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Effects of Hepatic Disease on Flow-limited Verapamil Pharmacokinetics
in the DMN-induced Hepatic Cirrhotic Rats
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The purpose of this study was to determine the effect of hepatic disease severities on pharmacokinetics
of flow-limited verapamil in dimethylnitrosamine (DMN)-induced cirrhotic rats. Hepatic cirrhotic rats (SD
rats, 200~250 g) were induced by intraperitoneal injection with 1% DMN solution at a dose of 10}g/g
by 3 days/week as experimental groups and same dose of saline as control for 4 weeks. The serum
verapamil concentrations were quantified at zero, 10 min, 30 min, 1, 2 and 3 hrs after bolus injection
of 3 mg/kg of verapamil by a column-switching HPLC method and pharmacokinetic parameters such
as Co, MRT, AUC, Vdss, ti» @7 and CLp were determined in each group. And then some hepatic tissue
was obtained and subjected to analysis of the hepatic 4-hydroxyproline content and were inspected by
light microscope after hematoxylin and eosin staining. The serum concentrations and pharmacokinetic
parameters such as Co, AUC, MRT and t;» ¢y were significantly increased (p<0.01) and Vdss and
CLp were significantly decreased (p<0.01) in hepatic cirrhotic rats according to DMN-treated period.
The 4-hydroxyproline content was also gradually increased propertionally to DMN-treated period. The
pharmacokinetic parameters of verapamil were seemed to change gradually to depend on the hepatic
fibrotic severity. Therefore, we suggested that flow-limited drug as like verapamil dosage adjustment
is necessary according to hepatic function severity. (Cancer Prev Res 10, 34-47, 2005)
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Fof Folt £24Y 1Mol AT AR ¥
e oz duA A aeln GEEAS 0
F UFAAE FAH 0] vzt A e Ao o
94 gk

%7 d-hydrosyproline®] A% 7} 27544 sl B2

2 RS AES 9T, A JEA0] 3 T

N Ee AALS Yehje okl

85 AXWIE 2AGE AT AAHEY 1)

oFE lAVs Waslele] ABPAS vMwate] 7123
!

8F % 200~250 g9 Sprague-DawleyA] 7 A FH(E%
AAFTEENE WS R st 43 15 AFE 55£5%
o] F&, 2242°Co] & 4 V|7t 2AE FEAA
TEAIROH, 1247 Y12 Has AU A7

st APALES} B8 AFEA AFAAAT

Dimethylnitrosamine (DMN) (Sigma, St Louis, MO, USA)]|
o1& 7453} FE& Tenkins 5(1985)2] ol F538}
Ak AT YA 1% F=2 343 &
l0ug/ge] §Fo 2 dFYd] 39 A&t 453 F
3] BAFAEIA A g2 TE AYAEFE 2
WO 2 FALEAT AN F DMN F4 1, 2
4 A2 2t AT 12vhe ok 2T svte
BAA AF, ted 2 AT 3 ZFY vEs 33

A THEFig. 3~5).
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DMN Fof 453 ol 12417t DA A7 24413 2d
3 FHZE 0.5% pentobarbital 30 mg/kg)Z F}HAZ & F<%
toll w9 sk & o] U s E,
‘eZste] Huo 25 1U/mle] S|utee] 97 Z g
WHPE-50)= AXSFIL wpFH A 5= A W verapa-
mil (Sigma, St Louis, MO, USA) 3 mg/kgS W FALS}H
ot verapamil o A3} Fof I 108, 308, 1, 2 % 3
A ZHale] el 05 mlE 223k 3,000 goll A 1587
AR S T FHS BAA7A -70°Col] BT

4, 28 A% HPLC HE& O|§T%t BF verapamil &
T ¥T

1) A2 & IHZE: HPLC-grade acetonitrile> Merck A}
(Germany)ol| A T Q30 aL, propranolol (WFEFE 27}
(£) verapamil hydrochloride (%55 &)L Sigma AKSt Louis,
MO, USA) A F-d8te] ARG8T 33F S/ Milli-
Q system (Milipore S.A., France)ol| A ELGA system=- A}-83}
of A3t

