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Abstract— Betaine is one of the major water-soluble components in Lycii Fructus. In the present study
the effect of repeated betaine treatment on the hepatotoxicity and the cytochrome P-450-dependent en-
zyme system was examined in adult female rats. Administrations of betaine (100 or 1,000 mg/kg/day,
ip) to rats repeatedly for 4 or 9days did not evoke hepatotoxic response as determined by increases in
glutamic pyruvic transaminase (GPT) and glutamic oxaloacetic transaminase (GOT) activities measur-
ed 24howrs following the final dose of betaine. The activities of aminopyrine N-demethylase, pni-
troanisole O-demethylase and p-nitrophenol hydroxylase as well as the contents of cytochrome P-450
were determined in hepatic microsomes of rats treated with betaine (1,000 mg/kg/day. ip) for 4 or 9
days. Repeated treatment of rats with betaine for a period of 4days induced a marginal decrease in
the contents of cytochrome P-450, but did not influence the activities of p-nitrophenol hydroxylase, p-
nitroanisole O-demethylase, or aminopyrine N-demethylase. Extension of the betaine treatment to 9
consecutive days failed to alter the parameters for hepatic drug metabolizing activity determined in the
present study. Since repeated large doses of betaine were demonstrated to be tolerated by rats without
showing any toxicity or changes in drug metabolizing enzyme activities in the liver, this compound ap-
pears to be relatively safe to animals upon long-term ingestion.

Keywords [_| Betaine, Hepatotoxicity, Cytochrome P-450, Aminopyrine N-demethylase, p-Nitroanisole O-
demethylase, p-Nitrophenol hydroxylase.
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Table I — Serum GPT, GOT and SDH activities in
rats treated with betaine for 4 days®

GPT GOT SDH
Group (units/m!) (units/m!) (units/mD)
Control 35662 83.71+11.3 11£7
Betaine
(100 mg/kg) 34747 71.2%14.3 11+4
Betaine
(1,000 mg/kg) 37.8+3.2 75.8=*15.1 10£5

“Rats were treated with betaine (100 or 1,000 mg/kg,
ip) once a day for 4 consecutive days. Control animals
were treated with saline only. Rats were sacificed for
the assay 24 hours after the final treatment. Each
value represents the mean+SD for 6 rats.

Table Il — Serum GPT, GOT and SDH activities in
* rats treated with betaine for 9 days®

GPT GOT SDH -
Group (units/ml) (units/m!) (units/ml)
Control 33.7+5.3 69.1+10.7 13+£5
Betaine
(100 mg/kg) 38.8+2.0 62.5+6.7 11+3
Betaine
(1.000 mg/kg) 29.4+3.6 62.7£7.2 11+3

*Rats were treated with betaine (100 or 1,000 mg/kg,
ip) once a day for 9 consecutive days. Control
animals were treated with saline only. Rats were
sacificed for the assay 24 hours after the final
treatment. Each value represents the mean+SD for 6
rats.
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Table III — Hepatic microsomal enzyme system in rats treated with betaine for 4 dyas®

Liver Weight/ ) Aminopyrine . p-Nitroanisole p-Nitrophenol
Body Weight Protein Content Cytochrome P-450 N-Demethylation O-Demethylation Hydroxylation
B %) (mg/g liver) (nmol/mg protein) (nmol/mg protein/min) B
Control 2.72+0.18 18.04+0.37 0.619+0.01 4.6810.53 1.64+0.19 1.17£0.13
Betaine 2.82+0.25 17.721+1.38 0.5060.06" 5.11+0.34 1.33+£0.10 0.9910.11

*Rats were treated with betaine (1,000 mg/kg. ip) once a day for 4 consecutive days. Control animals were
treated with saline only. Rats were sacrificed for the assay 24 hours after the final treatment. Each value

represent the mean=+SD for 3 pooled samples each made of livers from 2 rats.
"Significantly different from the control group (Student’s t-test, P(0.05).

