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Effects of Intravenous Administration of Taurocholic Acid on
Hepatic Monoamine Oxidase A and B Activities in
Rats with Choledocho-Caval Shunt
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The effects of intravenous administration of high concentration of taurocholic acid (TCA) on monoamine oxidase
(MAO) A and B activities in rat liver mitochondria and microsomes were studied. These liver subcellular organelles
and serum MAO activities were determined from the experimental rats with choledocho-caval shunt (CCS). The
Michaelis-Menten constants in these hepatic enzymes were also measured. The activities of mitochondrial MAO A and
B, and microsomal MAO B as well as their V ,,, values were found to be decreased significantly in CCS plus TCA

injected group then in the control group, such as CCS alone groups. However their K, values in the experimental
groups did not vary. MAO of serum appeared in the CCS plus TCA injected groups only. The above results suggest that
TCA represses biosynthesis of the MAO in the liver. The MAO of serum is believed to be caused by the increment of
membrane permeability of hepatocytes upon TCA mediated liver cell necrosis.

Key Words: Choledocho-caval shunt, Monoamine oxidase, Taurocholic acid

N B
2ol FESAT op|HH 7 AN Be BaE
o BRI WEHY T BYE WEE BHLA

A% taurocholic acid (TCA)7} {3t} (Han and Kim, 1997;
Kim and Kim, 1997; Rhee and Kwak, 2000; Kim and Shin, 2002;
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opbdl 47} 9= A (Ogawa et al,, 1990; Park and Kwak, 1999)
ojty, 53] o] =4 Rele] 542 A Rel HU} TCA &
e o5 WAsHA ot & 7} Slvk= A (Choi et al,
2004)°]c}.
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A HEs FASE Bas Bt} =, alkaline phosphatase
(Ogawa et al., 1990), y-glutamyl transpeptidase (Kim and Kim,
1997), catalase, alcohol dehydrogenase, microsomal ethanol oxi-
dizing system, aldehyde dehydrogenase (Kim and Shin, 2002),
arylesterase (Han and Kim, 1997), arylamine N-methyltransferase
(Rhee and Kwak, 2000), thiol methyltransferase (Rhee and Kwak,
2002), thiosulfate sulfurtransferase (Rhee and Kwak, 2004),
cathepsin B, cathepsin D, acid phosphatase (Choi et al., 2004) -5
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Monoamine oxidase [amine: oxygen oxidoreductase (flavin
containing, deaminating), EC 1. 4. 3. 4, MAO]= A| 17 A o]
2 AJA| M3 (phase 1 xenobiotic biotransformation) &4~2] ¢
Z-°]™ (Tipton, 1980; Mun and Kwak, 1989) . =o}%l, &}
SRR dlstels, gEYol B ISt E
AdshE Gaolth MAOE 7HA|ES] W EZ =k} Ui
Aol = A= o] flom 71 Holdst oAl Wt 2
Aol we} MAO A9t MAO BE 313l AT} (Greenawalt
and Schnaitman, 1970; Corte and Tipton, 1980; Tipton, 1980). ©]
GAES HareAltteA 457 FHAEe] (Mun and Kwak,
1989) &A1& Wl ol TCA &JsiA ols &9
ol quﬂﬂq FA3kaL QY (Do and Kwak, 2004).
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1. Al oF

Benzylamine - HCI, 5-hydroxytryptamine - HCI (serotonin),
phenol, monoamine oxidase (from bovine plasma, M4636), TCA
(from ox bile, sodium salt, T0750), tauroursodeoxycholic acid
(sodium salt, T0266, TUDCA) 2 &d 39 (10 g/100 ml
bovine albumin)- SigmaA} (St. Louis, USA) A|&S A8
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T
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SRS AATh S e Ayl &
S7HS- medical grade silicon tubeE ARE3Fo] A3 o
T} o g ARt Al8Eleitl TCA 2 CA dlo
)78 U] $12 syringe pump (model 341A, Sage instru-
ments, USA)S AM&-3to] 158 FoF 398tk
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Table 1. Effects of choledocho-caval shunt (CCS) on hepatic subcellular monoamine oxidase (MAQO) A and B activities in rats

MAO A MAOB

Experimental groups (pmol ammonia min”' mg protein”")

