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Effect of Phenobarbital on the Hepatic Clearance of
Diltiazem in Isolated Rat Hepatocytes
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Kuunggi-Do, Korea 449-900, Korea
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In order to study the effect of phenobarbital(PB) on the hepatic transport of diltiazem(DTZ),
Ca® channel blocker, we used isolated hepatocytes of rat which was intraperitoneally pretreated
with phenobarbital sodium(75 mg/kg) for four days once a day. For the isolation of rat liver cells,
a modification of the two step procedure of Seglen was used. DTZ was dissolved in incubation
buffer to the final DTZ concentrations of 200, 400, 600, 800 and 1000 ng/ml in order to elucidate
the uptake characteristics of DTZ by hepatocytes. Reactions were stopped at 10, 20, 30, 45, 60, 90,
120 and 300 sec. The initial velocity was determined by disappearance of diltiazem in the hepa-
tocyte suspension. On the other hand, to determine the effect of PB on the in vitro hepatic in—
trinsic clearance of DTZ we obtained the metabolism rates of DTZ in the control and the PB-pre-
treated rat hepatocyte at various time intervals. According to pretreatment with PB, the size of
hepatocyte and the amount of protein per 10° cells were significantly (p¢0.01) increased from 26.
92+0.1364 m to 35.31-£1.00 m and from 468+6.5 ng/10° cells to 628.8+12.1 ng/10° cells, respec—
tively. In the case of hepatic uptake of diltiazem, K, was not different in the normalization by
cell numbers and increased from 2.90 1M to 13.89 UM in the normalization by protein amount.
Vmax Was increased regardless of normalization by protein amount and cell numbers, from 1.21
pmole/min - mg protein to 3.96 umole/min - mg protein and from 2.38 pmole/min - 10° cells to 2.83
pmole/min - 10° cells, respectively. The in vitro hepatic intrinsic clearance of DTZ was sig-
nificantly (p¢0.01) increased from 0.640%0.038 ml/mim - 10° cells to 2.38540.212 ml/min - 10° cells
due to PB-pretreatment. These results suggest that the uptake of DTZ by hepatocyte is ex-
tremely fast and PB enhances the hepatic intrinsic metabolic clearance of DTZ.

Keywords— Diltiazem, Phenobarbital pretreatment, Hepatic uptake, Hepatic intrinsic clearance,
Rat hepatocytes.

delol (A4, o138t DTZE $he 43w dx 2] ke 2 A vhg o] dAERE B3y
BET Axhf2e] dgole fBEE AT N-monodesmethyldiltiazem(M,), desacetyldiltia-
2A FAF n¥Eet A 2 HEE 59 e A zem(DAD), desacetyl-N-monodesmethyldiltiazem
FBA A 8o de] AMgse AedPA =’ (M), desacetyl-O-desmethyl-diltiazem (M)}
AR 559 A tiAlEe] 4 B aMgE 54 desa-cetyl-N.O-desmethyldiltiazem(My) S+ 22
2 1 dARIE YRTETa elA o wg g3l ©l2 F MASH DAD= A
DTZe 2oiddsl, N-2udsl o-gvds} Wan off slojr WE B B a9E Veitka B
T =Fof @3 Eol= o] Aol AR

33



34 ol 88 . o Fw - molu)

950} glrt.

hEA0l ZHPALEA #5421 phenobarbital(PB)
2 X AR|ETE Py, ASFEASA 9} of 2¥]
FA? & SEFEN HolgA0 e THELES
2437 B ol I8 HS B HERSES 21
119217]7] W gl W LT i RS9 Zelo]
H2Z AsAIT)

g, o]0 S0l WA FE) Ao 51, PBE
DTZe DADZe] zhil ¥4< £3A7]4, DAD
7t B3-S 72AA DIZ2YH 84% DADY &
AP olP&wE M Fechn gt wet
A, o]#3 PRl &3} PBell 93 & HF 27}
A xE BErx 9zl oE hl uptakelt
release W3}R1QA], ofH o xE|EAle] A3}
S 23 gALEIRIA S FHE Dot AR

B ATdAe U Ea) 93 932 ujAS A
ElsiA] PRl &1 X S Wl DIz 2
Wl uptakeo] UlX|& da} PR g AL BA
Y= a7t DTZO) HhAle) w) R G8S vhela
A oz} PBAAN (75 mg/kg/day, 497t 87
W Fod) #3]9] B HE BAAL AMEsie
DTZ9) AW uptakeo] vlx)= Qg 7Hrialo)
XE 9% SEEHoz AEsyt oked,
PBRAA o] W T whlsrel wWslel zhax
7] M3l 5o 9% A nFsidth

