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This study was to investigate the effect of betaine on the hypoglycemia and hepatoprotection of strep-
tozotocin (STZ)-induced diabetic rats. Male Sprague-Dawley rats weighing around 280 g were ran-
domly assigned to the three experimental groups: a healthy normal group and two groups with
STZ-induced diabetes and fed either control diet or betaine diet. Betaine given to the STZ-diabetic rats
had significant effect in lowering the serum glucose concentrations compared to the STZ-diabetic rats.
The alanine aminotransferase (AST) and aspartate aminotransferase (ALT) activities and triglyceride
contents in serum were dramatically higher in the STZ-diabetic rats, but these increases in relation
to diabetes also decreased in the STZ-diabetic rats fed betaine. However, the total-cholesterol concen-
tration in the STZ-diabetic rats was even increased by betaine. The morphology of the pancreatic islets
in the normal rats showed a typical round form, but most of the islets in the STZ-diabetic rats showed
severe morphological alterations by being markedly destroyed. However, the islet morphology of
STZ-diabetic rats given betaine mostly maintained a normal rounded appearance. The present study
strongly suggests that the administration of betaine showed a moderate hypoglycemic effect by pro-

tecting the pancreatic beta-cells by morphological examination from STZ-induced destruction.
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Introduction

Betaine is an intermediate in an oxidative metabolite of
choline, and is abundant in animal tissues as well as
plants[9]. Betaine has been used a traditional remedy for
hepatic disorders in Southeast Asia. Dietary intake of be-
taine is estimated at 0.5~2 g/d generally, and major food
sources are wheat products, beets, spinach, Hamcho
(Saliconia herbacea L.) and Boxthorn (Lycium ohinense)[2,19,
28]. Betaine has been found to protect the liver against car-
bon tetrachloride-induced lipidosis[5] and ethanol-induced
hepatotoxicity[13]. Betaine is used as therapy to lower
plasma homocysteine in hyperhomocysteinemic patients[3].
Recently studies showed that supplementation with 1.5
g/d of betaine, which is in the range of daily intake, low-
ers fasting plasma homocystein concentration in healthy
humans[24], and this compound was approved for a drug
in the treatment of homocystinuria by FDA[I].

Cardiovascular diseases are the major cause of death in
diabetic patients, and there has recently been much interest
in the possible role of homocysteine in the development of
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cardiovascular diseases in the diabetic patients[14,29]. Zied
A et al. reported that cardiovascular complications in type
2 diabetes patients are known to be associated with high
levels of homocysteine[8]. Insulin treatment prevents the
increase in the plasma homocysteine concentrations in the
diabetic rats induced by intravenous administration of
streptozotocin. Betaine supplementation in humans has al-
so been shown to lower plasma homocysteine concen-
trations in modestly hyperhomocysteinemic patients. In ad-
dition, betaine also plays an important role in lipid metab-
olism under ethanol or carbon tetrachloride-induced hy-
perlipidemic conditions[30]. However, the hypoglycemic
effect of betaine in STZ-induced diabetic rats has not been
studied. In the present study, we used a STZ-induced dia-
betic rat model to investigate the hypoglycemic and hep-
atoprotective effects of betaine.

Materials and Methods

Animal and Experimental design

Seven-week-old male Sprague-Dawley rats were pur-
chased from Hyochang Science (Daegu, Korea), and housed
individually in suspended wire-mesh stainless cages in a
temperature (21~247) and light (08:00~20:00) controlled
animal room. The composition of a semi-synthetic diet was
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as follows (g/kg); starch 400, casein 200, sucrose 200, con
oil 100, cellulose 50, mineral mixture (AIN 93) 35, vitamin
mixture (AIN 93) 10, DL-methionine 3 and choline bitartrate
2. Betaine anhydrous (Danisco, Finland) supplementation in
the STZ-betaine rats was replaced with starch at the level
of 1% (w/w). The rats were divided into groups according
to their treatment protocol. The rats were fed a semi-syn-
thetic diet supplemented with or without betaine 10 g/kg
body weight for 3 weeks. The streptozotocin solution was
prepared in 0.05 M citrate buffer (pH 4.5), immediately pri-
or to injection into intraperitoneal with dosage of 50 mg/kg
body weight following overnight fasting. Diabetes was de-
fined as a blood glucose concentration above 300 mg/dl 48
hr after the streptozotocin injection. The body weights were
recorded every week, and the water and food intake were
recorded by every other day.

