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Abstract: In order to investigate the effects of diphenoxylate on the metabolic capacity of cytochrome P450 (CYP)
enzymes, a cocktail method was employed to evaluate the activities of CYP2B6, CYP2D6, CYP2C19, CYP1A2,
CYP3A4, CYP2C9. The rats were randomly divided into diphenoxylate group (Low, Medium, High) and control group.
The diphenoxylate group rats were given 12, 24, 48 mg/kg (Low, Medium, High) diphenoxylate by continuous intra-
gastric administration for 7 days. Six probe drugs bupropion, metroprolol omeprazole, phenacetin, testosterone and
tolbutamide were given to rats through intragastric administration, and the plasma concentrations were determined
by UPLC-MS/MS. Statistical pharmacokinetics difference for omeprazole, phenacetin and tolbutamide in rats were
observed by comparing diphenoxylate group with control group. Continuous 7 days-intragastric administration of
diphenoxylate induces the activities of CYP2C19, CYP1A2 and CYP2C9 of rats. Induction of drug metabolizing en-
zyme by diphenoxylate would reduce the efficacy of other drug. Additionally, high dosage diphenoxylate may cause
hepatotoxicity.
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Introduction biotics and endogenous molecules [5]. Vari-

ations of their activity by inhibition or induction
Diphenoxylate, a weak opioid agonist has been can influence the pharmacokinetics and there-
considered as a drug of low abuse potential. by the effect of drugs (of abuse). Enzyme inhibi-
There have been however, only case reports of tion by co-administered drugs (of abuse) and/or

diphenoxylate being abused by patients with
medical illnesses and substance users [1, 2]. It
has also been tried during detoxification from
opioids and has been shown to decrease with-
drawals [3, 4]. Diphenoxylate is useful in the
treatment of protracted diarrhea in children
and disorders in which rapid gastrointestinal
transit is the main cause of diarrhea. However,
it is not recommended for acute infective diar-
rhea in childhood. Diphenoxylate has also been
found to provide substantial relief from detoxifi-
cation symptoms in opioid-dependent patients
with no drug-associated adverse effects [1].

genetic variations of their expression can in-
crease the risk of adverse reactions [6] or
reduce the desired effect [7]. Such drug-drug
interactions were described as a major reason
for hospitalization or even death [8].

So far, no study on the effects of diphenoxylate
on the metabolic capacity of CYP enzyme was
reported. Therefore, in this study, six probe
drugs were employed to evaluate effect of
diphenoxylate on the metabolic capacity of
CYP2B6, CYP2D6, CYP2C19, CYP1A2, CYP3A4,
CYP2C9. The effects of diphenoxylate on rat
Cytochrome P450 (CYP) enzymes are respon- CYP enzyme activity will be evaluated according
sible for most biotransformation steps of xeno- to the pharmacokinetic parameters changes of
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Table 1. Pharmacokinetic parameters of bupropion and metroprolol from control group and diphenox-
ylate group rats (mean + SD, n=8)

AUC, . AUC t CL \ C
Parameters Y (0<) 1/2 max
ng/mL *h ng/mL *h h L/h/kg L/kg ng/mL
Bupropion  Control 974.9+1167.4 1024.4+11476  1.8+1.1 15.8+7.8 46.6+42.6 527.0+623.5

(CYP2B6)  Low 1194.1+1025.4 1512.1+1817.8 1.8+1.6  12.6+7.6 24.5+15.1 348.3+238.1
Medium 1106.6+449.0 1156.5+455.7  1.7+0.5 9.843.5 25.5+17.9 333.8+147.1
High 1456.9+1014.0 2877.1+3298.5 5.645.6 10.2+11.2 48.8+43.0 369.7+285.1
Metroprolol Control ~ 890.7+848.9  906.1+849.2 1.2+0.4  16.749.9 28.8+13.8 463.5+468.4
(CYP2D6) | ow 1120.54738.5 2045.7+3141.1 3.2+5.0 10.9+5.8 25.6+13.0 365.4+172.6
Medium 1184.1+558.6 1295.7+552.3 2.2+0.9* 8.9+3.2 30.4+19.0 337.4+183.9

8.2+7.6 39.7£32.0 367.5%£239.7

High 1550.2+1010.5 2294.0+1697.1 3.9+2.2**

Diphenoxylate group was compared with the control group, *: P<0.05, **: P<0.01.

six specific probe drugs (bupropion, metropro-
lol omeprazole, phenacetin, testosterone and
tolbutamide).

