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Induction study of CYP3A2 in male rats by zolmitriptan
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Abstract: In our preliminary studies, we observed zolmitriptan (ZOL) treatment led to induction of
CYP3A2 in male not female rats. To figure out the reason is of great significance for drug-drug interactions and
personalized administration. Since growth hormone (GH) is known as the major mechanistic determinant of
sexually-dimorphic gene expression like CYP3A2 in rat liver, the impacts of ZOL on both plasma GH levels in
non monosodium glutamate (MSG)-treated rats and CYP3A2 expression in GH depleted MSG-treated rats were
studied. ZOL was shown to partially suppress GH levels in both genders. Furthermore, CYP3A2 protein and
mRNA level declined in male not female MSG-treated rats. In order to study the possible molecular events
involved in the depression of GH and gender-selective induction on rat CYP3A2 by ZOL, the mRNA and protein
level (whole protein and nuclear protein) of hepatocyte nuclear factor 4 a (HNF4a) was investigated. Nuclear
accumulation of HNF4a was observed in the normal male not female rat liver tissue following ZOL treatment.
However, this kind of nuclear translocation did not occur in rat hepatocytes and MSG-treated rats. These
findings demonstrated CYP3A2 inducibility by ZOL was gender-selective. GH and HNF4 ¢ may play an
important role in CYP3A2 induction.
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Figure 1 Hepatocytes were induced by media supplemented with
zolmitriptan (ZOL, 10, 50 and 100 pmol-L™"), dexmethasone
(DEX, 10 umol-L™") or control (DMSO) for 48 h after plating.
(A) ZOL induction of CYP3A1 and 3A2 proteins in rat hepato-
cytes (Western blot analysis). (B-C) ZOL induction of CYP3A
activities (reduced amount of testosterone, a specific probe
substrate of CYP3A), in male (B) and female (C) rat hepatocytes.
CYP3A
proteins were monitored by Western blot in at least three animals/
group.  P<0.01 vs Control

Testosterone relative values are means + SD; n = 3.

Table 1 Primer sequences for amplification of specific rat genes
Gene Forward primer 5'— 3' Reverse primer 5'— 3' GenBank accession
CYP3Al gat gtt gaa atc aat ggt gtg t ttc aga ggt atc tgt gtt tcc NM 013105
CYP3A2 agt agt gac gat tcc aac ata t tca gag gta tct gtg ttt cct NM 153312
S-Actin act ggc att gtg atg gac tc cag cac tgt gtt ggc ata ga NM 031144
HNF4a cgg get gge cag aagaaa g agc gca tta atg gag ggt agg NM 022180
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Table 2 Effects of ZOL on the expression of CYP34 in the liver of non-MSG (monosodium glutamate) or MSG-pretreated rats and
in hepatocytes. CYP3A2 gene in rats treated with dexamethasone (DEX) is detectable in light of C; and the melting curve. However,
CYP3A42 gene in female control rats can’t be detected. Thus, we can’t calculate the normalized gene expression level. Gene
expression relative level values are means + SD; n = 3. *P<0.05, *P<0.01 vs control group. ND: Not detected; NC: Not be

calculated
Normalized gene expression (Control = 1)
Dose Male Female
CYP3A41 CYP342 CYP3A41 CYP342
Rat hepatocytes
100 umol'L7' 0.90 £ 0.01 0.89 +0.26 0.81 £0.13 N.D.
50 umol'L7' 0.94 +0.01 0.92+0.11 0.95 +0.06 N.D.
10 umol'L7' 0.78 £ 0.20 1.24 +£0.24 0.86 +0.07 N.D.
DEX (10 umol-L™") 18.9£0.70" 6.00+1.41" 8.5+2.12" N.C.
Rat liver (MSG-treated)
12.5 mg-kg ' 0.80 + 0.56 0.71 + 0.04 0.83+0.13 N.D.
2.5 mgkg " 0.50 £ 0.01" 0.49 +0.14" 0.80 + 0.24 N.D.
0.5 mg-kg™' 0.95+0.23 0.25+0.31" 1.45+0.07 N.D.
DEX (100 mg-kg™") 10.05 £0.03™ 1.15+0.21 17.8+1.20™ N.C.
160 Control A 25 Control B HIIEAE . 25 T1% (0.5 mg~kg71)\ 2.5 mg'kgfl)\ =2
120- 2 — ) + 7.
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Figure 2 Plasma levels of circulating growth hormone (GH) =3 100 2 g ‘001
n O S =
in non MSG-treated rats exposing to ZOL. (A: Male rats; 2 g 75 ;ié £ 3
B: Female rats). Plasma was obtained at 15-min intervals for f; % 50 o X 3 % % .
5 continuous hr. Rats were treated by ig with saline (control) or I8 2 ﬁ ﬁ ﬁ ”—‘ S8 25 ’—t‘
_ i . . . 2
ZOL (0.5, 2.5 and 12.5 mg kg ', respectively) dissolved in saline & é P 1 B e 5 é L1 ] ]
~ Control 0.5 25 125 DEX Control 0.5 25 125 DEX

