics of DEZ, MDZ, and 1-OH MDZ in bea-
gles were studied.

Materials and Methods

Chemicals and Reagents

DEZ (purity > 98.0%), MDZ (purity > 98.0%), 1-OH
MDZ (purity > 98.0%) were purchased from Sigma (St.
Louis, MO, USA). Diazepam (purity > 98.0%, IS) were
obtained from China Academy of pharmaceutical and bio-
logical products.

DEZ Injection (LOT NO: 18,042,731) was purchased
from Yangtze River Pharmaceutical Group Co., Ltd. MDZ
Injection (LOT NO: 20,180,311) was purchased from Nhwa
Pharma Co., Ltd. DEX Hydrochloride Injection (LOT NO:
180222BP) was obtained from Hengrui medicine Co., Ltd.

Instrumentation and Conditions

The equipment used in this study included: Waters
ACQUITY UPLC instrument (Waters Corp., Milford, MA,
USA), XEVO TQD triple quadrupole mass spectrometer
(Waters Corp., Milford, MA, USA), Ultrapure water equip-
ment (Millipore, Bedford, USA), Electronic analytical bal-
ance and vortex instrument, etc.

Three analytes and IS were separated on an Acquity
BEH C18 column (2.1 mm x 50 mm, 1.7 pm) by gradient
elution with the mobile phase of 0.1% formic acid (A) and
acetonitrile (B) at the flow rate of 0.4 mL/min. The

gradient program was as follows: 0.00-0.50 min, 10% B;
0.50-1.00 min, 10-90% B; 1.00-2.00 min, 90% B; 2.00—
2.10 min, 90-10% B; 2.10-3.00 min, 10% B. The column
temperature was set at 45°C and the autosampler was
conditioned at 4°C. The injection volume of 2 pl. was
applied for analysis.

The XEVO TQ-S triple quadrupole mass spectrometer
was used for Mass spectrometric (MS) measurement with
an electrospray ionization (ESI) interface in positive ioni-
zation mode. Under the multiple reaction monitoring
(MRM) conditions, quantification was achieved with tran-
sitions of m/z 246.20 — 147.00 for DEZ, m/z 326.10 —
291.13 for MDZ, m/z 341.96 — 324.00 for 1-OH MDZ,
and m/z 285.00 — 154.00 for IS, respectively. All data
were acquired in centroid mode by Masslynx V4.1 soft-
ware (Waters, Milford, MA, USA). The ion transitions
from parent ion to daughter ion of three analytes and IS
are shown in Figure 1.

Solutions Ready

10 mg of DEZ, MDZ and 1-OH MDZ were accurately
weighed, respectively, in three different 10 mL volumetric
flask, dissolved in methanol and volume to the scale,
respectively. Through gradient dilution of the original
solution, various working solutions of calibration curve
and quality control (QC) in methanol were obtained. The
final concentrations of the calibration curves were covered
by several points as follows: 1, 5, 10, 25, 50, 100, 250 and
500 ng/mL for DEZ and 1-OH MDZ; 0.5, 1, 2.5, 5, 10, 25,
50 and 100 ng/mL for MDZ. QC samples in plasma were
similarly prepared and the concentrations were set 2.5, 50,
and 400 ng/mL for DEZ and 1-OH MDZ; 1, 10, and 80 ng/
mL for MDZ. All solutions were stored in a refrigerator at
4°C and were brought to room temperature before analy-
sis. The internal standard (IS) working solution (100 ng/
mL) was also prepared by diluting the stock solution of IS
with acetonitrile.

Sample Preparation

Beagle plasma samples stored at —20 were thawed at room
temperature. Samples were prepared by protein precipita-
tion. In brief, 10 L IS working solution was added to 50 L
plasma in a 1.5 mL Eppendorf tube, and followed by
vortexing for 15 s. The mixture was precipitated by the
addition of 200 pL acetonitrile and then vortexed for 1.0
min. Finally, the plasma was centrifuged at 15,000xg for
15 min to obtain the supernatant, and 2 pL supernatant
was injected for analysis by the UPLC-MS/MS system.
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Method Validation

The method was validated for specificity, linearity, preci-
sion, accuracy, recovery, and stability. In this experiment,
the UPLC-MS/MS method was validated according to the
United States Food and Drug Administration (FDA)
guidelines.'® The specificity, linearity, lower limit of quan-
titation (LLOQ), matrix effect (ME), recovery, accuracy,
precision, and stability under various conditions have been
verified for this method.