Material and methods
Chemicals

Bupropion, metroprolol omeprazole, phenace-
tin, testosterone and tolbutamide (all >98%)
and the internal standard diazepam (IS) were
obtained from Sigma-Aldrich Company (St.
Louis, USA). Ultra-pure water was prepared by
Millipore Milli-Q purification system (Bedford,
USA). Methanol and acetonitrile (HPLC grade)
were obtained from Merck Company (Darm-
stadt, Germany).

Animals

Sprague-Dawley rats (male, 220+20 g) pur-
chased from Shanghai SLAC Laboratory Animal
Co., Ltd. Animals were housed under a natural
light-dark cycle conditions with controlled tem-
perature (22°C). All forty rats were housed at
Laboratory Animal Research Center of Wenzhou
Medical University. All experimental procedures
were approved ethically by the Wenzhou
Medical University Administration Committee
of Experimental Animals.

Pharmacokinetics

Forty rats (220+20 g) were randomly divided
into four different dosages of diphenoxylate
groups (Low-group, Medium-group, High-group
and control group with 8 rats in each group).
Diphenoxylate was dissolved in corn oil as sus-
pension at three different concentrations (12,
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24, and 48 mg/mL). Three different diphenoxyl-
ate group (Low-group, Medium-group, High-
group) were respectively give diphenoxylate 12,
24, 48 mg/kg one time by intragastric adminis-
tration at every morning, and last for 7 days.
Control group were give saline by same admin-
istration method. At 8 days morning, six probe
drugs bupropion, metroprolol omeprazole,
phenacetin, testosterone and tolbutamide
were mixed in corn oil and given to the rats of
three diphenoxylate groups and control group
by intragastric administration at a single dos-
age 10 mg/kg for bupropion, metroprolol
omeprazole, phenacetin, testosterone, 1 mg/
kg for tolbutamide.

Blood (0.3 mL) samples were collected into
heparinized 1.5 mL polythene tubes from the
tail vein at 0.0833, 0.5, 1, 2, 3,4, 6, 8, 12, 24,
48 h after intragastric administration of six
probe drugs. 100 uL of plasma was obtained
from blood sample after centrifugation at 4000
g for 10 min. In a 1.5 mL centrifuge tube, 200
uL of acetonitrile (containing 50 ng/mL IS) was
added into 100 pL of collected plasma sample.
After vortex-mixing for 1.0 min, the sample was
centrifuged at 13000 g for 15 min. Then super-
natant (2 yL) was injected into the UPLC-MS/
MS system for analysis.

Concentration of plasma probe drugs versus
time was analyzed by Version 3.0 Data Analysis
System (Wenzhou Medical University, China).
The main pharmacokinetic parameters of the
diphenoxylate group and control group were
analyzed by SPSS 18.0 statistical software; sta-
tistical significance was assessed by t-test
(P<0.05 was considered as statistically sig-
nificant).
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Table 2. Pharmacokinetic parameters of omeprazole and phenacetin in control group and diphenoxyl-

ate group rats (mean + SD, n=8)

barametors AUC,,, AUC, ., t,, cL v C..
ng/mL *h ng/mL *h h L/h/kg L/kg ng/mL

Omeprazole (CYP2C19) Control 2347.9+2800.6 2555.9+3056.9 1.7+0.6 16.4+16.3 41.1+46.1 804.8+717.1
Low 1070.2+889.1 1133.5+983.7 1.3+0.5 15.2+10.5 28.1+28.9 651.6+397.1
Medium 772.0+470.5 797.0+462.3 1.2 +0.3* 15.3+6.0 26.2+11.6 444.7+313.3
High 285.4+274.1* 291.2+278.9*% 0.9+0.2** 63.6 +40.9** 87.1+65.1 169.7+161.5*