2) HPLC F148: HPLC system (Nanospace, Shisheido, Tokyo,
Japan)©. 2 H I A (SI-1/2001), B (SI-2/2001), 7] E A # 7]
(SI-1/2010), 8 F=7 71(S1-2/2002), A5 71(S1-2/3023),
ZY WEAAEH 2012) B AP BEOFE FAE] 3l
2, "ol AZAXNZEE Ds CHROM data module®]
integratorS AME-3}$TH HPLC 2L Ax]g] ZHo =
Capcellpak MF ph-1 (4.0x20 mm, Shiseido, Tokyo, Japan),
FZ AP0 F Capeellpak C18 UGI20 S5 (2.0x35 mm,
Shiseido, Tokyo, Japan), ¥4 ZAHO Z Capcellpak CI18
UG120 (1.5%250 mm, Shiseido, Tokyo, Japan)S AF&3}%
i, A9 2EE 45°CE FASH e, 29 A
3.80 ~4.85 % (verapamil)©] %1 T}.
A o]FA [50 mM ammonium phosphate (pH 4.5)
(Buffer A)l, 4] ©]FAH50 mM ammonium phosphate:
acetonitrile=70 : 30 (v/v)(Buffer B)1Z A|Z3F Z o] 0.22um
ul o 9} X (Milipore, Bedford, MA, USA)E A}-&3}a 23] 7+
& ARt 29V E FIE AAT $ AHEEA

2.35 ~3.10(propranolol),

Propranolol

Verapamil

A
A
T A A
1 B C

o»

-r - - 1 11 1
Retention time (min)

Fig. 1. Pre-treatment process of chromatogram for the
switching time for analysis of verapamil. Retention time
(min) for switching valve (arrows)(A, 2.35; B, 3.1; C, 3.85;
D, 4.85).
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3) B%F U verapamil T2 B A7 7]7] =A%)
oM Zd 2913 HPLC YR (Fig. 222 A-LolX A
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Fig. 2. Triple column systems for the column switching in semi-micro HPLC.
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Z 0] 5 AH50 mM ammonium phosphate (pH 4.5)} S00uS
7Fabar 3027F Zg Fo 13,000 xgol| A 1087 A4 &
A7 & A-RA SHE AHG & AFFY 7]l 10u
g FYstal AAY o] S 500u/min®] FEHO =
o A SOl verapamilS #&|3}7] $3 HIAA|HS
3t A hEig. 1, 2A). o] W% WH FHATHE 235~
3.10%-(propranolol), 3.80~4.85%(verapamil) > 2 A A 5}
a1, 5 A" E4 ZEE £4 olFA40 mM
ammonium phosphate : acetonitrile=70 : 30 (v/v)I2 120u
Imin®] &0 2 o] A A FHE FAEE 33t

A M MBS BOXZ HEste] 19A A 2
AR WE 2HAZ235~3.108)5¢ APEZE o]FA
{50 mM ammonium phosphate (pH 4.5)1 500ul/min -3
o2 EHFHA AX A HQ Capcellpak MF ph-1 (4.0x
20 mm)S o] &3t ATFYAZ T FZZA Y Capeellpak
C18 UGI20 S5 (2.0x35 mm)o F&& F% A7 thFig.
2B).

3EAl: e WEIE CHAAE HEHUG.10~3.85%)
A 59 EHEZ] &4 olFA 50 mM
ammonium phosphate : acetonitrile=70 : 30 (v/v)}ol 2|3}
120u/min®] #4022 E24A Al Capcellpak C18 UG120
(15x250 mm)< o]&dte] FFZA7] FFx=d FE
(excitation) T 280 nmI} & 7](emission) 7 313 nmol| A]
WH-EFE2(AS propranolol)S ¥ 3FA H T} 3.85% 9
ThA] 2GA o] Wl H A2 AF5H 8 Hof Aldd & 5
= Ao @A W verapamil& F5A]7) 3L, o] F wig W)
H7} 48589 A9IXZ HFE o] BHEZZ 120u/min2]
T2 o|F4E SHFTHUA 24 AHE o] &3}y
verapamil-S £ 5} THFig. 20C).
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-2 A]ZHMRT; mean residence time)2 1.44xt,,2 A 2Fs}
Fom, A e H -8 2 (Vdss; volume of distribution at
steady-state)> Dose/CoZ Al AFSFH L, v T 7] (t1m;
terminal elimination half-life)v= 0.693/fi (i=slope of the ter-
minal elimination phase)©. 2 A AF} ¢4t}
5. BEH HAL