Table IV — Hepatic microsomal enzyme system in rats treated with betaine for 9 dyas®

Liver Weight/

Aminopyrine p-Nitroanisole  p-Nitrophenol

Body Weight Protein Content Cytochrome P-450 N-Demethylation O-Demethylation Hydroxylation

%) (mg/g liver) (nmol/mg protein) (nmol/mg protein/min)
Control 3.09+0.15 17.61+0.50 0.553+0.02 5.00£0.96 1.44+0.07 1.08+0.07
Betaine 3.13+0.14 18.37+1.13 0.490+0.06° 4.87%£0.36 1.36+0.05 1.00+0.07

*Rats were treated with betaine (1,000 mg/kg. ip) once a day for 9 consecutive days. Control animals were
treated with saline only. Rats were sacrificed for the assay 24 hours after the final treatment. Each value
represent the mean+SD for 3 pooled samples each made of livers from 2 rats.

system® AEEE =AM Table 1ID). Cyto-
chrome P-450¢) 3+2k& betaine o) 93] =79
oF 85% AEE EAFHCZ FIXHUA FrEd e
AR ¢l ZHE A microsomal protein Bl ¥
37} Gtk E betaine ©] cytochrome P-450 ¢|&
A Al & Fd3E FAs7] H8kd am-
inopyrine, p-nitroanisole ¥ p-nitrophenol& 713
2 3} in vitro microsomal assayZ A&} ot
%3 cytochrome P-4509] isozymeol 2l3] diAt= &
Ao & 423 aminopyrine?] N-demethylase 4
29 betaine?] 4Uze] HHEEq] oj3] WMEE Mol
2] 29kth. £% cytochrome P-450 1A, 2B 2@z
2E1 %ol 98 mW7islE p-nitroanisole O-deme-
thylase @40l 2E19) hEH FYAES p-
nitrophenol hydroxylase 4% betaine £l
ol3] W3lE Bolx) gyt

Betaine®| microsomal enzyme systemell th3t
e 27171 935l betaine2 @i 1,000 mg/
kgd] 8Fo 7 94Uz ALK AEtn HAF Fo 2403
3ol 7te] microsomess Ealsle] 9o} FLF AR
& &339H(Table IV). Cytochrome P-450 con-
tent, Fl A< 7] FA 9} microsomal protein 3%
AA froAdgle wistke B2HA gt =3 am-
inopyrine N-demethylase. p-nitrophenol hydro-

xylase ¢ p-nitroanisole O-demethylase2] &4jo]
betaine FodFol| A AWtA 0.2 B4} 27 ohi 7
A3lE e HAoY FAAE foldde w3l
& fdshAl = 3T

n &

o)Akl glycine ©l methyl group °f 371 4%
® F2E 72 Y= betaine®] AN BB
oA = E3tA W AA ¥3 vt Betaine AW
A F2 AAAF NAALELY 989 cholines]
2h2t8 AR E£A41319 cholineol 4] betaine £2]
2+e}8 ojAl= choline dehydrogenase$t betaine
aldehyde dehydrogenase® 7A€ choline oxida-
se system ol 2]3] ul7jE T}t ™® o] system A1 Fol| A
8.9 Aol 718 o choline betaine 2 & 4k}
AlA AR FEAD 2N AFELS THE F
23 71%5¢ 23 e Ao g Yot xe
betaine 7HA one carbon donor?! S-adenosy-
Imethionine® AFAAAA betaine-homo-
cysteine methyltransferasesl 23} mi7}=+= hom-
ocysteine?] methionine©.2¢] methylation ¥+g-oj)
AR E B2 AW E49] AP ¢ T2 93
& 2T YE Aoz B