The specificity was assessed by comparing chromato-
grams of blank beagle plasma samples, blank plasma
spiked with DEZ, MDZ, 1-OH MDZ and IS.

The calibration curves were constructed and validated by
analyzing spiked calibration samples for 3 days in a row. The
linearity of the assay was assessed by analyzing the calibra-
tion curves using least-squares linear regression of the peak
area ratios of the analytes to the IS versus the nominal
concentration of the calibration standard with a weighed
factor (1/¢°). The lower limit of quantification (LLOQ) was
selected as the lowest concentration used in the calibration
curve. The carry-over was performed by adding DEZ (500
ng/mL), MDZ (100 ng/mL) or 1-OH MDZ (500 ng/mL) to
three blank plasmas, and then injecting a blank sample. In the
sample, each analyte should be less than 20% of the LLOQ.

The accuracy and precision were assessed by the deter-
mination of QC samples at four concentration levels
(LLOQ, low, medium and high concentration) in six repli-
cates. On the same day, the intra-day precision was calcu-
lated, and the inter-day precision was calculated by
continuous measurement within 3 days. Precision was
defined as the relative standard deviation (RSD, %) and
accuracy as a relative error (RE, %).

The extraction recovery evaluated was calculated by
the ratio of the peak area of QC sample to that of the same
concentration solution prepared by mobile phase, and the
Matrix effects (ME) were calculated by the ratio of the
peak area of QC sample to that of the same concentration
solution prepared by blank plasma.

Stability studies in bio-samples were also conducted at
three QC levels in several different storage conditions:
room temperature for 12 h, —20°C for at least 4 weeks,
after three freeze-thaw cycles (—20°C to 25°C), and pro-
cessed samples at 4°C in an auto-sampler tray for 12 h.

Animals
Six beagles (half male, half female, weighing 6 + 2 kg)
were obtained from Laboratory Animal Center of Henan

University of Science and Technology (Henan, China).
The beagles were adapted to the new environment for 7
days in laboratory conditions. Necessary approval from the
Institutional Animal Ethics Committee was obtained to
carry out the experiments, and the experiment was
approved according to the Laboratory animals — guidelines
for ethical review of welfare (GB/T 35,892-2018).

Study Design

Before the test, the beagles had free access to water but
were fasted for 12 h. Six beagles were designed as a
double cycle self-control experiment. Blood samples (1.0
mL) were collected from the forelimb cephalic vein or the
small saphenous vein of the hind limb and put into hepar-
inized tubes at 0.08, 0.17, 0.33, 0.67, 1, 1.5, 2, 3, 4, 6, 9
and 12 h after intramuscular injection of DEZ 0.33 mg/kg
and MDZ 0.15 mg/kg in the first cycle (Group A). Blood
samples were centrifuged for 10 min at 3000 x g and the
plasma was collected and kept frozen at —20°C until
analysis, and the samples belonged to group A.

After 1-week washout period, the same six beagles
were injected intravenously slowly with 2 ng/kg DEX in
the everyday morning in the second cycle (Group B),
continuous injection for 7 days. On the seventh day,
0.5 hr after intravenous injection of 2 pg/kg DEX, the
six beagles were given by intramuscular injection with
DEZ 0.33 mg/kg and MDZ 0.15 mg/kg. The blood sam-
ples (1.0 mL) were collected from the forelimb cephalic
vein or the small saphenous vein of the hind limb and put
into heparinized tubes at 0.08, 0.17, 0.33, 0.67, 1, 1.5, 2, 3,
4, 6,9 and 12 h after intramuscular injection of DEZ and
MDZ. Plasma was also separated and preserved, and the
samples belonged to group B.