FETo HTARE 17 Foheh 4
A BF 9 AFS 43kl
12u}2] 2 0.5% pentobarbital (30 mg/kg)Z v} A 71
AAZ dHE 4~5 ml AF st YA HATE 2 A g
Mo Ao 3087 WA S 3,000 xgE 1557t
AEgste] @3S EdstA 7 ollA F DT,
A=K

AdHT Zchal Aok AST (aspartate aminotransferase), ALT
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(alanine aminotransferase), ALP (alkaline phosphatase) <=X| &
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drate, 37.5 g trisodium citrate (=sodium citrate) 1] 5.5
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C-9887, USA)E 20 ml acetate citrate bufferol] &3] A]Z t}.

- Ehrlich’s solution: 10 g p-dimethylaminobenzaldehyde (Sigma
D-2004, USA)S 60% perchloric acid (HCIO,) 11 mlo]] &3}
A7 ARRBE 5, AF A0l 3 me Hoko] 154 8
mish o] AL&HTh

2) B 722 0.2 g2 #H3dlY 4 mle] 6 N HClo| 211
TAstete] 110°Coll A 12413 &F THER A F,
1,200 xgoll A 15&3 AAEHSAT. o] T &5 50
|J1E sl ALVl FH Ld& AlZ 3L, 50% ISA 1.2

1S go] f3A AT 1% 6.7% 2= chloramine T &4
02 m& ¥ A2NA 10%1} A s A ©]
Ehrlich’s solution 1 mlE A 7}8tal 50°Coll A 90&7F &+
A F SHRFE WEER 819 558 nmol|l A FREE

939

3) 4—hydroxyproline2| ¥ 4-hydroxyproline
A (Sigma H-7279, USA)S 50% ISAZ 3 A|# 1,000ug/
mlE THE F YF ®HAst, 025, 05, 1, 2.5, 5, 10 21
I 20pg/ml7E HEE BMste] #F8&AS THEATH
Zr & 12 mlE FHstA, 6.7% 2= chloramine T £
02 m& ¥ £F F ALoM 1087 L&A
Ehrlich’s solution 1 ml H7} & 50°Co|A] 90& 7+ v k3t

558 nmol N FREF Sk
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8. XAIEBE X TAHH EX

—e— Control e
—o— DMN-treated

Variation of body weight

240 -

T T
Zero week 1 week 3 weeks 4 weeks

T
2 weeks
Weeks after treatment

Fig. 3. Change of body weight in control and DMN-treated rats
during 4 weeks. Values expressed the mean+S.E.
®“YIndicated significant difference among groups based on
Duncans multiple range test. p<0.01.

"Different letters indicated significant difference among groups
based on Duncan's multiple range test. p<0.01.

=M o=

asislen, p<
2 ok

z
1. DMN E9 T NFit 2t FH =g}
DMN 5o § vjuic} 7o) B4 g2zl A 5

vhe], AT 12ntey FE AF, F FA 2 AS
o tigh 2+ FAY] Hl&S S8 Fig. 39 AlAISHA
o FE AFHSE 2T 5991096 (15F), 29.4+
5.9 ), 21.847.2 3F) ¥ 37.617.7 g 42 Y
g AF F7HE ERASH(p<0.01), DMN Fof 9]
AFAst= 4 332279 (1F), -9.3+0.87 2F), -1.3
+52 (3%F), -18.6 133 g 4F)0.& Toq 154 §9]3F
F7Hp<0.0DE Bl ¥ 2FRH AFHALE BoY
DMN $of 239} 335 9] A ZWsl= EAHH9 99
7} AR THEFg. 3). 15 FHE HFA= d 2l A 2+
-0.44+1.9 (25F), 0.52+1.85 (3%) 2 2.0240.1 g (4F)
o2 259 3FA= st H3le iy, 43A=
&5 nio}ait}<p<0.05). DMN Foj ol A ZHE-A|
Y7y -1.33+0.29 (2F), 3.77#04 (3F), -8.8+0.44
g )0 F 25, 357 B 470X o3t F3Hs Bk
(p<0.01)(Fig. 4). A2} 7HELA vl EAME 2T A

L
Ju

16

_
N
1

N
N
1

-
o
1

Variation of liver weight (g)
(o]
1

—e— Control f
—o— DMN-treated

[«
1

T T T
2 weeks 3 weeks 4 weeks
Weeks after treatment

T
1 week

Fig. 4. Change of liver weight in control and DMN-treated rats.
Values expressed the mean=S.E.