J. Pharm. Soc. Korea



Betaineo] FEjAt@A o F= g&F 453

A 2o E0]9} betaine RHEL] Uz 7H4
Fofj A sigt o] o8 FEEE AEEAZE BA3)
AAsh= Aoz BFHen? £§ FEE o3
FEAHNME Aldsleibol o8} fEEE HF
GTP 849 4+ Adsh= Aoz ragAnt® A
Halgkde] 7HEAL o] A8 &ujef djAlgAislel
443] A= gle2 usd 4 9 AdAgES
betaine o} 7t} eFEuiAlsEHel WatE FEAA F
A 7HFeAE AAIERa vt F L ¢z AL st
HBAE Fodle 7k FEUAEH o] &4EHULE o
Algdsteti} acetaminophen® 2 AIEAFE
AR B4l o 754 ddo] FAE dAHE
AL EFUATY
£ A7 E 94 52 559 betaine 9
B Rojrl dEHA EAe Fd EHF
GOT, GPT$} SDHY &4 = 93¢ 439
o Hx 9¢ 59 Hdl 1,000 mg/kge] §Fo 2 A
¥ betaine ¥4 GOT., GPT ®ulolugl 78
O uizistn Mgl AR dn®® SDHe) &
Aol = W3tE FEAFA] B o] Ao ueF
9] betaine F7t AFH o2 747]F o4& F =3t
A &L M) bEbA betaine HE tito R
o o AAZE das] 549 A Ao H
=3

3 betaineol P4 ZZE B3 W), A4 &
Aol A Ao WEE FEY M 2AE)
st o] BFo] 7o) FE AV H FE JEFE in
vitrool| A 288ttt A2 cytochrome P-4509) iso-
zymeol| ti A7t AYEAEA dAZA 2 2000970
9] geneo] Y7 oM, 24219 isozymedl] Wig T2
o} Mei=el 718, inducer ¥ inhibitordl o3 &2
AB7t 2355 Qe E38) cytochrome P-450 1,
2, 32 Z}z} B9 family B0l 2l EZ e} diAle
349 dge gddte Aoz pasa Yg?
Cytochrome P-4509] isozyme ¥4 cytochrome
P-450 1A® polycyclic aromatic hydrocarbonsg,
cytochrome P-450 2E1& halogenated hy-
drocarbons¥ nitroscamines& hAMAA FZFH
SAERAZ AN e 8T 9L e AP
& phenobarbitalell 918 €A induction H¥& cy-
tochrome P-450 2BE FHA% 71AAHH & 7R =
HAoz wuge] g} >?

Vol. 40. No. 4, 1996

H AR = 143 betained] ¥HEH¢] Foj= 4
)zl 7+e] F AU microsomal protein®] 3ol 4
g F2 B3t 497 betaine FHE cy-
tochrome P-4509] 3-8 oF 10% W92 SAIH o=
A ZarF o 9Ute R Byt A%
A< 9 cytochrome P-450 338 foZ oz w3
AlF1A] il o] At betained] Foi7} Autra ol
microsomal enzyme system®] 4o & 432 F
7] BEE YAIg

Betaine ©] EA3% 7|3 9] IjAIEA ¢l vlX= 3
T 89l13l7] 98 betaine o] HHEFAH TEZHE
ol microsomes®l4] aminopyrine, p-nitroanisole,
E¥ pnitrophenol?] tAIEAE A3 Yt. Be-
taine®] ¥FE-ZQl Fojd o3 HWH o= ojalGA o]
A 74 F o2 Boji} ojH parameterd A E
A4 dE el E HERNA] 4t Aminopyrined] dl
AR cytochrome P-4502] AA A2 Ao ALE=H =
ANEZ YAHERS thAle] F2 #A3= cytoch-
rome P-450 1, 2. 3 family 25 &8} HpRh"
Betaine®] 4%zte] Fo& aminopyrine N-
demethylase 84 izl B8} ¢ 10% A= &
7MY BAAHR Fo4de HojA ¥gton TH
99 FUoE BEA7|IHe AFANAR ©] X Foll+= e}
£ farelx] #3149t p-Nitroanisole O-demethy-
lation ¥H8-2 F& cytochrome P-450 1Al 2lsj of
AR 2 9= cytochrome P-450 2E13%} cy-
tochrome P-450 2Bel 93X = H3=e Aoz &
A4 g ” 2 AYo|A betaine 2 9U7HA] FolE]
A& W p-nitroanisole®] thAlE Aol EAIH o2 F9
AAE zpolg FuskA gkt £ Algd3teA) a-
cetaminophen} -2 A B AE2 9 EA8AI3) F
2 #od3H= cytochrome P-450 2E 1] oJ3f Mgz o
2 iAEe Ae® el ponitrophenol hy-
droxylation W3 ¥ A] betaine?) ¥HE-2 ¢l Foio o]
3] W33t it