for 3 consecutive days. GH profiles are representative of two
collections from at least three rats/group
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Figure 3 MSG-treated rats were treated by ig with saline or
ZOL (0.5, 2.5 and 12.5 mg-kg ") or DEX (100 mg-kg™") dis-
solved in saline for 3 consecutive days. (A) ZOL induction of
CYP3A1 and 3A2 proteins in MSG-treated rats (4 mg-g ', neo-
natally, Western blot analysis). (B-C) ZOL induction of testos-
terone (reduced amount of testosterone, a specific probe substrate
of CYP3A), in male (B) and female (C) MSG-treated rats (4
mg-g”', neonatally). Testosterone relative values are means +
SD; n=3. CYP3A proteins were monitored by Western blot in
at least three animals/group. P<0.05, “P<0.01 vs Control
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Figure 4 Effects of ZOL on the expression of HNF4 o whole
cell proteins and nuclear proteins (Western blot), in non MSG-
treated rats (A: Tissue lysate; B: Nuclear protein), rat hepatocytes
(C: Cell lysate; D: Nuclear protein), and MSG-treated rats (E:
Tissue lysate; F: Nuclear protein). Rats were treated by ig with
saline or ZOL (0.5, 2.5 and 12.5 mg-kg ') suspended in saline
for 3 consecutive days. Hepatocytes were induced by media
supplemented with ZOL (10, 50 and 100 pmol-L™") or control
(0.1% of DMSO) for 48 h after plating. HNF4 a proteins were
monitored by Western blot in at least three animals/group
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mRNA M55 75% SR, HIXAE S 0E A 2
Z5. WEBA#S EFE, HNF4o ) mRNA 525645
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Table 3 Effects of ZOL on the expression of HNF4a in the
liver of non-MSG or MSG-pretreated rats and in hepatocytes.
Gene expression relative level values are means + SD; n = 3.
'P<0.05, “"P<0.01 vs Control

Normalized gene expression (Control = 1)

Dose
Male Female
Rat liver (non-MSG treated)
12.5 mg-kg ™! 6.65+0.50"" 1.10 +0.14
2.5 mgkg” 3.20+0.42" 1.75+0.28
0.5 mg-kg™' 2.63+0.50" 1.45 +0.07
Rat hepatocytes
100 pmol-L™" 1.74 £0.24 1.23+0.33
50 pmol-L™" 1.82+0.92 1.50 + 0.23
10 pmol-L™" 1.25+0.69 2.10+0.42
Rat liver (MSG-treated)
12.5 mg-kg ™! 2.40+0.35 1.55 +0.42
2.5 mgkg” 2.00 +0.41 1.68 + 0.74
0.5 mg-kg™' 1.75+0.35 1.30 +0.77
wig

8 AR KT 77 K G20 Mo S 36 w7 oK 30T
Y CYP3AL/2 A 7 A R AUA A 45 24 ) T %
P T 0 22 545 SR o BRARES 77 K U 4 i 5 1E
K BR e R DXl £ T K BRI 4 B AN 32 0 1R T A%,
AL LH 00 3K b ke 31 AR S M 0 7 2 e S AR N S R OR
WATAEORM . TER BB, GH 2R At
B CYP3A2 W E B s NP7, 1 1, fek e
M T A A R 25 A s E Y, W
SR EIVE R ATRE R I 2 50 B 2% . AUk, GH WTRETE N
Ve KX CYP3A2 P52 R F i, AR
K BSR4 M b ) S 6 5 SR SRR T AR R