*“Indicated significant difference among groups based on
Duncans multiple range test. p<0.01.

"Different letters indicated significant difference among groups
based on Duncan's multiple range test. p<0.05.
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2

S 41

he]

o

S

2 ¥

2 —e— Control
£ 27 —o— DMN-treated
E

T T T T
1week 2weeks 3weeks 4 weeks

Weeks after treatment

Fig. 5. Change of body weight/liver weight ratio in control and
DMN-treated rats. Values expressed the mean=S.E.
a~fy s .

Indicated significant difference among groups based on
Duncans multiple range test. p<0.01.
"Different letters indicated significant difference among groups
based on Duncan's multiple range test. p <0.05.

Table 1. Change in body and liver weight in control and
DMN-treated rats after 4 weeks

Group DMN-
((;:Et;gl) treated p-value”
Weight (g) - (n=12)
Body weight 401.1£5.297 250.3+5.96 0.01
Liver weight 12.03+£0.32 5.6+x0.32 0.01
Liver/body weight ratio  3.0%0.07 2.17+0.11  0.01

DMN: dimethylnitrosamine.
"statistical significance was calculated by student's t-test.
’Mean+S.E.

20.51£0.6 (25F), -0.1+056 (3F) = -0.87+0.1 g (4
FOZ 259} 47 A o Fro] A A AP <0.05, p
<0.01), DMN oA -0.34+0.06 (25), 1.37£0.31
GF) R -3.024£0.24 4F)OFE 27, 357, 4700 A T3
27+ B HtHp<0.05, p<0.01)Fig. 5). HZ T3 AT
o A7, 2 FA, AF:3t FA vEL 27 tjx2Toll A
= 401.1£5.29 g, 12.03+0.32 g ¥ 3+0.07%= E}REIL,
A FANE 25934596 g, 5.6+03 g L 2.17+0.11%
2 EF F9Y3A 72459 tHp<0.01)(Table 1).

2. B g At

1, 2, 4577 AP g2 @4 Ase 7 AKeotal
protein, albumin, total bilirubin, AST, ALT, ALP) %] ] W
Sl Table 20l A|AISIATH F4 F gl da) GE7L
zTEAA Zzb 64240113 1.55+0.03 g/dlo] ],
DMN B XE 154 5.62£0.04, 1.28+0.02 g/dl, 2
FA 5.55+0.07, 1.24+0.01 g/dl Z 455 4.60.16, 0.98
+0.05 g/dlZ tjZtol] HIs| DMN Fof 7]zke] HldH st
of FroHoE A a(p<0.01), FLEFH], AST,
ALT, ALPO] ZFpEX) = 2ol B8] DMN Fo 7]k
H 5t o3k A F 71 thp <0.01).

1) EMXAHO| 2F: AP 293 HPLCH A Aoz
A2ulEIWL Fig. 69 A|A| L™ propranolold} vera-
pamil®] HEEAI7FE 247} 11.85~12.35%, 21.85~22.85
Folgx Vel 84 AEET & 5 AT} Verapamil

=
o 3FFE @3 WF FE22 propranolol?] peak-

Table 2. Serum biochemical profiles in control and DMN-treated rats

Group
Biochemical Control DMN 1 week
profile?
T. protein (g/dl) 6.42+0.11° 5.62+0.04°
Albumin (g/dl) 1.55+0.03° 1.28+0.02°
T. bilirubin (mg/dl) 0.35+0.03° 0.22+0.02%
AST (U/L) 70.08+3.41° 83.75+4.3°
ALT (U/L) 32.77+1.89° 37.25+1.43°
ALP (U/L) 103.46+8.07° 437.08+19.61°

DMN 2 weeks DMN 4 week p-value”
5.55+0.07° 4.6+0.16° 0.01
1.24+0.01° 0.98+0.05° 0.01
0.24+0.01° 2.41+0.43° 0.01