Betaine2 §e} R A2 AR EHE F7)Ate] 38 4
49 AEolth wabx 17|28 S48k UA= be-
tained F712 o2 &4 7beAdo] EAFT £ A
TFAGNA 433t 18-39] betained W LA 7|7t
FoAdz REA 1 AAZ FFHE FEAFIR
Fton QRIGEAS] drlE EIehs Y cy-
tochrome P-4509] 3#3olut aminopyrine N-



454 28 - H9E

demethylase, p-nitroanisole O-demethylase, %
p-nitrophenol hydroxylase @40l ¥3E #2317
Ut L3 betaine AEFEA] AAd F8. 7
of &eba goith Forib 5 AE /= 9%
& FA Fagct depx FEHeE B ATARE
betaine2 RHE-AQl 18 Fojrlox 7H7]5o)t} b
o] EUAEHE F43 ¥skE f238kA e v
2 ki st EAAS AR Qi

Z2Alel o4

o] AT 19948 NSt AlejoRE NEdT
Ale] Aol o)) A A= en ol ZMAP=HUT

#

Mo

1) Harper, A. E., Monson, W. J.. Benton, D. A.
and Elvehjem, C. A.: The influence of protein
and certain amino acids, particularly theronine,
on the deposition of fat in the liver of the rats. J.
Nutr. 50, 383 (1953).

2) B)IEE : Lycium chinense Miller (F#D) REK
5y HTRERTFE. Shikoku Igaku Zasshi. 18, 127
(1962).

3) Beckenhauer, H. C., Barac, A. J. and Tuma, D.
J. * Relationship of administration dietary lev—
els of betaine to hepatic S-adenosylmethionine
and triglyceride. Hepatology 18, 265A (1993).

4) Barac, A. J., Beckenhauer, H. C. and Tuma, D.
dJ. : 5-Aadenosylmethionine generation and pre-
vention of alcoholic fatty liver by betaine. Al-
cohol 11, 501 (1994).

5) Guengerich, F. P. : Roles of cytochrome P-450
enzymes in chemical carcinogenesis and cancer
chemotherapy. Cancer Res. 48, 2946 (1988).

6) Wrighton, S. A. and Stevens, J. C.: The hu-
man hepatic cytochromes P450 involved in
drug metabolism. CRC. Crit. Rev. Toxicol. 22, 1
(1992).

7) Nelson, D. R. and Coon, M. J.: P-450 cy-
tochromes: structure and function. Adv. En-
zymol. 60, 35 (1987).

8) Guengerich, F. P. : Characterization of human
microsomal cytochrome P-450 enzymes. Annu.

Rewv. Pharmacol. Toxicol. 29, 241 (1989).

9) Reitman, S. and Frankel S. K. : A colorimetric

method for determination of serum glutamic ox-
.....aloacetic and glutamic pyruvic transaminase.
Am. J. Clin. Pathol. 28, 56 (1957).

10) Gerlach, U. : Sorbitol dehydrogenase in Methods
of Enzymatic Analysis (Bergmeyer, HU.),
(Verlag Chemie, Weinheim), 112 (1983).

11) Omura. T. and Sato, R. : The carbon momox-
ide-binding pigment of liver microsomes. J. Biol
Chem . 239, 2370 (1964).

12) Nash, T. : The colorimetric estimation of HCHO
by means of the Hantzsch reaction. Biochem. J. 55,
415 (1971).

13) Shigematsu, H., Yamano, S. and Yoshimura,
H. : NADH-dependent O-deethylation of pni-
trophenetole with rabbit liver microsome. Arch.
Biochem. Biophys. 173, 178 (1976).