Mitochondria Microsome Mitochondria Microsome
Normal 1,278+249 5561138 1,621+296 6371149
Sham 1 day 1,2831264 543+144 1,633+308 646t154
Sham 2 days 1,2924255 547149 1,625+313 6411158
CCS 1 day 1,208+249 532+141 1,335+£254 632+151
CCS 2 days 1,183£238 521+138 1,2861262 626148

The data are expressed as mean = SD with 5 rats in each group; Sham 1 day or Sham 2 days, sacrificed on the 1st day or 2nd day after
sham operation; CCS 1 day or CCS 2 days, sacrificed on the 1st day or 2nd day after choledocho-caval shunt.

benzylamineS 212} 712 = ALEsle] 34 Alge} $7 37C
oA 2087 BHEAIZIE Eetell AEHE dEYole] &
Z73}= Nagatsu and Yagi (1966)Hol =3t o, g4 &
AL e 127 1 mge] o] whg-sto] ek o
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g3 MAO A% 42 benzylamineS 7|&E AR&-35}o]
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AN &= McEwen and Cohen (1963)] ¥l #3191 om, &
2 % 9= 84 1 m7b AR 9RESke] WsE S

5 (AAE 1008 Fate] YERIISATE
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o]7] &3}te] SigmaAl (St. Louis, USA)S] AA| &4E5 ALE
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w25 FSit o] Aol g4 SYE SHo ARF
T 3¥ A= computer controlled enzyme spectrophotometer
(Cary 210, Varian, USA)$ t}.

6. Kt % VraZtel 5%

1/[S]3kS 741*&*8}04 1%04?5 (double
reciprocal plot)yg 1™ ThF o] A ZHE K, &t V.o
i =

as A8 Fo 9 AL 0.5 M perchloric acid9}
methanol-ether &3+ (3:1)0. 2 ©il A8 |3 Green-
berg and Rothstein (1957) M2 &4 AR Fo das
QA5 TS Biuret'd (Gornall et al., 1949) 2 & A&} ct.
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Table 2. Effects of taurocholic acid (TCA), and tauroursodeoxycholic acid (TUDCA) infusions after choledocho-caval shunt (CCS) on
hepatic subcellular monoamine oxidase (MAO) A and B activities in rats

MAO A MAO B

Experimental groups (pmol ammonia min”' mg protein”")

Mitochondria Microsome Mitochondria Microsome
CCS 1 day 1,208+249 532+t141 1,335+254 632%151
CCS 1 day + TCA 882+176° 4731125 915+165’ 503138
CCS 1 day + TUDCA 1,256£253 525+132 1,382+241 6541142
CCS 2 days 1,183+238 521138 1,286+262 6261148
CCS 2 days + TCA 773+£155™ 417+112 758+164" 422+123™
CCS 2 days + TUDCA 1,203£227 528+t141 1,228+253 6421157

The data are expressed as mean = SD with 5 rats in each group; CCS 1 day or CCS 2 days, sacrificed 1st or 2nd day after choledocho
-caval shunt; One of the following bile acids, TCA or TUDCA (45 pmoles/100 g body weight) was intravenously administered through
the superior vena cava. j, P<0.05 vs. CCS 1 day; m, P<0.05 vs. CCS 2 days; n, P<0.01 vs. CCS 2 days

Table 3. Rat hepatic monoamine oxidase (MAO) A and B kinetic parameters from 2 days after choledocho-caval shunt (CCS 2 days)
determined with 5-hydroxytryptamine for MAO A and benzylamine for MAO B

MAO A MAOB
Experimental Mitochondria Microsome Mitochondria Microsome
groups Km Vmax Km Vmax Km Vmax Km Vmax
(Km, mM; Vmax, pmol ammonia min~'mg protein™")
Sham 2 days 6.381£1.25 2,648+510 9.08+1.87 1,148+298  5.87+0.89 3,412+626 8.58+1.63 1,314+320
CCS 2 days 6.42+1.38 2,348+468 9.22+2.16 1,016£268  5.98+0.96 2,590£517  8.69£1.82 1,241%285