106.33+5.63° 212.92+11.08° 0.01

75.58+4.17° 189.17+14.08° 0.01

521.67+39.53° 760.25+39.77° 0.01

AST: aspartate aminotransferase, ALT: alanine aminotransferase, ALP: alkaline phosphatase

"'Stastical significance was calculated by one-way ANOVA
®Mean+S.E. (n=12)

““Indicated significant difference among groups based on Duncan’s multiple range test. p<0.01.



x|

Olol
0x
Ho
o
[<e]
re
]
=<
s
30
nx
N
0z
EN)
ot
Ol
o
=2
>
o

Z=M k=0l Verapamile] A=SEfof CHEH ZHRISto] ek 41

A -
450
Z 300
[O]
2
8_150'_
[0} 4
(0] i
14 ]
0-""I""I""I""I""I
6 12 18 24 30
Retention time (min)
(o -
450 1
Z 3001
Py ]
2 ]
8_150'_ 1
[7] 4
(0] i
4 ]
0-""I""I""I""I""I
6 12 18 24 30
Retention time (min)
8_
A
: o
Q.
]
(]
2
o 41
©
@®©
o
< 27
o]
[0
o
0 T T T T T 1
0 500 1000 1500 2000 2500 3000

Concentration of verapamil (ng/ml)

Fig. 7. Calibration curve of serum verapamil analysis (Y=0.0027
XX+0.0504, r’=0.9997).
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Fig. 6. HPLC chromatogram of blank rat serum (A), rat serum
spiked with propranolol (0.5:g/ml) and verapamil (1.01:g/ml)
(B), and serum collected from DMN-treated hepatic fibrotic rat
at 2 hour after single IV injection of 30 mg/kg of verapamil (C).
I: propranolol, Il: verapamil.

Table 3. Validation data for determination of verapamil in rat
serum by HPLC

Spiked Intra-day

concentration Conentraion ) )

1) /o 2 (o,

(ng/ml) (ng/mi) C.V"' (%) AC” (%)
25 26.13+2.37Y 9.06 104.5
50 56.17+1.1 1.96 112.3
500 478.57+15.88 3.32 95.7
2500 2566.79+84.02 3.27 102.7
Spiked Inter-day

concentration Conentraion

0 0,

(ng/ml) (ng/ml) C.V (%) AC (%)
25 24.82+0.51 2.1 99.3
50 56.14+1.16 2.1 112.3
500 494,15+8.79 3.1 98.8
2500 2528.96+9.01 0.6 101.2

C.V. (coefficient of variation, %)=S.D/meanx 100
A.C. (accuracy, %)=Mean/spiked conectrationx 100
®Mean+S.E. (n=3)
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Fig. 8. Time serum concentrations curve of verapamil after
bolus IV injection of verapamil (3 mg/kg). Values expressed the
mean=S.E. (n=12)

Table 4. Pharmacokinetic parameters of verapamil in control
and DMN-treated rats

Parameters Control DMN p-value”
4 weeks
Co (ng/ml) 587.04+25.887 929.36+52.23 0.01

AUCqan (ng - hriml) 502.94+39.17 1470.64+39.57 0.01
AUC. (ng - hr/ml)  617.73+56.4 1481.55+40.78 0.01
Crax (ng/ml) 467.04+22.33 819.10+36.23 0.01
Tmax (1) 0.16 0.16 NS?

Vdss (ml) 2092.89+133.72 897.29+58.02 0.01
CLp (ml/hr) 1469.89+201.45 168.43+18.71 0.01
MRT (hr) 1.75+0.31 595+0.75 0.01
tag (hr) 1.22+0.22 413+0.52 0.01
ke 0.75+0.15 0.19+0.02 0.0

"statistical significance was calculated by student's t-test.
®Mean+S.E. (n=10)

Not significant

Co: initial serum concentration, AUC: area under the curve,
Cmax: maximum concentration, Tmax: time to reach to peak serum
concentration, MRT: mean residence time, Vdss: steady-state
volume of distribution, CLp: plasma clearance, ti;@: terminal
elimination half-life, ke: elimination rate constant.

o A verapamil®] U] L U 7HHF A S (coefficient of varia-
tion, C.V.)E AUl W5 A0] 1.96~9.06% , U7+ WEA o]
0.6~3.1%2 BT +15% ©|st=2 e, 25, 50, 500,
2 2,500 ng/ml2] FEOIA 33] W =A3}o] de A
T 9 A 95.7~1043%, Y7 B 988~
1123% 2 80~120% oW E o] AL gHd 4
911 TH(Table 3).