Phenacetin (CYP1A2) Control 11054.1+5810.3 11062.4+5814.9 1.1+0.3 1.3+0.9 2.2+2.0 5773.8+1933.2
Low 13016.2+11922.6 13789.8+12841.4 1.9+0.6 1.9+2.3 6.4+10.1 3962.2+2311.5
Medium  5303.2+1837.5* 5382.5 +1777.6* 3.3+2.6* 2.1+0.7 11.5+£12.7 2575.24984.1**
High 1694.0+1909.1** 1698.4+1909.0** 1.3+0.5 12.249.6%* 19.1+13.4** 1117.4+869.5**

Diphenoxylate group was compared with the control group, *: P<0.05, **: P<0.01.

Table 3. Pharmacokinetic parameters of testosterone and tolbutamide in control group and diphenox-

ylate group rats (mean * SD, n=8)

barametors AUC, AUC, t,, cL v C,..
ng/mL *h ng/mL *h h L/h/kg L/kg ng/mL

Testosterone (CYP3A4) Control 317.14553.3 363.2+650.9 2.4+1.4 107.9+75.2 318.9+302.0 148.0£222.2
Low 121.1+67.4 129.6+69.5 2.0+1.1 103.1459.3 258.6+141.2 37.8422.0
Medium 264.3+102.4 333.6+135.3 6.4+3.1* 35.3+#15.8 325.7+269.2 116.3+90.7
High 118.3+68.0 147.2+100.9 4.7+3.7 108.7+481.1 477.1+259.2 87.1+33.9

Tolbutamide (CYP2C9) Control 49556.8+8970.1 64492.5+19288.1 10.3+4.4  0.02+0.01 0.23+0.05 3865.4+501.4
Low 37873.9+10951.5*  43875.7+13099.8* 8.0+3.0 0.03+0.01* 0.28+0.12 3277.7+810.9
Medium 30817.8413569.0**  45061.2+24307.4* 8.3+5.2  0.03+0.01* 0.28+0.10 2970.9+1031.3*
High 30583.3+10748.2** 35607.9+18796.1** 7.1+3.6 0.03+0.01** 0.29+0.03* 2633.3+888.8**

Diphenoxylate group was compared with the control group, *: P<0.05, **: P<0.01.

UPLC-MS/MS determination of probe drugs

The concentration of bupropion, metroprolol
omeprazole, phenacetin, testosterone and tol-
butamide in rat plasma were simultaneously
determined by a sensitive and simple UPLC-
MS/MS method [9]. The compounds were ana-
lyzed by a UPLC-MS/MS with ACQUITY I-Class
UPLC and a XEVO TQD triple quadrupole mass
spectrometer that equipped with an electro-
spray ionization (ESI) interface (Waters Corp.,
Milford, MA, USA). Data acquisition and instru-
ment control were performed on the Masslynx
4.1 software (Waters Corp., Milford, MA, USA).

Bupropion, metroprolol omeprazole, phenace-
tin, testosterone, tolbutamide and diazepam
(IS) were separated using a Waters BEH C18
column (2.4 mmx100 mm, 1.7 ym) at constant
temperature 40°C. The initial mobile phase
consisted of 0.1% formic acid and acetonitrile
with gradient elution at a flow rate of 0.4 mL/
min and an injection volume of 2 pL. Elution
was in a linear gradient, with the acetonitrile
changing from 30 to 60% in 0.3-1.8 min and
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increasing up to 95% over 0.2 min. The acetoni-
trile content was maintained at 95% for 0.5 min
and decreased to 30% within 0.1 min, and then
maintained at 30% for 0.4 min.