Plasma Sample Detection

The above-developed UPLC-MS/MS method was used to
simultaneously detect DEZ, MDZ and its metabolite 1-OH
MDZ in beagle plasma of group A and group B. Plasma
samples were tested according to analytical batches, and
each analytical batch included standard curve and QC
samples.

Data Analysis

The pharmacokinetic parameters of DEZ, MDZ and 1-OH
MDZ were calculated by the noncompartmental analysis
using the DAS 2.0 software. All data were expressed as
mean + standard deviation (SD).
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Results

Specificity

Under the above experimental conditions, DEZ, MDZ, 1-
OH MDZ and IS were well separated from endogenous
substances. Representative chromatograms of a blank
plasma sample (A), a blank plasma sample spiked with
three analytes and IS (B), and a beagle sample after
administration (C) are shown in Figure 2. DEX and plasma
endogenous substances did not interfere with the detection
of the three analytes and IS. The retention times of DEZ,
MDZ, 1-OH MDZ and IS were 1.16, 1.22, 1.22 and 1.44
min, respectively. The total running time for each sample
was 3.0 min.

Linearity and Carry-Over

Regression equation, correlation coefficients (R) and line-
arity range are shown in Table 1. They all exhibited good
linearity. All standards met the criteria of <15% deviation
from nominal concentration. The LLOQ for DEZ, MDZ
and 1-OH MDZ in beagle plasma with the signal-to-noise
over 10 was 1.00, 0.50 and 1.00 ng/mL, respectively. In
this study, the carry-over did not affect the determination
of DEZ, MDZ and 1-OH MDZ.

Precision and Accuracy

Table 2 shows the results obtained for the intra-day and
inter-day precision and accuracy of DEZ, MDZ and 1-OH
MDZ. The precision (% RSD) for three analytes under
investigation did not exceed 9.63%, the accuracy (% RE)
was in the range from —6.05% to 7.78% at any of the
concentrations studied and met the requirements of
validation.

Recovery and ME

The recovery and ME results were investigated and shown
in Table 3, which were accepted in accordance with the US
FDA guidelines for the method validation to differentiate
and qualify the analytes in a sample. No ME was observed
to influence the determination of each analyte in beagle
plasma.

Stability

All results for the stability samples tested are summarized in
Table 4, and they were within the acceptable criteria of +
15%, indicating that DEZ, MDZ and 1-OH MDZ were stable
under the four conditions described.

Effects of DEX on Pharmacokinetic of
DEZ

The plasma concentration—time curve of DEZ in group A and
group B is shown in Figure 3. DAS 2.0 program was used to
calculate the main pharmacokinetic parameters of DEZ,
including t1/2, Tmax, Cmax, CLz/F, Vz/F, AUC(0—t), AUC
(0-). Meanwhile, Table 5 shows the main pharmacokinetic
parameters of DEZ.

Results show that the Cmax, AUC(0—t) and AUC(0-)
of DEZ in group B were 32.48%, 64.44%, and 65.86%
higher than that in group A, respectively, and the t1/2 was
increased from 0.74 h to 2.27 hrs, The Vz/F increased and
CLz/F was correspondingly decreased. DEX could affect
the pharmacokinetics of DEZ in Beagles. It was suggested
that DEX can inhibit the metabolism of DEZ and increase
the exposure of DEZ in beagles.

Effects of DEX on Pharmacokinetic of
MDZ and |-OH MDZ

The plasma concentration—time curve of MDZ and 1-OH
MDZ in group A and group B were shown in Figures 4
and 5. DAS 2.0 program was used to calculate the main
pharmacokinetic parameters of MDZ and 1-OH MDZ and
the main pharmacokinetic parameters are showed in
Table 5 too.