CCS 2 days + TCA 6.39+1.36 1,523+292""  9.24+2.23

811202
CCS 2 days + TUDCA 6.31+1.28 2,396£431 9.13+£1.89 1,044£271

5.94+0.98 1,498+316"
5831091 24124497

8.74+1.72 831+£257%"
8.62+1.57 1,262+304

Michaelis-Menten constants were determined using 5-hydroxytryptamine as a substrate for MAO A and benzylamine for MAO B from
experimental rat livers at two days after CCS. The data are expressed as mean £ SD with 5 rats in each group. Experimental groups are
described in Table 1, 2 and text. g, P<0.05 vs. Sham 2 days; h, P<0.01 vs. Sham 2 days; i, P<0.001 vs. Sham 2 days; m, P<0.05 vs. CCS 2

days; n, P<0.01 vs. CCS 2 days

oA FHd WgHEdS A

AulEgtnt A7 RO 9F 35% (P<001)4 7&5;’ e}

AuliEetE 217 2% TUDCAES
= W= o] ¢4 Vi o o] g
T8 YERA Skt (Table 3). 12]3 FollAl Fga
AUMESS A7 A% TCAS F9sta 29 A3 A S
e} mEFEgols} vho] A 255 222 MAO BO Vi
fh 7HEEEt AIZL R TRE 742 oF 56% (P<0.001) % %
37% (P<0.05), THH AT AR LR 242} of
42% (P<0.01) 2 °F 33% (P<0.05)2] #aZ Jephdeh
v FHE =S A7 4% TUDCAE )8t
29 AAANAE s olE E49] Ve ol WE
YERNA] 2FSkTt (Table 3).
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Table 4. Effects of taurocholic acid (TCA), and tauroursodeoxy- o}l¢] MAO B A x= &
cholic acid (TUDCA) infusions after choledocho-caval shunt
(CCS) on serum monoamine oxidase (MAO) activities in rats

al
249 MAO A9 Be] A eE 93 42 3 28Y
1

=)

Experimental groups MAO (AAX100 hr'ml™) slol ©.o15 21 o ) =
o5l 7k 3 S A o] &

CCS 1 day Undetectable a2 _WAQ_U'LE L_}E}%H . O}M_E}' & el
CCS 1 day+TCA 3.240.83 MAO %L}\é% %%% ﬁa;(a]— 5 302177]'X]}1_:_‘ éxéﬂxl (261—9}\—9—]4'
CCS 1 day + TUDCA Undetectable THY AE 5 7dRH Fdske] ol% 2d7A AE
CCS 2 days Undetectable GE7F 37 HATHAL SIich ey ol AjelA
CCS 2 days + TCA 43%1.18 T AR AJEE Ftol A= ol a0 e W
CCS 2 days + TUDCA Undetectable o] gt o] AL 7o SELA|e] At w)eksA

The data are expressed as mean £ SD with 5 rats in each group;
Experimental groups are described in Table 2 and text.
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7 A4 o0& UERd (Desmet, 1994)7 FAlo] IHEE = % e ErkE Q7] A8k 9EeAItel aa
71% o7} % =™ (Halsted, 1976; Sherlock and Dooley, E9] Aol e X 2o (Ogawa et al,, 1990; Kim and
2002) olw HHESA A= A4F a5 %7 W Kim, 1997; Rhee and Kwak, 2000) T54te] 1F 54 o4
TEE FE oln] & 4zl ARl B3| AE AMES)e] B3 3% 7}t TUDCA (Poupon et al., 1987; Ogawa et
GEeAE vt 2Y Agoa O SdETF SHEE al., 1990; Heuman et al., 1991)E F oAl SE AN
T aaEe] A% s 71 gisiA AR LA A7 AT AR dell vk FAAA w3kE BEsielt:
A= AL v 2 =, arylesterase (Han and Kim, 1997), o] AglollA HellA FHT M-S A2 A5 TCA
carboxylesterase (Han and Kim, 1998), cholinesterase (Park and g FIAA 19 2 2d AIAARS W F v EZ=o}
Kwak, 1999), alcohol dehydrogenase, catalase (Kim and Shin, 39 MAO A ¥ B &A4TE =T S99 thadust
2002) 2 thiosulfate sulfurtransferase (Rhee and Kwak, 2004)= Wk A7 R BAIEE o2 foldt AaS Ueich
e ARl 1 STt A O 7S HEeA i FoA FEF IAWE}E X AF TCAE T4
EZHAE el S7hd TCAZF &2 e sHde oAxl A 2 AIAZE W 3 vlelasE B89 MAO B 24
A olE a49 S JAAZI Y= Aelal alkaline pho- Ee &z 93 i WE g A7 wEn o8 7
sphatase (Ogawa et al., 1990), 5'-nucleotidase (Kim et al., 2001b), &5 YEStE A F9d AWES A% TCAE F
y-glutamyl transpeptidase (Kim and Kim, 1997), microsomal Aslar 2 AAAIFHE o] T v EZ=E] o) 89 MAO A,
ethanol oxidizing system, aldehyde dehydrogenase (Kim and Shin, ~ {+ FJEZE=go} ! wlo]a 2% £39] MAO B 59 Vi
o [e)