The mass spectrometric detection was per-
formed in a positive mode. Nitrogen was used
as the cone gas (50 L/h) and desolvation gas
(1000 L/h). The mass conditions were set as
follows: source temperature 150°C; capilla-
ry voltage 2.5 kV; desolvation temperature
500°C. The multiple reaction monitoring (MRM)
mode with m/z 240.1—184.1 for bupropion,
m/z 268.1—115.8 for metroprolol, m/z 34-
6.1—197.8 for omeprazole, m/z 180.1—109.9
for phenacetin, m/z 289.0—97.0 for testoster-
one, m/z 271.2—155.1 for tolbutamide, and
m/z 285.1—193.1 for IS was used for quantita-
tive analysis.

The LLOQ for each probe drug in plasma was 2
ng/mL. The RSD of the six probe drugs were
less than 15%. The calibration plot of the probe
drugs is in the range of 2-2000 ng/mL
(r>0.995). The intra-day and inter-day accuracy

Int J Clin Exp Med 2015;8(10):18800-18806
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Figure 1. The pharmacokinetic profiles of bupropion (A), metroprolol (B), omeprazole (C), phenacetin (D), testoster-
one (E), tolbutamide (F) in control group and diphenoxylate group (low, medium, high) rats (n=8).

ranged from 90% to 115%. The matrix effects
were more than 82% or less than 113%. The
extraction recoveries were better than 85%.

Histopathology

After pharmacokinetic properties analysis, rats
were deeply anesthetized with 10% chloral
hydrate (i.p., 20 mg/kg). The liver of control
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group and diphenoxylate treated groups were
rapidly isolated and immersed in freshly pre-
pared 4% w/v formaldehyde (0.1 M phosphate
buffer, pH 7.2) for 48 h, and then embedded in
paraffin. Then 5 pm-thick histologic sections
were prepared and stained with routine HE
method (hematoxylin and eosin). The morpho-
logical changes of liver were observed under
light microscope.

Int J Clin Exp Med 2015;8(10):18800-18806
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Figure 2. Morphological changes of liver in diphenoxylate treated group at low (A), medium (B), high (C) dosage and
control group (D) (hematoxylin-eosin staining, x100).

Results
Pharmacokinetics

The main pharmacokinetic parameters of
bupropion, metroprolol omeprazole, phenace-
tin, testosterone and tolbutamide calculated
from non-compartment model analysis were
summarized in Tables 1-3. The representative
profiles of concentration of drugs (bupropion,
metroprolol omeprazole, phenacetin, testoster-
one and tolbutamide) vs. time were presented
in Figure 1.

From the Table 1, compared with the control
group, no difference in pharmacokinetic behav-
iors can be observed between low, medium
dosage group and control group for bupropion
and metroprolol. While from the Table 2, the
pharmacokinetic behaviors of omeprazole in
high dosage group compared with the control
group, AUC(O_Q decreased (P<0.05), CL increas-
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ed (P<0.01), C__ decreased (P<0.05), and no
difference in pharmacokinetic behaviors can
be observed between low, medium dosage
group and control group. The pharmacokinetic
behaviors of phenacetin in medium and high
dosage group compared with the control group,
AUC(O_U decreased (medium, P<0.05; high,
P<0.01), CL increased (medium, P>0.05; high,
P<0.01), C__ decreased (medium, P<0.01;
high, P<0.01), and no difference in pharmaco-
kinetic behaviors can be observed between low
dosage group and control group. From the
Table 3, compared with the control group, no
difference in pharmacokinetic behaviors can
be observed between low, medium dosage
group and control group for testosterone. While
for tolbutamide, compared with the control
group, AUC(O_t) decreased (low, P<0.05; median
and high, P<0.01), CL increased (Low and medi-
an, P<0.05; high, P<0.01), C__ decreased (low,

max

P>0.05; median, P<0.05; high, P<0.01).

Int J Clin Exp Med 2015;8(10):18800-18806
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Morphological changes of liver

There is no significant difference between con-
trol group and low dose group in the liver lob-
ules at low magnification, Figure 2. Both of
them are intact and liver cells were arranged
tightly along with central veins. In middle dose
group, the structure of liver lobule is still intact
and can be recognized easily. There liver cells
arranged regularly, and there was no swelling in
them. The nucleus of liver cells is round, clear
and fine luster. However, the cell gap between
liver cells seems becoming larger than control
group and low dose group.