Results show that the Cmax, AUC(0—t) and AUC(0-)
of MDZ in group B were 43.81%, 75.81% and 65.46%
higher than that in group A, respectively, and the t1/2 was
increased from 1.18 h to 2.64 h. The Vz/F increased and
CLz/F was correspondingly decreased. DEX could affect
the pharmacokinetics of MDZ in Beagles. It was suggested
that DEX could inhibit the metabolism of MDZ and
increase the exposure of MDZ in beagles. At the same
time, the Cmax of 1-OH MDZ in group B was 29.81%
lower than that in group A, but the t1/2 was increased from
1.27 h to 2.34 h. There was no significant change in AUC
between the two groups.

Discussion

In this study, a novel UPLC-MS/MS method for simulta-
neous determination of the concentrations of DEX, DEZ
and MDZ in Beagles plasma was developed. This method
has high sensitivity, rapid detection time (3 min), improve
detection standards and reliability, and met the require-
ments of pharmacokinetic guidelines. Acetonitrile was
used for protein precipitation, which was simpler and
reliable. Methanol, acetonitrile, and ultrapure water were
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Figure 2 Representative chromatograms in positive ion mode. (A) A blank plasma sample; (B) A blank plasma sample spiked with DEZ, MDZ, |-OH MDZ and IS; (C) A

beagle plasma sample 3.0 h after injection of DEZ and MDZ.

studied as solvents, respectively. The best resolution was
obtained after methanol dissolution by UPLC-MS/MS ana-
lysis. In this study, Diazepam was used as the IS, because
diazepam was stable and easy to obtain. It has a similar

peak time with DEX, DEZ and MDZ, and the endogenous
substances in the Beagles plasma samples did not affect its
content determination. Compared with the research report
by Cui et al,’® our experimental subjects were Beagles,
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Table | Regression Equation, Linear Ranges, Correlation Coefficients and LLOQ of Three Analytes

Analytes Regression Equation Linear Ranges (ng/mL) R LLOQ (ng/mL)
DEZ y = 0.0176 x + 0.0042 1-500 0.999 | 1.00
MDZ y =0.1251 x + 0.2339 0.5-100 0.998 4 0.50
I-OH MDZ y = 0.0064 x + 0.0200 1-500 0.995 4 1.00

Table 2 Precision and Accuracy of Three Analytes in Beagle Plasma (n=6, Mean + SD)

Analytes Spiked (ng/mL) Intra-Day Inter-Day
RSD (%) RE (%) RSD (%) RE (%)
DEZ | 3.59 —-1.57 9.58 7.66
25 6.85 5.06 0.37 778
50 7.66 0.93 6.79 0.43
400 6.26 -2.53 0.26 0.47
MDZ 0.5 6.14 2.58 7.36 4.19
| 3.34 —4.43 9.63 —4.65
10 6.24 1.32 3.86 —1.64
80 3.09 2.14 4.58 2.53
I-OH MDZ | 5.90 4.73 10.09 3.65
25 4.55 —4.66 791 -3.47
50 7.8l -3.30 822 4.93
400 7.06 2.56 6.43 5.04
Table 3 The Recoveries and ME of the Three Analytes in Beagle Plasma (n=6, Mean * SD)
Analytes Spiked (ng/mL) Recoveries (%) RSD (%) ME (%) RSD (%)
DEZ 2.5 86.99 + 3.37 3.87 106.74 + 5.73 5.39
50 81.32 + 5.54 6.81 108.61 + 6.93 6.38
400 8721 + 6.73 7.72 103.64 + 6.02 5.8l
MDZ | 78.65 + 4.43 5.63 105.86 + 8.87 6.30
10 84.08 + 591 6.97 97.59 + 6.30 6.46
80 85.24 + 3.66 4.29 97.35 + 5.86 6.02
I-OH MDZ 25 83.17 + 4.07 4.89 99.02 + 7.22 7.29
50 85.39 + 5.49 6.43 100.02 + 4.02 4.02
400 86.22 + 3.01 3.49 104.83 + 6.82 651

whose metabolism was closer to humans. In addition,
simpler plasma processing method was used in our study.