Al wy

AleF & 719]

PB(LUEESY, digAlel, KP VI), DTZ(3 ks,
KP VD), dalt)as| ==l (4 9%, KPVD, ZeH
WA 1V, #lEdE, heptane sulfonic acid, N-(2-
hydroxyethyl)piperazine-N"-(2-ethane sulfonic
acid)(HEPES, o[ Sigmarl, v1=), triethylamin-
e(AldrichA}), Folin and Ciocalteus phenol
reagent(Shinyo Co., ¥4¥) ¥ HPLCE W&, o}
M EUEH (o] MerckAD, n-34H(Tediar}) 55 A
|3l o 71E Al EF 2 1F Al ARSI
31 FF4E Milli QMillipore Co., #=)dl E34A)71
18 megaochm-—cmE AHESIT)

AEAE 2 BA77]24 clean bench(KMC-
1400LS, Vision Co., ¥), ¥-&2(U3, JULABO,
£4), CO2 incubator(SW-900C1, Sugong Co., 3+
), masterflex pump(7016-20, Cole-Parmer Co.,

J. Kor. Pharm. Sci., Vol. 26, No. 1(1996)

=), 9418871 (HSL-05A, Hanil Co., 3=5), 29
A1 82]7](Eppendorf 5415, Brinkmann Instrume-
nt, Inc., 715}, Y4Ee]71(J-6B, Beckman, 93,
HPLC pump (Waters 501, Waters Co., U5), UV
spectrophotometer(Waters 484, Waters Co., ©l
), particle size analyzer (Mastersizer/E, Mal-

vern, 93), UV spectrophotometer(Kontron 930,

Kontron Co., 2912), #0173 A7 (Vicker 1td.,
9=), pump(DOA-VI52AA, Waters Co., W|=),
centrifugal evaporator (CVE-100, Tokyo Rikakik-
ai Co., ¥¥), autoclave(SV-240, Tokyo Roshi
Int'l Ind., €¥), hemocytometer(Neubauer, 5)
55 ARSIt

HEEE

= ed APFE AN e AT
100~150g9] Wistar 54 3AFHE 7 A= &
F3ta, B ARGAY AIEADE AR20) FF3
2501 BYZA(20~25°C, 50~60% RH)A AF
53 T A5 200~250 g WYY A& AMEEAY

AESES EX2|

PB 750 mg= Al 494 100 miof =91 & 315
kg% 75mg/10 mi¥ 19 13 49Uzt B 5o
PB AA2#"3 e wpio g Py gt B

ol gt

W Soig Yz ZoE Uio] AT F 7 BF
A% Fo] 3 A3t FANT e A9 S Wekelin.

ZHHI 2| Ei

X 2] WPHL Berry & Friend™®e] 22H &
FHo)) 7|22 T3, Seglen'™ P9 WPHE Wl
thest 2o whiom iyt AN BHS
pentobarbitalZ "FHAIZ] F, 4EH] B iodine
tincture® HAAFAT) BHo] FF5HE& A IFo
2 #9492 874 AHE iodine tincture2 453}
I, FEEZ TERE gy AFHE A
A2 olgiiR o2 dojulm el 7 Lol VoAl E
it Ag9le sl RN 242 BEAE

731, 18 gauge catheterE HFHEHU 2 A#s)

I % ZrEe) catheter® 319 0.22 um Mil-
lipore ¥ E3A1A Hadt AFAE S8 FA,
Trol ozt HEW, g 7HE A% el skl
We At #RE AL BHEAA hie "9
AAANZE. Masterflex pumpE AHE3l] BAFREE
£ 20~25 ml/min =R SR, F2ZE o
L3l BAHAY 2EF ICE FRAFE. 2 100



# &l AE gloiN delope] ZhgElold s viRE HAmutaugel 9% 35

ml Fxe| &EdE ARAZ g BAFE T8I,
A9 AAsle] JH 39 16 gauge cathet-
erE Aasta, s A& 236t o] F0.22
um Millipore =& FHAA Ead ZEAUA
(collagenase IV) ¢EHN& £3IAAH TAFE 3
o} o|uf 7o) Yol AV|Er) 28l = K¥-Ea, 2
7t ZEAE Aol S #AEW AFE SU3IS
o #AF7F Ed F 4FA8 100 ml velA¢ < 50
ml A% ¥ F G 7R g 38 W,
EEo] FuX A ES Bels) Ych?