While, compared with control group the intact
structures of liver lobule are damaged obvious-
ly in high dose group. The regular and tight
arrangement of liver cells along with central
veins was disappeared. Most of liver cells are
arranged in disorder. Beside, the some gaps of
hepatic sinusoid decreased and disappeared,
and the liver cells became edema and appeared
to be vacuolization.

Discussion

In general, changes in pharmacokinetics are
thought to be caused by drug-drug or drug-food
interactions [10]. In pharmacokinetic interac-
tions, approximately 65% of drug-drug interac-
tions occur in metabolic sites, and drug meta-
bolic enzymes are considered to be the most
important interactive sites. A large number of
drugs are metabolized by CYP enzymes in the
liver, and more than 90% of drug-drug interac-
tions occur at the CYP-catalyzed step [11, 12].
Similarly, supplement-drug interactions involv-
ing CYP activity are occasionally found to cause
considerable adverse events. For these rea-
sons, we evaluated the effects of acute para-
quat poisoning on the activity of CYP enzymes
in vivo. We selected CYP isoforms CYP1A2,
CYP2D6, CYP3A4, CYP2C19, CYP2C9 and
CYP2B6 because more than 90% of drugs are
known to be metabolized by these 6 CYP
enzymes [13, 14].

There no significant difference for AUC, CL and
C,... of bupropion, metroprolol and testoster-
one between the diphenoxylate group (low,
median, high) and control group was observed.
It suggested that the diphenoxylate was not
able to induce or inhibit the activity of CYP2B6,

CYP2D6 and CYP3A4 enzyme. The pharmacoki-
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netic parameters of omeprazole experienced
obvious change with decreased AUC,  and
increased CL after the dosage increase. This
result indicates that the 7 days-intragastric
administration of diphenoxylate with high dos-
age slightly induces the metabolism of omepra-
zole (CYP2C19) in rat. The pharmacokinetic
parameters of phenacetin experienced obvious
change with decreased AUC ,, and increased
CL after the dosage increase. This result indi-
cates that the 7 days-intragastric administra-
tion of diphenoxylate with medium dosage
slightly induces the metabolism of phenacetin
(CYP1A2) in rat, and the high dosage group
induces the metabolism of phenacetin
(CYP1A2), this results was consistent with
Figure 1D. The pharmacokinetic parameters of
tolbutamide experienced obvious change with
decreased AUC ,, and increased CL after the
dosage increase. This result indicates that the
7 days-intragastric administration of diphenox-
ylate with low dosage slightly induces the
metabolism of tolbutamide (CYP2C9) in rat, the
median and high dosage group induces the
metabolism of tolbutamide (CYP2C9), this
results was consistent with Figure 1F.

As diphenoxylate is always administrated in
combination with other drugs, interactions
between diphenoxylate and other drugs would
increase the risk of either diminished efficacy
or adverse effects. In our study, we found that
7 days-intragastric administration of diphenox-
ylate slightly induce the metabolism of omepra-
zole (CYP2C19), and induce phenacetin
(CYP1A2) and tolbutamide (CYP2C9). Therefore,
the metabolism and elimination of drugs would
change if they are administrated in combina-
tion with diphenoxylate.

After the pharmacokinetic profiles evaluation
by cocktail method, we also investigated the
hepatotoxicity of diphenoxylate by observing
the pathological changes of liver after diphenox-
ylate administration. The pathological changes
of liver were observed at three difference dos-
ages with small changes in high dosage and no
change in low dosage, Figure 2. Therefore, high
dosage diphenoxylate may cause hepatotoxici-
ty. A more systematic and comprehensive study
to investigate the hepatotoxicity of diphenoxyl-
ate will be carried out.

In conclusion, the results observed in this study
would provide us valuable information regard-
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ing the interactions of diphenoxylate with other
drugs. Induction of drug metabolizing enzyme
CYP2C19, CYP1A2 and CYP2C9 by diphenoxyl-
ate would reduce the efficacy of other drug.
Additionally, high dosage diphenoxylate may
cause hepatotoxicity.
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