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1. = ¢ B r jRmidazolamf P & JRAv4p & & 1 {6 € @ midzolam 7 48 p 2 =
Yo B (AUC )38 % 5 4: 1.39 2 (p < 0.005) » & 50048 + 83403 4r 4 69592 +
9945min*ng/mL ; R P B k& (C, )< B F= & 1.36% (p < 0.05) » d 565 +
133 3 4r 5767 + 132 ng/mL ; -‘)I'iilﬁ’—_h FRELZRF I B RAp e § 1 2 HAI
score(2.00 + 0.00)F A et = > 2 &I H12(1.50 + 0.84) - o AE A F 4
P2 AR -

2. = ¢ & v JRnalbuphinefr P¥ & PR & § 4 {5 ¢ i nalbuphine & 48 p 2 & Jz &
(AUC ) B ¥ 6 4:2.90 2 (p < 0.001) » ¢ 39 + 124 4c 5 116 + 16 hr*ng/mL
A AR (C,) BEL A33112(p<0.05) d 18.0 + 7.4 5 4 559.6 +
25.7 ng/mL : IR BB R0 BIRK F AL D 6§ 0FIF G # R 0 4 HAI
score(1.00 + 1.10)& 4741 %(1.32 + 0.82) 1 £ iz 4 B F L& o d 11+ B % 5
TLH B ipe % 1 2 & § 4 P& A Y2 midazolam 2 nalbuphine 2 4 % 1~ -
B3 0v% o AREL B TR RS R AL o

Mk PR HEA Y 0 ET 00 kY F
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Number:CCMP96-RD-041

Chinese Medicines Affect the Activity of
Hepatic Metabolic Enzymes(2-1)

Oliver Yoa-Pu Hu, Ph.D. National
Defense Medical Center

ABSTRACT

Aims:

To evaluate the drug-drug interaction between Chinese medicine and marketed
drug. This project is help to clarify the safety of Chinese medicine and then help the
people keeping from hepatic injury when using Chinese medicines and synthetic
agents.

Methods:

1. SD rats PK study of single dose of midazolam and Zhi-bai-di-huang-wan
(ZBDHW): 12 SD rats were randomly and equally divided into study and control
group. 6 rats of study groups were orally given 20 mg/kg of midazolam and
0.33 mg/kg of ZBDHW and the other 6 SD rats were orally given 20 mg/kg of
midazolam only. For both group, 0.3 ml of blood samples were taken from tail
vein of rats at 2, 5, 15, 30, 45, 60, 90, 120, 180 and 240 minutes after dosing.

2. SD rats PK study of single dose of nalbuphine and Sang-ju-yin (SJY): 12 SD rats
were randomly and equally divided into study and control group. 6 rats of study
group were orally given 20 mg/kg of nalbuphine and 0.17 mg/kg of SJY and the
other 6 SD rats of control group were orally given 20 mg/kg of nalbuphine only.
For both group, 0.3 ml of blood samples were taken from tail vein of rats at 0.25,
0.5,0.75, 1, 1.5, 2, 3, 4, 6, 8, 12 and 24 hours after dosing. All the blood samples
were expressed into plasma and stored at -800C before assayed with LC/MS/MS.

3. Pathological observations of liver slices were also conducted to confirm the
effects of target Chinese medicine to liver tissues.

Results:

1. The extent of absorption (AUCtotal ) of midzolam in SD rats were significantly
increased to 1.39 folds by ZBDHW (50048 + 8340 vs. 69592 + 9945 min*ng/mL, p
< 0.005).The Cmax of midazolam in SD rats were also significantly increased
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1.36 folds (565 + 133 vs. 767 + 132 ng/mL, p < 0.05). No significant pathological
observation was found between study and control groups.

2. The extent of absorption (AUCtotal ) of nalbuphine in SD rats were significantly
increased to 2.90 folds by SJY (39 + 12 vs. 116 + 16 hr*ng/mL, p < 0.001).The
Cmax of nalbuphine in SD rats were also significantly increased 3.31 folds (18.0
+ 7.4 vs. 59.6 + 25.7 ng/mL, p < 0.05). No significant pathological observation
was found between study and control groups.

Conclusions:
Significant drug-drug interactions were found between Chinese and Western
medicines.