¥ A ZoA 7F AAAEE ZA B S,
A E2jE LS QL) Wi 5258 AT
2 JlelAE FHoR Sl sl ods F
7He] AlgFho] Y51 50 gollA 5EEQ dAEE s,
BN AASATE TR XA & BRA] EAlA
N F 2e 2232 oF 28] Y WHEITE niR| A2
£ 5~8v/v%7} FIEE ARl o] 28 By e
ice bath “dellA sjajict ®

M| Z 2| viability

A2 viability S Z83hs WEPPL o2 7X)7t
AET A7ME trypan blue GRS AHEEGT)
Trypan blue 94 A2k 54| 0.4%2] trypan
blueE =21 § ZAE BIHIGTE AX BAA
300 plefl 300 pi&} AlekE 78t} hemocytometers:
olgate], dmZor WAslY viabilitys &34
o} ol&E A¥o) AMeHE HE BASL viability}
90% ©)’32l AL ALg3tdc).

CHNE Mg

A e glgeke [owry W7l whet 3 Zst
k.

X 37| &H

Particle size analyzer® ©]&3f Ml¥9] 7715
Z238). HA FAAE 24 cell Woll W, AlE
9] =717} 0.1~80 um= 4= o], 45 mm lensE &
Ak EakAlel E0ile EEEY M-S A A

71 A8l Tset zero, 2 W3, ZA cell Yol] 7HAE

=

A2 150 pl 713k ¥ w2 £33, Mdeal po-
sitionoll barg HAA1A A2 A71E AL
o, 2} 7 3 AYPS ele] HHRAE Falict

ZHM| T LY Uptake™

ME S A3 gajsle] E4kl 1 mid 3¢
A A7 10707 HE= sled 37 °CoAlA COy:
0,(95:5) AeiZ oF 58 F<t vt AlE ol

ZEAE widdE &7 F, o7l DTZE =91
HBSS (Hanks” balanced salt solution) €39&
7kste] A% DTZS) %71 200, 400. 600, 800, 1,
000 ng/mi7} H=% st vig 25 1€) 1 N HCl
< 718 =& Eppendorf tubeell 500 ple] 7HA X )
okl S 7+ A17F 10, 20, 30, 45, 60, 90, 120, 300z
271 @3t vortex mixingdte] ¥H3-2 EaPAH
t}. 2 % 1 N NaOHE 71814 pHE 6.0~6.571 =
A 3 F zddREIVE dAREE AR A
pellet2 E3EcE A 100 uE  FHstod
HPLCZ DTZ9 ¥=% 33t} 7Hhe pel-
letZe] ©lAZELe Lowry Bl whel 3 Fatich
aglm FAHE BAUE D177} uptakeHE S
iz PBAAzIwel ™3 Lineweaver-Burk
plotdte] wrlAekat Ax4=(10° cells) & 2tz &5
slalge}, E3 Aol Kot Vo2 o183t e
(D)4l W} k34 uptake ZF2]|AY 2 (Cliyyy,) #
= 73t
CLintup = Vene/Kin (ml/min mg protein or
ml/min 10° cells) m

ZHMIZELH CHAL

AE BN S HP3) 588t Ak 1 miT T
o] AF7F 10747F H=2 8le] 37°CollM CO,:0
2(95:5) AJElE oF 5 Feb wjslr). Al 3t
AE ot S 821 F, o719 DTZE =) HBSS ¢
ZFI& 713l #HE DTZ9 5271 500 ng/ w7t ==
2 3l9iet. v|g] p-dakoliold g e 2H(98:2) 5
miE 7] 2 AT 50018 X wjgAS
Z+ A1ZF 30, 60, 90, 120, 180, 300&° &71& <7t
vortex mixingdle] tAWF-E EFAIZH. olu 7t
AL vl Zo) iabdA] 3 S| el dol
e DTZ9 $52 o £ HPLC Wil 3%
Eiri=s

DTZo| Mzt

AT Badizel DIze] FwE o FP
HPLC Hhiol] wje} 3 &slsict.