12 1

10 4

4-hydroxyproline concetration (ug/ml)
[}
1

0 n T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5

Absorbance at 558 nm

Fig. 9. The standard curve about 4-hydroxyproline concen-
tration (ug/ml) versus absorbance (Y=4.714xX-0.1498, =
0.9991).

2) Verapamil?] A|Zt FEFO| & 4T X X|HO| H
Pk 3 mg/kg®] verapamils W W Fof 104, 304,
1, 2, 283 347l A 2 el EH W vera-
pamil-& FZFs At hxo 5 Z}7} 4
2233, 305.69+22.07, 184.69+18.43,
54.9218.6 ng/ml& & YEltom, A& oA 212t 819.1
+36.23, 651.94+28.23, 520.09+13.2, 419.61+13.31 H
364.73£15 ng/mlZ 270l Hl& A A o2 o35t
Al Z7FF9oHp <0.01). 2584 A F+= verapamil®] &
TEE FAFg 8 EUE 4HEste] Blustdn. o=

ART 27] BFFE(Co), SEFAFHE (AUC),
Hi1 FFE(Cow), B PIF-FAIZHMRT) B ] A9
Neppte 242 oAl 7R p<0.01), +EX&
2 (Vdss)# 5 A AECLp)y o] stAl At A thp <
0.01)(Table 4).

4. 2tX = W} 4—hydroxyproline 2| =%}

4-hydroxyproline®] ¥ F%F %X 0.05, 0.1, 0.25, 0.5, 1.25,
25,5 22]aL 10ug/mlol] thgk 558 nm®] FFE== 72t
0.029, 0.048, 0.088, 0.137, 0.343, 0.557, 1.065, 2.161°] ¢}
i, olAS ENE A3 ARACE 73 ZF34 Y=
4.714xX-0.1498 (*=0.9991)°] % ThFig. 9). o] Ao Z 7
AHet 7FEZA W 4-hydroxyproline®]  %F& T Z ol A
223.1417.69, DMN ¥4 1F+ 312.15£10.39, 2FE
474.7£21.05 (p<0.01) 123l 4F+ 1443.96+47.65 (ug/
g of livenZ ) Z<tell Blal] A3 oA DMN F&f 7171
Hlgdoz {93t F71ete S HAthp<0.05)
(Table 5).
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Table 5. 4-Hydroxyproline level of hepatic tissue in control and DMN-treated rats

Control

DMN (1 wk)

DMN (2 wks) DMN (4 wks)  p-value"

4-hydroxyproline (1g/g of liver) 223.14+7.697°

312.15+10.39°

474.7+21.05° 1443.96+47.65° 0.05

"'Stastical significance was calculated by one-way ANOVA
“Mean+S.E. (n=12)

““IIndicated significant difference among groups based on Duncan's multiple range test. p <0.05.

Fig. 10. (A) Light microscopic view of liver in control rat. Well preserved hepatic architecture without inflammatory activity or necrosis.
Showing well preserved hepatic cords and central vein. (B) Light microscopic view of liver in DMN-treated rat for 2 weeks. The
hepatic architecture is relatively preserved and there was severe centrilobular congestion and marked dilatation of central vein and
sinusoids. It also showed hemorrhagic mild bile duct hyperplasia, neutrophilic infiltration, and initiation of fibrosis. (C) Light microscopic
view of liver in DMN-treated rat for 4 weeks. The hepatic architecture is severe fibrosis around the central vein, nodular change
and regenerating hepatocytes in fibrotic lobules (upper: x100, lower: x200, H&E stain).
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2) FUHO|FB A Hematoxylin-eosin 0] F A 274-&
DMN Fof 15X A4 2243 2 2ol= glov +

WE9 o] okt AF
ZEA 27 <F7E vl
AA A B BE
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iFANE Aoz FEw FF
AR N EE & FF| wslel o
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