2002), benzoyltransferase (Kim et al., 2001a), arylamine N-methyl- e 2l S oA HEER A7 TR fole
transferase (Rhee and Kwak, 2000), thiol methyltransferase (Rhee 25 YEHIY. T8y olE 849 K, e EE Add
and Kwak, 2002), cathepsin B, cathepsin D % acid phosphatase o] ZEA|E F8ofl A freolsh MES YERNRA] &t o] de]
(Choi et al,, 2004 FFSATNA 1 A=} S5 A2 Hol TCAE 7He MAO A& ARt gas
I 7HE gEeAR AIE vel 71 TCAZF a4 %= 9lom E3] TCA7} MAO A3)4 (inhibitor)7} ofL]gh=
WA S ASAA o5 G40 S FIAT= AH (Zollner, 1993)3} oF&2] TCAE FUgH ATl A o
oJtt. E 5249 K a2 BEo] flowA vygtel T A

1

o

b

W,

flo] F2& v s slFs Adeta A7t A
Al Tt A A7 A TUDCAE F9A1A
229 AARNFE ) A E BE} BHAA oE A

o oy
L e 2 (o

-95.



TUDCAY 7Fe] MAO2] 47 &
AL AT U AT

o] Ao 3 MAOE HolA FE¢ AN ETS
Azl A% TCAE ZOW?’h 19 AAAZE o Z3319
om 29 AIAAE W= 19 AIAHE W B FF

MAO 4 %7t —;;01 . o] AR Mol T84 Al TCA7}

el stk dgel MAOZE 23S 1 2Tt
& = glom 1 91912 TCAZ} 7t Alet
el Al BFo R o] ars FEAA Uehd

o ofN &Y
N
)
iu)
rlr
pats
tlo

ol o] A ZAzle} F3d] AAS THE = ul HE
SA7t MAO A 2 B A E s 254 5 TCA
of o3 o5 &Ae] Ao A et AR A7}
HH ol @524 A MAOY d%F &4 ¢ AT Z7)
= ko] AR 3 AlEEre] Fapde] @xlEo] o] aAvt
o w2 FEH o] Ve A%E Az

REFERENCES

Choi HJ, Kim YH, Kwak CS. Effects of high taurocholic acid
load on liver lysosomal cathepsin B and D, and acid pho-
sphatase activities in rats with choledocho-caval shunt. ] Exp
Biomed Sci. 2004. 10: 429-434.

Corte LD, Tipton KF. The turnover of the A- and B-forms of
monoamine oxidase in rat liver. Biochem Pharmacol. 1980.
29: 891-895.

Erlinger S. Cholestasis in Schtiff's diseases of the liver (Schiff ER,

Sorrell MF, Maddrey WC. Eds). 1999. pp 611-629. Lippincott-
Raven. Philadelphia, USA.

Desmet VJ. Cholestasis: Extrahepatic obstruction and secondary
biliary cirrhosis in Pathology of the liver. 3rd ed. (MacSween
RNM. Anthony PP. Scheuer PJ. Burt AD. Portman BC. Eds).
1994. pp 425-474. Churchill Livingstone. NY. USA.

Do JY, Kwak CS. Effects of intravenous administration of tauro-
cholate on hepatic monoamine oxidase A and B activities in
cholestatic rats. J Exp Biomed Sci. 2004. 10: 421-427.

Gornall AG, Bardawill CJ, David MM. Determination of serum
protein by means of biuret reaction. J Biol Chem. 1949. 177:
751-766.

Greenberg DM, Rothstein M. Method for isolation and degra-
dation of labelled compounds in Method in enzymology
(Colowick SP, Kaplan NO. Eds). 1957. Vol 4, pp 708-731.
Academic Press. NY, USA.

Greenwalt JW, Schnaitman C. An appraisal of the use of monoa-

mine oxidase as an enzyme marker for the outer membrane
of rat liver mitochondria. J Cell Biol. 1970. 46: 173-179.