Keywords: CYP450, UGT, drug-drug interaction
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reaction) 2 = 4 & J&(phase II reaction) > = f&# 4] % ¥ A = F-K 2 % 38
B IfIER R DR

AL ¥ i H § i pr(mixed function monooxygenase) #_f F %8 p
phase I reaction#i & fix% > @ CYP450R| >t e 2 » » i&»{;r’
CYP450 > CYP450 reductase » cytochrome bS53 # % 3-v f F e g (L
B R E-KfEF J& > @ phase II reactionp] i & % ¥ & &~ J&(conjugation) »
¥ AR%A - % 0 H ¥ glucuronidation ~ sulfation % glutathione
conjugation= fa & 5 ¥ L o

Glucuronidation #_%§  # i & ¢fphase Il reaction > £ 3 $& B it
7 £ (catalytic capacity) > & T § X FER M 4 pF > SFEADT HiF
- A g E $ 4 8 5 glucuronidation s ik Bk 47 £_d pE kv fiE % (UDP-
glucuronosyltransferase, UGT) L1t < " 4% * glucuronic acid ™ A1) = 3.-K %
e o @ g glucuronic acidP] k p 3t - % i £ ¥ B 42 UDP-glucuronic
acid (UDPGA)' » sulfation %2 glutathione conjugation R & ¥ fit % & ¢
phase II reaction’ § ®P X FER BB > TP N A AR A& LR T >
m;ﬁfkl”b‘kﬁ*%ﬁ?" g o
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LR

-~ REKA
(- ) ikAp & 47 8 B F o &R A 47 % SL(LC/MS/MS) -

1. Shimadzu HPLC /% 4p & 47 & st :

Central controller x1 (SCL-10Avp)

Autosampler  x1 (SIL- 10ADvp)

Pump--------------- x2 (LC- 10ADvp)

Column oven------ x1l  (CTO-10ASvp)
2. Column: 3um, 50x2.1 mm, Cyano reverse phase column (Hypersil )
3. (ABI API3000)# 2 3" &+ ik

(=) #e

I

).y

(._

Sorvall*RT7 3 i# .« ¥

-~ #F

Nalbuphine B p Cerilliant™; Midazolam, 1-OH-Midazolamp# p Sigm®

- kiEY #
il F o1 R EEE > gl D EP329501
4 EpEE S pE L EG614502

MR AR
) Midazolam % 1-OH-midazolam4 7
1. HPLC/MS/MS £ i % 2k %
B B s kg k47 F ¥ &k (Liquid Chromatography /Mass/
Mass LC/MS/MS, API 3000 triple-quadupole mass spectrometer
equippe with an ionspray LC/MS interface):& {7 4 47 :
(1) §Ti# : LC-10 AD VP series Binary, Shimadzu, Japan.
(2) p # /25 B : SIL-10AD VP, Shimadzu, Jopan.
(3) 5 * API 3000 LC/MS/MS with Analyst 1.4, Applied
Biosystems.
(4) ¢+ : Hypersil® C18, 3um, 50x2.1mm, Thermo Scientific,
U.S.A.
(5) # ¥ 4p : 0.1% Formic acid in water: 0.1% Formic acid in MeOH
=45:55 (vIv)
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(6) /i 0.3 mL/min
(7) i SR8 A% 1 10uL
(8) » #7 FF A : Smins

(9) Ionization mode:
ESI

(10) Ion Spray Voltage (IS): 5.5 kV
(11) Curtain Gas (CUR): 11

(12) Nebulizer Gas(NEB): 10
(13) Temperature (TEM): 375°C

(14) Collisionally Activated Dissociation (CAD): 8
(15) Multiple reaction monitoring (MRM)
parameter
(16) midazolam * &t + :F # 5 3263(m/z) » &+ &+ F #& 3
291.2(m/
z); 1-OH-midazolam* #g 3 :Z # % 342.1(m/z) > + 3+ 5 H 5
324.1(m/z) ; p %4 % E-(internal standard) flunitrazepam=*+ g
FESE L34 (m/z) 0 F AT EH 5268 (m/z) o
2. F R Rk
W IZh B > P50l B ]#% s de x 50pLz po3n
# & 2 (internal standard: Flunitrazepam 10ug/mL)% Iml:dichlor-
methane/ether(3:7, v/v) > B T 44 4815 > 112900xgdr < T 4 45 »

#
Yo 15 2 Jfﬁr‘;“ *-80C k#0204 48 > & F B R > 50T
THI* o B SrREc 0 ¥ 3mL T FE/ mini-Q-R(1:1, v/v)ia f#
© ¥z %;% 2 Jfﬁ &= » B~ 50uL & & 2 HPLC-MS/MS 4