14) Koop. D. R. : Hydroxylation of p-nitrophenol
by rabbit ethanolinducible cytrochrome P-450
isozyme 3a. Mol. Pharmacol. 29, 399 (1986).

15) Lowry, O. H.. Rosebrough, N. G., Farr, A. L.
and Randall, R. J. ! Protein measurement with
Folin—phenol reagent. J. Biol. Chem. 193 265
(1951).

16) Imaoka, I., Inoue, K. and Funae, Y.: Am-
inopyrine metabolism by multiple forms of cy-
tochrome P-450 form rat liver microsomes. Arch.
Biochem. Biophys. 265, 159 (1988).

17) Soucek, P. and Gut, 1. : Cytochromes P-450 in
rats: structures, functions, properties and
relevant human forms. Xenobiotica 22, 83 (1992).

18) Zeisel, S. H. : Dietary choline: Biochemistry.,
physiology, and pharmacology. Annu. Rev. Nutr.
1, 95 (1981).

19) Grossman, S. R. and Hebert, S. C. : Renal inn-
er medullary choline dehydrogenase activity:
Characterization and modulation. Am. J. Physiol.
256, F107 (1989).

20) Somero, G. : Protons, osmolytes, and fitness of
internal milieu for protein function. Am. J. Phy-
siol, 251, R197 (1986).

21) Finkelstein, J. D., Martin, J. J., Karris, B. J.
and Kyle, W. E. : Regulation of hepatic betaine
homocysteine methyltransferase by dietary be-

J. Pharm. Soc. Korea



Betaineo] SFEtIAIEAS] F& o4 455

taine. J. Nutr. 113, 519 (1983).

22) Kim. S. Y.. Kim. H. P., Lee, M. K., Kim, S. H..

Moon, A., Han, H. M., Huh, H. and Kim, Y. C.

: The effects of betaine on the CCl4-induced
toxicity in primary cultured rat hepatocytes.
Yakhak Hoeji 37, 499 (1993).

23) Kim, S. Y., Kim, H. P., Lee, M. K., Byun. 8. J.,
Kim, S. H., Moon, A., Han, H. M., Huh, H.,
and Kim, Y. C. : The effect of betaine on the
CClyinduced hepatotoxicity in rats. Yakhak Hoe-

'7i.37, 538 (1993).

24) eckriagel, R. O. and Glende, E. A.: Carbon
tetrachloride toxicity: An example of lethal
cleavage. CRC. Crit. Rev. Toxicol, 2, 263 (1973).

25) Asada, M. and Galambos, T. J. : Sorbitol dehy-
drogenase and hepatocellular injury: An ex-
perimental and clinical study. Gastroenterology
44, 578 (1963).

26) Korsrud, G. O., Grice, H. G., Goodman, T. K.,
Knipfel, J. E. and McLaughlan, J. M. : Sen-

Vol. 40. No. 4. 1996

sitivity of several serum enzymes for the de-
tection of thiacetamide-, dimethylnitrosoamine-,
diethanolamine-induced liver damage in rats.
Toxicol. Appl. Pharmacol. 26, 299 (1973).

27) Nelson, D. R., Waxman, D. J, Gonzalez, F. J.
and Nebert, D. W. : The P450 superfamily: Up-
date on new sequences, gene mapping, ac-
cession numbers, early trivial names of en-
zymes, and nomenclature. DNA and Cell Biol -
ogy 12,1 (1993).

28) Raudy, J. L., Kraner, J. C. and Lasker, J. M. :
Bioactivation of halogenated hydrocarbons by
cytochrome P4502E1. CRC. Crit. Rev. Toxicol. 23,
1(1993).

29) Park, S. S., Fugino, T., West, D., Guengerich,
F. P. and Gelboin, H. V. : Monoclonal an-
tibodies inhibiting enzyme activity of cy-
tochrome P-450 from 3-methylcholanthrene-
treated rats. Cancer Res. 42, 1798 (1982).