Drug—drug interactions (DDI) will occur when the phar-
macokinetics (PKs) and pharmacodynamics (PDs) of a drug
are altered by one or more drugs.”! DDI can significantly
affect patient safety, so it is important to assess the risks of
DDI.?? Pharmacokinetics (PKs) can occur at any stage of
absorption, distribution, metabolism, and excretion, but
primarily at the metabolic stage of the drug.>> A primary
reason of DDIs is the change of the cytochrome P450

(CYP450) isozyme activity by inducing or inhibiting.****

The hepatic cytochrome P450 (CYP) enzyme system is the
main site where drug metabolism and 86% drug interaction
occur.

The DDIs that result in complicated outcomes, such as
an increase of serious adverse reactions, lack of efficacy,
or tolerability issues, may be clinically significant. The
clinical relevance of many DDIs is easily underestimated,
as detection is challenging and possible outcomes may

vary widely. Therefore, it is critical to avoid DDIs where
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Table 4 The Stability of the Three Analytes in Beagle Plasma (n=6, Mean * SD)

Analytes Spiked (ng/mL) | Room Temperature, 12 h | Autosampler 4 °C, 12 h | Three Freeze-Thaw | —20 °C, 4 Weeks
RSD (%) RE (%) RSD (%) RE (%) RSD (%) RE (%) RSD (%) | RE (%)
DEZ 25 6.69 2.25 5.07 4.58 11.42 3.29 11.74 3.84
50 9.48 —4.05 0.02 -0.17 9.72 3.68 6.00 —-0.90
400 11.94 2.72 9.32 2.87 1.51 2.85 6.82 223
MDZ | 1.26 —4.57 7.10 3.87 1.48 —0.02 9.46 1.32
10 3.99 1.64 1.59 -3.57 3.24 —0.19 0.45 3.68
80 1.09 -3.33 392 -1.29 7.02 3.64 5.53 4.42
I-OH MDZ | 2.5 5.43 4.09 7.21 0.23 8.64 —4.23 1.90 —4.92
50 9.34 -3.97 4.8l 1.75 10.92 0.26 10.97 2.35
400 3.12 0.56 10.99 0.21 3.53 —4.02 6.27 —0.24

possible through the selection of appropriate medications
with the least potential for DDIs.® At the same time, it is
very important to identify the potential DDIs in order to
reduce the risks of unexpected outcomes.

DEX is a highly selective a2-adrenoceptor agonist with
sedative, anxiolytic, sympatholytic and analgosedative
properties." DEX is metabolised by glucuronidation and
CYP2A6 hydroxylation and subsequently excreted in urine
almost exclusively as a metabolite.*> DEX is a strong
inhibitor of cytochrome CYP450 enzyme.'® The combina-
tion of sufentanil and DEX can cause drug—drug interac-
tions, which may promote the sedation and prolong the
respiratory depression by increasing the exposure level of
DEX brain tissue. In clinical application, attention should
be paid to the possible drug—drug interactions or adverse

75.00
65.00
55.00
45.00 4

35.00

25.00

concentration (ng/mL)

15.00 4

5.00 1

-5.00 T T

reactions caused by the combination of these two drugs.'®
DEX enhances the action of mepivacaine in reducing
regional blood flow prolongs its tissue retention, and
increases the local anesthetic action without affecting
hemodynamics on local administration.

In infants and toddlers, DEX reached its peak within
47 mins after intranasal administration 1 mg/kg or 2 mg/kg,
with an overall bioavailability of 84% and the Cmax were182
pg/mL and 324 pg/mL.%” In SD rats, the t1/2 after intravenous
injection of DEX (20 pg/kg), DEZ (80 pg/kg), and MID (400
ng/kg) were 141.25 min, 225.39 min, and 80.51 min, respec-
tively. The Cmax values were 23.24 ng/mL, 22.37 ng/mL and
645.68 ng/mL, respectively.?’