7 oo

3% W YT
P~Midazolam stock solution Img/mL 20uL+c » dilute solvent
(plasma) » ™2 B 7| 7]?1}',-% T— B ER 5 510000 ~ 8000 -
6000 ~ 4000 ~ 2000 ~ 1000 ~ 500 ~ 100 ~ 20ng/mL > £ 4¢ » 50uLp
i"“fﬂ 1 &-Flunitrazepam (10ug/mL){s ¥4 2900xg#t~ 54 44 » B~ i
A » LC/MS/MS > i midazolam % p $R4% & & crgd & 5 ff v
IE’
BHAPHER B > P ERER T Y R TR R G L (standard
deviation, SD) ~ % £ % #(%CV) 2 £ 4 (Werror) K %75 A 7 = %
SAFFEIL A B FERL B SR B R B R RS ML A

14 (linearity) B 7% » T fE»cl p B (Intra-day)% £ P R (Inter-day) =
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S

P~1’-OH-midazolam stock solution 100pg/mL 50uL+4r » dilute
solvent (plasma) » 14 & 7| ff-f# i¥ - PHEER KA L 25250~
500 ~ 1000 ~ 2000 ~ 3000 ~ 4000 ~ 5000 ng/mL » £ #¢ » 50uLp
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ML B Flunitrazepam (10pg/mL){$ 12 2900xgdf < 54 45 > B~ F
7t » LC/MS/MS » 12 1°-OH-midazolam % p 3845 3 5. e 4%

B RS AR R TR ERERE Y A T R

# (standard deviation, SD) ~ % £ % #(%CV) 2 % £ (%error) k %
CAR SERRER ALt A A Y S cARNE G SRR UL A A
B A2 A (linearity) B % 0 Fxsc e p R (Intra-day)® & p R
(Inter-day) -8 # & o

I ~HE-RMEY RS FCrhy § 1) HRECYPIAAR IS F
(midazolam)z_ # 3~ % & &£ 5%

hiFd Pk S HSDrat)f#&- p > rdles REC
PR 078 2 f» midazolam 20mg/kg (2 %)k B Smg/ml) » F & e+ &
yﬂbﬁmm%ﬁui',»ﬂﬂﬁwmﬁf’mmgwﬁﬁﬂ A
T FIRY R E S5 (0335 /20 7HE) o ez F 5 e B

s

0, 2,5, 15, 30, 45, 60, 90, 120, 18022404 45 p * © w\}},%‘aﬁ ¥ P-n 0.3ml
sv ~ 3§ & 2. %% (heparin) > J4 A oF G o JUF AZ B iR oo Ko iﬁ“iév BLS
B -80C kf8i4 B o o RS IE S 2 ‘E!L%?Fq* PRFHRE A RA
A iR A T 0 4% $ (midazolam) 2 H 5 CYP3A4 & @4~ (1-OH-
midazolam) &+ B8 PN SEPF R 0 it 2 718 0 ¥ 12 WinNonlin 4 7 #£
rigfas X RN B E S ST NEL L BN 'rfw}'u]’(~év\
o RRE #E"f B PR A B PR BRR| 2 (s en% i T E - b o o

P ErLY EEUME T BHIRT A S T TR o

A~H-HE "#q*lkifﬁ" 2 (& 5 A)EPREUGT2B7 & #H;\ # 3

(nalbuphine)z_ & 3= % & ;2 5%

BEFHFFHRL T A HSDrat) RS- p o pdles K
PRX A $505% % 37 Nalbuphine 20mg/Kg (73 *tQ-k » 20mg/mL ) - F 5% &
SRV MEEPRY A (AR E) BRI A FEORELPER
T A W-I FIR* FEH5E (0.175./2>T7HE) - ez §&% 250Kk
{6 - X &%75300.25,0.5,0.75,1,1.5,2,3,4,6,8, 12224 ] FF » p ~* v &
F 0% B n 0.3mlT 4 ~ if § 2 9% % (heparin) » M4 fF b sEa o JIF A2 B iR
B s ?]7%4\%@#?9 BAr-80°Crk4a4 ok o i iR iR S IR AR P
KRB A IRARA 1T KR DA 473 2 H05% # 4 (nalbuphine) & < BB 4
B RS A 4975 0 T I WinNonlin A 4945 455 4+ 25 % RN i 6
F 5l 7WIFEEL TS P 3T A s R PR B R
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FHpR P BRI A2 ST - b d TR arin Y 2R R
,ﬁﬁ#—% m-ﬁ‘f Kﬁi,ﬁ,'gﬁ o