RS0 AL ME

THE BANE o]gd ks talEeloldx
(CLiw® 3 ZAFH urdd A7 o
DTZ &A%E-AZALe] AFFEozHY

Singh §7¢] Wl wka} the (2)21el o3 Taigick

J. Kor. Pharm. Sci.,, Vol. 26, No. 1(1996)



36 o] 8% - 2FW - 1w

CLiim = (M EE/FEFE)
(ml/min - 10° cells) (2

olef tAtEEE AW AR A3t 7 A EAFH

ARZIHIA Qolz DIZ 2AFEAIZARS] A

Pyruozuy Jagon JBEEE 7 AlBAH
A7) A A Y] FBEEE onfsla ik

aa)m el dad arZeeles e 85 3t
1 g% 19924909 2 Z7} 208 a 7Fstn
3 kgBel AE 5% VIFoE Y T 3
TS o] 83l 83 ko) tuf URlETelAx
o g ¥F3Hnormalization)dtg o™ B AFA5ol
QA A8 B3 73 RSO3 v mapgich

2 1

ZHMIZEC| HENQ B2

Feld AR FelE A7) 32 ooz &
JatAch(Fig. 1. Fig. 1AL THEES Eejg A%
trypan blue® 4% 314 ¥n & ez 47
o} M=ot 2 EelEo] e AL gl 4= ik
Fig. 1B= trypan blue2 @43 43 52 Mxef
A Eete] £2d0] Qe AlFEe] AS- go] FaA 44
geg St

39 2el® 2T viabilitys AIE Relde
o] Alztel AAIglel £2EA AAHAE ©) 90% ol
A& veldlen e & A2 Ax Ansbd 50%
olstz "ol |

MLl 37| % Sl A g

29 A Ee] Z71E particle size analyzer®
ol&3le] 3% A7} vz PBAA AN 24zt
Fig. 2 2 3% 22 histogramZ 4& ¢ IJen,
PBAA ] oJald ZhAEe] FFA7|7}F 26.92+0.
1364 mellA 35.3141.00 m& 24 (p<0.0D) A =
7 & 4 ek (Table 1.

EE DAE Bad Fo] AZS [owry B
o what Eele] MEF(10° cells) 2 EF313 A7)
N EF dfdeo] PRANE ] 2l8] 468.2+5.6
ng/10° cells 626.3+13.9 pg/10° cellsZ 2143 (p)0.
0DSIA F7FHE & 5= UK (Table D).

DTZQ| Zt1S uptake E2|0{EHA

J. Kor. Pharm. Sci, Vol. 26, No. 1(1996)

Figure 1 — Photograph of rat hepato-parenchymal
cells from rat.

Key : Ainormal parenchymal cells, B:parenchymal
cells treated with trypan blue dye for viability test.
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Figure 2 — Histogram of particle size in the control
rat hepatocytes.
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Figure 4 — Effect of phenobarbital pretreatment on dil-
tiazem disappearance in hepatocyte suspension by
Lineweaver-Burk plot normalized with amounts of
protein.

Key : ®:Control, 0:PB-pretreated.
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Figure 5 — Effect of phenobarbital pretreatment on dil-
tiazem disappearance in hepatocyte suspension by
Lineweaver-Burk plot normalized with 10° cells.

Key ! m:Control, 0.PB-pretreate.

Table 1 — Effoct of Phenobarbital Pretreatment on the Particle Size and the Amount of Protein in the Liver

Control PB-pretreated
Liver weight(g/kg body weight) 33.27+0.77 42.42+1.19
Particle size(pm) 26.92+0.14 35.31+1.00°
Amount of protein{ug/10° cells) 468.20+5.63 626.31+13.94

"Mean=S.E. (n=6)
p<0.01
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Figure 6 — In vitro metabolism of diltiazem by rat
hepatocytes. Each data point is a mean of three ex-
preiments. SDs are shown by vertical lines.
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Table I — Normalized Kinetic Parameters of Diltiazem by Lineweaver-Burk Plot in the Isolted Rat Hepatocytes.

Protein(mg) Cells(10%)
Control PB-pretreated Control PB-pretreated

Ka(pM) 13.89
V. Wmole/min) 3.96
CLisw(mi/min) 417.24 285.10
Table III— /N vitro and in vivo Hepatic Intrinsic Metabolic Clearance of Diltiazem’”

Control PB-pretreated
CLinn(ml/min - 10° cells) 0.640+0.038 2.385+0.212"
CLio(ml/min - kg)* 12140
CLimo{ml/min - kg)? 12864

"MeantS.E. (n=6). p<0.01

'Calculated by 120 million cells/g liver quoted from reference. (30)
*CLin calculated from hepatic intrinsic clearance(f, - CLi) of reference. (15)
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