The results of this study show that the Cmax, AUC(0—t)
and AUC(0—) of DEZ in group B were 32.48%, 64.44%, and

—— group A === group B

T T T 1

6 8 10 12

time (h)

Figure 3 The mean concentration-time curve of DEZ in group A and group B.
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Table 5 Pharmacokinetic Parameters of DEZ, MDZ and |-OH MDZ in Group A and Group B (n=6, Mean * SD)
Parameters DEZ MDZ 1-OH MDZ
Group A Group B Group A Group B Group A Group B
tl/2 (h) 0.74 £ 0.25 2.27+0.491 1.18 £ 0.41 2.64 £ 091 1.27 = 1.02 2.34 £ 0.74
Tmax (h) 0.25 £ 0.09 061 £0.14 0.22 + 0.08 0.34 £ 0.26 0.30 £ 0.07 0.53 £ 0.22
Cmax (ng/mL) 38.02+11.32 50.37+11.96 49.72+21.10 71.24£17.12 95.71+32.37 67.18+22.22
CLz/F (L/h/kg) 6.57 £ 1.95 3.92 = 1.07 3.47 £ 1.46 1.75 £ 0.54 1.37 £ 0.40 1.52 £ 0.39
Vz/F(L/kg) 6.82 £ 226 12.09+ 3.98 6.18 £ 446 7.08 £ 434 253 £ 191 504 £ 1.75
AUC(0-t) 53.23+ 87.53% 5233+ 92.00+ 11891+ 113.80+
(ng h/mL)* 14.15 22.52 29.04 38.29 45.03 54.55
AUC(0-w0) 53.80+ 89.23+ 57.26+ 94.74+ 120.64+ 11627+
(ng h/mL) 14.57 22.60 34.25 37.23 44.52 55.33

Notes: AUC(0-t) in Group A was AUC of 0-6 h, AUC(0-t) in Group B was AUC of 012 hrs.

65.86% higher than that in group A, respectively, and the t1/2
was increased from 0.74 h to 2.27 h. The Vz/F increased and
CLz/F was correspondingly decreased. It was suggested that
DEX can inhibit the metabolism of DEZ and increase the
exposure of DEZ in beagles. From the pharmacokinetic point
of view, the analgesic effect was enhanced with the increase
of serum concentration of DEZ.

The results of this study show that the Cmax, AUC(0—t)
and AUC(0—) of MDZ in group B were %, 43.28%, 75.81%
and 65.46% higher than that in group A, respectively, and the
t1/2 was increased from 1.18 h to 2.64 h. The CLz/F was
decreased, and the Vz/F was increased, respectively. The
Cmax of 1-OH MDZ in group B was 29.81% lower than
that in group A, but the t1/2 was increased from 1.27 h to 2.34
h. There was no significant change in AUC between the two

95.00
85.00

95.00

75.00
65.00 1 D
55.00 -

45.00

35.00

groups. The CLz/F and the Vz/F were increased. It was
suggested that DEX can inhibit the metabolism of MDZ
and increase the exposure of MDZ in beagles. From the
pharmacokinetic point of view, the analgesic effect was
enhanced with the increase of serum concentration of MDZ.

The last time point of blood collection in this study was
12 hrs after administration. It was found that the concentra-
tion of the three analytes in group A decreased to the LLOQ
at 6 hrs, while that in group B decreased to the LLOQ at 12
hrs. Therefore, different time was chosen in the calculation of
pharmacokinetic parameters.

Although there are some differences in metabolism
between different species, the results of animal experi-
ments could provide a reference for clinical medication.?®

Therefore, clinically, the change of therapeutic effect and
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Figure 4 The mean concentration-time curve of MDZ in group A and group B.
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Figure 5 The mean concentration-time curve of 1-OH MDZ in group A and group B.

the occurrence of adverse reactions caused by drug—drug
interaction should be paid attention to when DEX was
combined with DEZ and MDZ.

Conclusion

The developed UPLC-MS/MS method for simultaneous
determination of DEZ, MDZ and its metabolite 1-OH
MDZ in beagles plasma was accurate, reproducible, spe-
cific. DEX could inhibit the metabolism of DEZ and MDZ
and increase the exposure of DEZ and MDZ in beagles.
Therefore, the change of therapeutic effect and the occur-
rence of adverse reactions caused by drug—drug interaction
should be paid attention to when the drugs were used in
combination.
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