CRERR

Tl iR SR GEY B2 0 BT RF M ey PR
RS EES &3 R S AP S A3 Lt T
BT (8 2 R R A o K ok B R CA LS 2 R 0 10%RR L # iR
B2 A58 HRF TR > paraffine 2@ > FHE-F 2 FE Y 2 Sum
Bz *» 5 > § rZhematoxylin, eosin% periodic acid Schiff} ¢ & ¥+ &
TR % o ¥ rh s BT 3 RAE R M B LY cacodylate
6wz (0.1M, pH7.4)75 % » £ *+20% aqueous osmium tetroxide & T1-] ¥ >
# ¥ v graded alcohol®i-k I & 32> Spurrfit?y ¢ {8 2 FH £ M HET
7 2 R AZE B > £ Muranyl acetate¥?lead citrate% ¢ 0 EITAF 2. E R #-12
transmission electron microscope (Hitachi 600, Hitachi Co., Japan) % P I
BLE o Bisd HIE ¥ E'FF  Modified Histological Activity Index (Modified
HAD) 2|3 354 » e 48 fed - H HAIA $cdd 3 0 4 dcd [10-20

AR
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PN
- ~ Midazolam% 1-OH-midazolam 4 47 = ;% 5%
(- ) Midazolam
Midazolam>* < & & x "FJ% ¢OR T2 AR SR R R 20~
10000ng/mL » &% & 5 E p F (n=6> 4r@- ) L‘sﬁl\']ﬁ_ﬁﬁﬁ? ' TIE &
0.9997 » BEom A 47 J St * ok R R SRR R L H
% A& (precision, CV)& % £¢ & (accuracy, 9gerror)’y 159 R € i [l 2
PRNICE S
Midazolaméa $7FE 2% 3% > ¢ 32 LLOQ (20ng/mL) ~ LQC
(50ng/mL) ~ Medium QC (5000ng/mL) ~ High QC (7000ng/mL) = #& k
B HEEFPRFMmM=62%Ep F(n=6)2 % & (precision, CV)£ B zx &
(accuracy, Yperror) ¥ 159 R T2 b 2 dod = -1frk = -2 -
(= ) 1-OH-midazolam
I'-OH-midazolam*" = ¢ & ¢ ] T2 o SRR £ F 5
25~5000ng/mL - %4 58 p F (n=6> 4r@ - ) 2 Mt Ep? ’
riE % 0.9999 > Aor A A dr kAR GURR BRI RIEM G
¥ o o B R (precision, CV)£ ® zx & (accuracy, Yperror) 'y 159 3R 2
FEZp ok = oo
1'-OH-midazolam 4 #7 Fe»2 % 78 » ¢ $£LLOQ (25ng/mL) ~ LQC
(50ng/mL) ~ Medium QC (2500ng/mL) ~ High QC (3500ng/mL) = #& k
BoHEFPEFEmM=6)% B p F(n=6)2 # % & (precision, CV)¥ & zx
& (accuracy, Yperror) ¥ f15% R LR P > drd e -lfrd 2 -2 ¢
Bl = ¥ & 1'-OH-midazolam£? 4-OH-midazolam 4~ + & fp ¢ » e 5 d
LC-MS/MS ¥ 12 #-1'-OH-midazolam ¥ 4-OH-midazolam 4 &t > » Fg:d
B B 1P % 2. 1'-OH-midazolam & & ¥ 2£1'-OH-midazolam ¥? 4-OH-
midazolam,fr2_Jk & °

S~ E-HEY RS F(rid § 1) H RECYPIA4N S F4

(midazolam)z2_ § 3~ % $ 35 5%

Midazolam : 3 »c% R 44 & > midazolamafp 32 & § 5 d
CYP3A4 i # % 1-OH-midazolam » #&x CYP3A4 7% 4 ¥ midazolam % 48
R £ 7 B E B o X354 i Hmidazolam N #F o ¢ F
PIEH AR PR ECYPIALE L EF R B2 e § 1 (9583
Z23%) o 4Bl %> T 0 F 4 v B v fRmidazolam 0 B PFES S H H
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£(0.33g/kg)drip & 1 {6 0 ~ v BHEP Z’]{‘ 2. midazolam% H X #Hi~
1-OH-midazolamk & 32 ¢ B ¥ 2 % » @ d % = 2 midazolam# + ¥ %4
ﬁcﬂp » midazolam#¥ p & 3 ,};E‘,(Cmax)d ) el 35 £+ 0.25ug/mL o é_
HAER* oipr w16 > ¥ 3 1221 £ 0.74pg/mL (p<0.05) -
%\» BN 3B i B hAUC,,, 0 Bl d 423 2 114.8 + 35.6 min*pg/
 HAB IR & A o 9‘1&?#4%;2367+620min*pg/mL (p<
0. 001) v AR R A i 2.061 5 A R E N B f;mn}MT ¥ Hp
(t,p) > d #2571 £ 16.0 min > B EPR* g § 1 16 0 BED
633+ 133 AN 2 HFLE > wipd F L HEARAEH 20 B
femidazolamehay 4 o ¥ ¢h > d & = kg o BRI g 1 # @ R
# 1-OH-midazolam =% § &k B (Cmax)d ¥ 4] %2 5565 + 134 ng/mL - &
¥4 % 2767 + 132 ng/mL (p<0.05) ; AUCM s Bl d g e 501 + 8.3
min*ug/mL > % %2 3 1 69.6 £ 9.9 min*ug/mL (p<0 005) » 3 40 :£1.39
B ood 0¥ &> X B iH PRmidazolam% Frip e § L BV i € E 2 FH R
TiER om A4 Erg e