Halsted JA. The laboratory in clinical medicine. interpretation and
application. 1976. pp 426-429. Saunders. London, UK.

Han BH, Kim YH. Effect of high taurocholate load on activity of
rat liver arylesterase. Korean J Hepatol. 1997. 3: 154-169.

Han BH, Kim YH. Effect of high taurocholate load on activity of
rat liver carboxylesterase. Keimyung Med J. 1998. 17: 487
-503.

Heuman DM, Mills AS, McCall J, Hylemon PB, Pandak WM,
Vlahcevic ZR. Conjugates of ursodeoxycholate protect againt
cholestasis and hepatocellular necrosis caused by more hy-
drophobic bile salts: in vivo studies in the rat. Gastroentero-
logy 1991. 100: 203-211.

Kim IK, Kim YH, Kwak CS. Induction of hepatic benzoyltrans-
ferase by bile acid in rats. Keimyung Med J. 2001a. 20:
20-30.

Kim SK, Kim YH, Kwak CS. Induction of cholestatic rat liver
5'-nucleotidase by taurocholic acid load. Keimyung Med J.
2001b. 20: 129-139.

Kim SK, Kim YH. Induction of rat liver y-glutamyl transpeptidase
by bile acid load. Korean J Hepatol. 1997. 3: 210-226.

Kim YH, Shin MJ. Effects of high taurocholate load on activities
of hepatic alcohol metabolizing enzymes. Exp Mol Med.
2002. 34: 123-130.

Kwak CS, Kwak JS. Cell fractionation method of the rat liver. 1.
Isolations of mitochondria and microsome. The Keimyung
Univ Med J. 1986. 5: 45-53.

McEwen CM Jr, Cohen JD. An amine oxidase in normal human
serum. J Lab Clin Med. 1963. 62: 766-776.

Mun KC, Kwak CS. Monoamine oxidase activity in cholestatic
rat liver. The Keimyung Univ Med J. 1989. 8: 69-77

Nagatsu T, Yagi K. A simple assay of monoamine oxidase and
D-amino acid oxidase by measuring ammonia. J Biochem
(Japan). 1966. 60: 219-221.

Ogawa H, Mink J, Hardison WGM, Miyai K. Alkaline pho-
sphatase activity in hepatic tissue and serum correlates with
amount and type of bile acid load. Lab Invest. 1990. 62: 87
-95.

Park SK, Kim YH, Kwak CS. Effects of intravenous admini-
stration of taurocholic acid on liver lysosomal a-D- and B-D-
mannosidase activities in rats with extrahepatic cholestasis. J
Exp Biomed Sci. 2004. 10: 93-98.

Park SK, Kwak CS. Repression of rat hepatic cholinesterase by
bile acid load. Keimyung Med J. 1999. 18: 204-217.

- 96 -



Poupon R, Poupon RE, Calmus Y, Chritien Y, Ballet F, Darnis F.
Is ursodeoxycholic acid an effective treatment for primary
billiary cirrhosis? Lancet. 1987. 1: 834-836.

Rhee BW, Kwak CS. Induction of hepatic arylamine N-methyl-
transferase by a taurocholate load in rats. J Korean Surg Soc.
2000. 59: 141-153.

Rhee BW, Kwak CS. Effects of intravenous administration of
taurocholate on hepatic thiol methyltransferase activity in
cholestatic rat. J Korean Surg Soc. 2002. 63: 1-10.

Rhee BW, Kwak CS. Effects of intravenous adminstration of
taurocholate on liver and serum thiosulfate sulfurtransferase

activities in cholestatic rat. J Korean Surg Soc. 2004. 66: 359

-366.

Sherlock S, Dooley J. Diseases of the liver biliary system. 11th ed.
2002. pp 219-398. Blackwell Scientific Publications. Oxford,
UK.

Tipton KF. Monoamine oxidase in Enzymatic basis of Detoxica-
tion (Jakoby WB. Ed). 1980. Vol I, pp 355-370. Academic
Press. NY, USA.

Toyota N. Miyai K, Hardison WGM. Effect of biliary pressure
versus high bile acid flux on the permeability of hepato-
cellular tight junction. Lab Invest. 1984. 50: 536-542.

Zollner H. Handbook of enzyme inhibitors. 2nd ed. 1993. Part A,
pp 45. VCH verlagsgesellschaft mbH. Weinheim, Germany.

-97.-