P RE, GH & H 1 = Ik 2 5 ma B K R
CYP450 FiA, MMM KR CYP450 X T “#F



IR MoK R E SN R R AT CYP3A2 B4R L <49 -

22307 U i) GH AR AR Ak i AN A2 43 UK T
M KRB, CYP3A2 #F GH WEB FRAGES, FHoEte. &
IR IE/KF AT mRNA 7KF i B F+o % GH R EE N 0
i, CYP3A2 Fikfim. MHBLITAFIRER, Kk
B T K ROk, N B GH 4
YRR, UE{EXT CYP3A2 FEMMR/N, CYP3A2 ALK
DUASZ o ARATT D S 58 45 SR B v] DA RE S5 4 rh g A
SERIGORINE . A K 3 AT AR GH ) 4036,
P A2 T K #E I S HEME R B CYP3A2 XA
B Rk, MK i EHRNE] GH B4 v ] BE A2 S B K
i 5 S 1 K B CYP3A2 R 2 —

1473 20 K B0 S8 25 SRR B, MoK it 3 400 ) 45
P L EYE K SR IE CYP3A BiFiE . CYP3A2 2R AN
mRNA £i&. BI7E LB GH femifa, feK i is S
RS, X LAV K X CYP3A2 U5 5 GH
FEAE—E KBk, (R, 245 B4R GH Aok hin
FESIER H K RIF CYP3A2 FME—4E A, 7] Ag [EI 77
TERNHIEAR, WO TN 5 T4 8, [N ke
IEH KR, Ga8NARR R RN SRR MR
BRARIE, Ak % 1) O Ui ARG IR (SSRIs) KM
ARG MBEEIER, FrAn] LA CYP450s
(26380032 ik ihiE /2 5-HT1B/1ID BN 71,
B HIZGFAE 2L T SSRIs. A I A K il 4H % 45
A5 4K SR B 4 sk 4 FE AT A A S ek 2R LRI L A B o
2 S A1) P 7 IE 8 AR R N T SR .

HNFdo 2 &85 M2k, iRz
JFA LR, 35 Z CYP450 5 A + 4 B )
PR, bl (0 S 7m H 1k A gk 20 i L 4
J8, HNF4a ZH GH kil it gih LR R,
e ok il 5 Pk 22 R S OE W 4K R HNF4a 1)
mRNA. B E . ZEEKE, EXF AR 20 A A
AP H R RIX DA Z GH 52 147 5 T2 B
SRS 38 H A S AR % P AN K A2 L
FEAT T BEAATE R, RIEIAAY HNF4a A BEN T
T KA ZE 75 S CYP3A2 X — I FE.

ARSI S5 R R N, A oK il H AT DU ) IR OR
AR Y I 2 GH /K 5 1E 5 AL S 45 BRAF K 2,
ek AR S, AH A2 H0 ] T 434 2H g 1 K
U CYP3A2. 34k, A oK il 3EG T s A S5 AR
it CYP3A12 LR BERMEH. Bk, A
GH #] fig /0§ 7 1 K i 35 4% S 0 v K BT
CYP3A2. BhAh, feK e R 2 5% S 15w 4R
JF HNF4o BJNIZIKF, BT GH B A4 2 m ok () 43
Bt KRR, IR 2 5 SR I ko XA 45 L3

Bl HNF4a TTREZS S5 T KN ZRFE S
CYP3A2, HER/EMABERWA GH AR, £ L
S ol Uit E AT G | Vil = S G R el
CYP3A2, GH fl HNF4a AJ G655 T X AN 5l 1 B 1
FSIFE . EEE RN, HNF4a RAIEVER 55 FHL
1l DA B 3 e S 3o B 1 5 5 0 AR R N AR R T A K
3T B LW T, W HNF4a 3 R R 5256 DA K&
EMSA B 2 JTTE SEE6 I — DIk .
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