CH-REF T REY FEHAH)EHIREUGT2BT & #Hics" &F 4

(nalbuphine)z_ & 3= % & ;2 5%

Nalbuphine 3 v% r2257 58 s 487 &) > — % 32598 b F 2 B
BRI 2H B2 ESHple ond B A& R 5ot rdg] o
Nalbuphine % %2 p 2 & §_% d UGT2B7 * #f 5 nalbuphine-3-glucuronide »
= UGT2B7 7% 14 $tnalbuphine = I ph e FHp 8P € 53 B F 2 5 o A 3H
% ¥ #nalbuphine 5 #-5;V % > ¥ FPEH HUGT2B7T A7 B EF H E2 &
A (95#FFF %) o 4eB N1 0 F * ¥ B v JRnalbuphine » F pF
#3 EHEO17gkg)d F 4% 0~ 9 RMP & H2 nalbuphinedk & § &
¥ % » @ d & ~ 2 nalbuphine® 4 § %-#ck 5 - nalbuphine#f p 5 3 Ik
B (Cmax)d #4218 + Tng/mL » A HE HER* & F 48 - FLF
360 + 26 ng/mL (p<<0.05) ° % & 4} % Jc & chih £ cHAUC,,  Bld 42
#)2:939.0 £ 11.6 hr*ng/mL » B &R IE™ & § 4t » ¥ L 33111324
16.1 hr*ng/mL (p<0.001) > *~ g3 4e e f:£2.9% ; A A & BH R dhE B
PR L R (t,) 0 9 Hd e 292 £ 1.86hr 0 B MR IR S F AL R
$I415+3.020 AT AV HMEFLE > FTHAMAEH L0 R e
nalbuphinesiie 4 o d pL ¥ &> A JB FJ;inalbuphlneﬁ IR TN A TR
NEHILIEF A AL R o

I
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r ~ HRACI | 1 2 midazolam¥t + 6§ BRI 2 L4

2 Modified Histological Activity Index (Modified HAI)®| 3§ =4 ¥ i
¥+ midazolam2_ ¥4 2 %2 F PF 4 midazolamZ% ¥ & & wip £ 1 2 F
2w > HHAI scores % % 1.50 + 0.84% 2.00 + 0.00 » r2Kruskal-Wallis test
2 Mann-Whitney test4 +7 = 2z £ R > 2% # RS 22 HAI scorei 7
lELR

¥d4 B4 3+ _i;}”‘;%n}‘egﬁdﬂi—‘m%\;*)’”%—% ’;”E‘ééﬁz‘iportal
area (bile duct, portal vein, hepatic artery)z‘ central vein (CV) > m¥%s 2
morphology=& Rk s m EA T %L e 1 22 B Lt=32 L2 %
7 > fecentral vein (CV)*fiT RI# R 5 & X, m”?i‘a (R B )T % o
d PR 4o W JRmidazolamZ Arip o L H <0 RAFEEE G -
e B g d oo

I ~ ®JR% § 4 % nalbuphine$t % ¢ EIFHEE R 2 F R

2 Modified Histological Activity Index (Modified HAI)®| 3§ =4 ¥ i
4 % nalbuphinez_ ¥ 4] % % & P¥ % 3 nalbuphine 2 H #| ¥ & § 402 9 %
2 » HHAI scores %] 5 1.33 + 0.82% 1.00 + 1.10 » 12 Kruskal-Wallis test%
Mann-Whitney test4 +7 = 2 /2 Z £ » F %% IR 22 HAI scoreil 7 &
FLR o

Y Bl D ZpdlediTede s kg 0 gk Aportal

area (bile duct, portal vein, hepatic artery)z central vein (CV) > ‘m¥%z 2
morphology3= & £ @ EHE LT 42 W- L1 -+ kF o
i ECVHITE 1B % Lim s s T o b & SREd ma  o d 01
BL% ¥ 4o # JRnalbuphine 2 & A M X ¢ RFERL 7 € F BF G
F o
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[ W XIC of ~MRM (2 pairs): 212.0/268.2 amu fiom Sample 49 (3-30)
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Control Group: Midaz 20 mg/kg (n = 6)
Study Group: Midaz 20 mg/kg + ZBDHW 0.33 g/kg (n = 6), SD rat

—&— Midazolam 20 mg/kg

= 3000 7 —6— Midazolam 20 mg/kg + ZBDHW 0.33 g/kg
E 2500
& 2000
g 1500
S 1000
M=)
S 500
0
0 50 100 150 200 250
Time (min)
Control Group: Midaz 20 mg/kg (n = 6)
Study Group: Midaz 20 mg/kg + ZBDHW 0.33 g/kg (n = 6), SD rat
—&— Midazolam 20 mg/kg
10000~ —6— Midazolam 20 mg/kg + ZBDHW 0.33 g/kg
E 1000 | * \
E
~ 100
g
<
= 10 F
<
S |-
=
0.1
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Time (min)

*P<0.05, ** P<0.01, *** P < 0.005 (statistical analysis: t-test), Data: mean £ SD
BlZ + B v fRmidazolami# PR % ¥ JRv4p # § 1 ¥ H midazolamus. ¥
ERZFED (IR - HEE TR EHEKEE)
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1-OH Midaz in SD rat
(Midaz 20 mg/kg vs. Midaz 20 mg/kg + ZBDHW 0.33 g/kg)
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Midazolam 20mg/kg vs. Midazolam 20mg/kg + ZBDHW 0.33g/kg
1-OH Midazolam / Midazolam conc. ratio vs. Time
LEO [ —A— Midazolam 20 mg/ke
—6— Midazolam 20 mg/kg + ZBDHW 0.33 g/kg

1.20

080 -

Concentration ratio
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Bl- =~ & v JRmidazolam® PR 7 & JRAv4p #+ 5 1 ¥ H 1-OH-
midazolam/ midazolam (midazolam ¥ #+ ) 2. #2 55(* p <0.05; **
p<0.01)
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Nal 20 mg/kg vs. Nal 20 mg/kg + SJY 0.17 g/kg in SD rat

—&— Nalbuphine 20 mg/kg
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Bl 4

nidazolamz2_ =~ v &9 P"H&EAX 7 B ~ 1% 3100

% ; PA: portal area (bile duct, portal vein, hepatic artery); CV:

central vein

B+ H rR* midazolamz + v &3 P H&EZ ¢ B » 2+ & %200
% 5 PA: portal area (bile duct, portal vein, hepatic artery); CV:
central vein
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400% ; PA: portal area

400% ; PA: portal area
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B L - : 5
1007 ; CV: central vein; PA: portal area

B+~ JBPE* nalbuphinez ~ v &3> » H&EZ ¢ ] 2

200% ; CV: central vein; PA: portal area
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% - ~ Midazolam>* < & x. ;J‘ e Bp 2 &Ry REdp(n=0)

Actual Measured concentration (ng/ml)
Cone. Mean D CV | Accuracy
No. 1 No.2 No.3 No.4 No.5 No.6 | (ng/ml) (%) | (%oerr)
(ng/ml)
20 20.1 20.5 20.6 20.2 19.7 20.0 20.2 0.3 1.7 0.9
100 98.1 87.0 85.8 94.6 108.7 | 101.2 95.9 87 | 9.1 -4.1
500 4397 | 510.1 | 491.2 | 488.0 | 495.1 | 4853 | 4849 | 238 | 4.9 -3.0
1000 | 1058.9 | 978.3 | 947.4 | 969.2 | 1026.3 | 1057.1 | 1006.2 | 47.7 | 4.7 0.6
2000 | 2134.8 | 1975.7 | 2123.0 | 1968.0 | 1990.1 | 2049.2 | 2040.1 | 74.5 | 3.7 2.0
4000 | 4132.3 | 4249.7 | 3960.6 | 3983.2 | 4119.7 | 4141.6 | 4097.8 | 108.2| 2.6 2.4
6000 5990.1 | 6160.9 | 6482.3 | 6612.5 | 5985.2 | 5778.5 | 6168.3 |320.4| 5.2 2.8
8000 7889.6 | 7802.2 | 8063.9 | 8032.0 | 7793.4 | 8029.0 | 7935.0 | 122.1| 1.5 -0.8
10000 | 9888.5 | 10540.6 | 10429.0 | 10104.5 | 9172.7 | 9364.2 | 9916.6 | 556.1| 5.6 -0.8

# = -1 ~ Midazolam** ~ & %7 F p & 2 &3 1 %(QC sample) & LC-

MS-MS 4 45 F& »c B 2 & % (n=06)
Actual Measured concentration (ng/ml)
Cone. Mean SD. CV | Accuracy
No.1 | No.2 | No.3 | No.4 | No.5 | No.6 | (ng/ml) (%) (%err)
(ng/ml)
20 21.7 | 214 | 16.0 | 20.8 | 17.7 | 19.1 19.45 | 2.27 | 11.67 2.75
50 432 | 42.8 | 41.4 | 52.6 | 44.6 | 49.8 4573 | 4.44 9.72 8.53
5000 | 4840 | 5130 | 4760 | 4810 | 4850 | 5120 @ 4918.3 | 163.1 | 3.32 1.63
7000 | 6780 | 6450 | 6700 | 6830 | 6320 | 6720 @ 6633.3 | 202.0 | 3.04 5.24

4% = -2 ~ Midazolam*® + & 1. J“F% ¢ R P2 5 S LC-MS-MS A 47
FEP2 B 7 5% % (n=06)

Actual Measured concentration (ng/ml)
c Mean D CV | Accuracy
onc.
No.1 | No.2 | No.3 | No.4 | No.5 | No.6 | (ng/ml) (%) (%oerr)
(ng/ml)
20 17.3 | 16.7 | 17.9 | 20.6 @ 16.1 | 153 | 17.32 1.85 10.66 -13.42
50 49.3 | 383 | 48.4 | 45.6 | 45.1 | 41.6 | 44.72 4.16 9.30 -10.57
5000 | 4890 | 5160 | 5020 | 5080 H 4900 @ 5140 | 5031.67  116.69 | 2.32 0.63
7000 | 6900 | 6790 | 6970 | 6360 | 7000 | 6540 | 6760.00 | 257.14 3.80 -3.43
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# = ~ I'"OH-midazolam*> + & Jt ¢ & p & (Inter-day)2 #3F ¢ Sy

(n=6)
Actual Measured concentration (ng/ml)
Mean CV | Accuracy
Conc. SD
No.1 | No.2 No.3 No.4 No.5 No.6 |(ng/ml) % (%oerr)
(ng/ml)
25 24.9 25.1 25.0 25.1 25.2 25.1 251 101 ] 03 0.3
250 2722 | 2414 | 244.0 | 244.1 @ 238.8 | 2441 2475 |123| 5.0 -1.0
500 4213 | 485.7 | 502.5 | 478.6 @ 4784 | 478.6 @ 4742 |27.5| 5.8 -5.2
1000 | 1027.5 | 973.1 | 1040.6 | 1044.4 | 980.5 | 1044.4 10184329 3.2 1.8
2000 |2009.3 | 1977.8 | 1999.4 | 1960.1 | 1994.1 | 1960.1 | 1983.4 |20.8| 1.0 -0.8
3000 |3057.0 | 3076.1 | 2977.0 |3012.0 = 3085.7 | 3012.0 | 3036.7 |42.8| 1.4 1.2
4000 |4105.2 | 4138.2 | 4002.5 | 4086.7 | 4201.1 | 4086.7 | 4103.4 |65.6| 1.6 2.6
5000 |4965.2 | 5178.8 | 4921.9 | 5064.1 | 5126.4 | 5064.1 | 5053.4 196.3| 1.9 1.1

-1 ~ 1'-OH-midazolam** + & i ;J‘ BY e p 2 5 i 5(QC sample)
& LC-MS-MS 4 44 7 #2525 % (n=6)

Actual Measured concentration (ng/ml)
C Mean SD CV | Accuracy
onc. .D.
No.1 | No.2 | No.3 | No.4 | No.5 | No.6 | (ng/ml) (%) (%err)
(ng/ml)
25 29.6 | 29.5 | 25.8 | 26.6 26 | 25.6 27.2 1.9 6.9 8.7
50 45.6 = 49.5 | 48.1 | 51.7 | 48.4 | 56.0 49.9 3.6 7.2 -0.2
2500 | 2400 | 2550 | 2460 | 2390 | 2410 | 2520 | 2455.0 67.2 2.7 -1.8
3500 | 3540 | 3490 | 3670 | 3490 | 3440 | 3560 | 3531.7  79.9 2.3 0.9

7.2 -2 ~ 1'-OH-midazolam?" = & J“F% ¢ R p RS RS 2 LC-MS-MS
A A5 FE PR 7 % % (n=6)

Actual Measured concentration (ng/ml)
c Mean SD CV | Accuracy
onc.
No.1 | No.2 | No.3 | No.4 | No.5 | No.6 | (ng/ml) (%) (%oerr)
(ng/ml)
25 229 | 22 | 264 | 284 | 25 | 225 24.5 2.5 10.3 -1.9
50 482 | 51 | 522 | 46.7 | 52.1 | 51.1 50.2 2.2 4.5 0.4
2500 | 2490 | 2410 | 2560 | 2380 | 2440 | 2470 | 2458.3 | 63.7 2.6 -1.7
3500 | 3710 | 3470 | 3700 | 3490 | 3610 | 3800 | 3630.0 | 131.0 3.6 3.7
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% = ~ BHPRp # % 1 (ZBDHW)# + & v JRmidazolamZz. midazolam %

L 4 ;5
il S (ST U

A) . ®) Ratio P val
PK parameter Midazolam 20 mg/kg Mlzdgf)olflavlvn g(;;n gg//ll((gg * of (tfttsl:;

(n=06) (n=6) B/A

k (1/min) 0.014 £ 0.003 0.011 £0.003 0.89 0.381

t,/, (min) 57.09 £ 15.96 63.301£13.34 1.11 0.482
Tmax (min) 20.83£14.29 22.50£12.55 1.08

Cmax (ug/ml) 1.35£0.25 2211074 * 1.63 0.036

AUC,_,, (min*ug/ml) 107.18+33.12 218.09 + 62.55 ** 2.03 0.006

AUC,_, ., (min*ug/ml) 114.77 £ 35.63 236.65161.97 *** 2.06 0.003

Vd/F (L/kg) 15.51+6.19 823+2.76* 0.53 0.034

CVF (ml/min/kg) 187.61 £ 52.95 89.65 £ 24.82 *** 0.48 0.004

MRT (min) 92.811£22.61 103.25+16.20 1.11 0.382

*: p<0.05; **: p<0.01; ***: p<0.005; Data = Mean t+ SD

% = ~ HJRFrp + § 1 (ZBDHW)¥ = & r JRmidazolamz. # ¥4~ 1-OH-

] Il s
midazolam# # % #c B’ X

@) Midazol (B;O kg + Ratio P value
PK parameter Midazolam 20 mg/kg lzsg)ﬁa‘lvn 0.3:1 gg//kgg of (t-test)
(n=6) =6 B/A
k (1/min) 0.015 £0.005 0.018 £ 0.003 1.20 0.244
t,,, (min) 49.46 £ 12.62 39.70 £7.05 0.80 0.138
Tmax (min) 25.00 £15.49 32.50£11.29 1.30
Cmax (ng/ml) 565.33 £133.50 767.33 £ 131.69 * 1.36 0.025
AUC,_,; (min*ug/ml) 46.97 £8.31 67.36 £9.42 *** 1.43 0.003
AUC,, , (min*ug/ml) 50.08 £ 8.34 69.59 £9.94 *** 1.39 0.005
MRT (min) 83.96 £ 15.31 75.32£9.65 0.90 0.274

*: p<0.05; **: p<0.01; ***: p<0.005; Data = Mean t+ SD
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F N~ H IR % FA(STY)$ ~ 8 v fRnalbuphine2_ nalbuphine % &+ % #c

fgﬁ
) Nalbuphi (B;O /kg + Ratio P-value
PK parameter Nalbuphine 20 mg/kg a lSl.l;Y“(;?l 7 g/nll(gg g of (t-test)
(n=11) @=5) B/A
k (1/hr) 0.35%0.21 0.29%0.25 0.84 0.676
t,, (hr) 2.92+1.86 4.15+3.02 1.42 0.436
Tmax (hr) 0.48£0.24 0.60£0.34 1.26
Cmax (ng/ml) 17.97%7.45 59.56 £25.74 * 3.31 0.021
AUC,_, (hr*ng/ml) 35.62111.48 103.93 £ 14.50 *** 292  <0.001
AUC,_,, (hr*ng/ml) 39.00+11.63 113.19 £ 16.05 *** 290 <0.001
Vd/F (L/kg) 2179.14 £ 1229.97 1041.55 + 681.95 * 0.48 0.034
CVF (L/hr/kg) 578.46 £266.85 179.59 £25.72 *** 0.31 <0.001
MRT (hr) 4.02+2.39 7.08 £4.60 1.76 0.220

*: p<0.05; **: p<0.01; ***: p<0.005; Data = Mean t SD
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