Analytical procedure

In the end of the treatment period, after 12 hr of fasting,
the rats were placed under light diethyl ether anesthesia and
sacrificed by withdrawing blood from the abdominal aorta.
The serum was separated by centrifuging the bloods at 1,026
g for 15 min. The pancreas were quickly removed and
weighted, with the tissue weights onto the absolute (g) or
relative weights (g/100 g body weight). The concentrations
of total-cholesterol, HDL-cholesterol, triglyceride, glucose,
fructosamine and the activities of AST, ALT and lactate de-
hydrogenase (LDH) in serum were measured in the clinical
laboratory of the Neodin Medical Institute (Seoul, Korea).

Pancreatic histopathological examination
The pancreas were carefully removed for morphological
examination, and immersed in 4% paraformaldehyde pre-

pared 0.1 M phosphate buffered saline (pH 7.4), embedded
in paraffin, and cut into 6-ym thick for Hematoxylin &
Eosin staining as described previous{16,22].

Statistical analysis

The data from animal experiments are presented as the
meantS.E, and were analyzed using a one way analysis of
variance (ANOVA), with the differences analyzed using
the Duncan’s new multiple-range test{7]. A p value <0.05
was accepted as being a statistically significant difference.

Results and Discussion

Body weights, pancreatic weights, and water and
food intake

The body weight gains, water and food intake, and ab-
solute and related pancreatic weights are presented in
Table 1. Generally, the body weights are reduced in
STZ-induced diabetic rats and recovered subjected to hy-
poglycemic treatment|4,5]. The body weight gain was sig-
nificantly lower in the STZ-control rats compared to the
normal rats, as expected[4,5]. However, the body weight
reduction by STZ-treatment was markedly greater in the
STZ-betaine rats than STZ-control rats. The water con-
sumption and food intakes were also significantly in-
creased in the diabetic animal groups compared to the nor-
mal rats, however, both parameters were markedly lower
in the STZ-betaine rats than those of the STZ-control rats.
The absolute and relative pancreatic weights were not sig-
nificantly different.

Blood glucose and fructosamine concentrations
The fasting blood glucose and fructosamine concen-

Table 1. Body weight gain, pancreatic weights, food intake, and water intake in the STZ-induced diabetic rats

Normal Control Betaine
Ingredient - o
Streptozotocin-induced diabetic rats

Body weight

Initial (g) 289.0 + 6.40° 2833+ 2.03° 2850+ 2.52°

Gain (g/3 weeks) 4713 £ 6.25° 28+ 252° 58+ 267°
Water intake (ml/day) 2813 + 2.25° 217,50 + 25.36° 121.67 + 30.27°
Food intake (g/day) 8.94 £ 1.82° 1658+ 1.72° 1292+ 205®
Pancreas weight

Absolute (g) 0.85 + 0.06 072+ 012° 068+ 0.05°

Relative (%)" 0.25 + 0.01° 028+ 0.05° 025+ 0.03°

*>Values with different letters are significantly different at p  0.05.

Values are means*SE of six rats per group.
Relative(%) = g/100 g body weight



trations were significantly increased in the STZ-control rats
compared to the normal rats (Fig. 1), but these concen-
trations were slightly decreased in the STZ-betaine rats
compared to the STZ-control rats. Fructosamine is a risk
factor for the development of hyperinsulinemic insulin re-
sistance and type 2 diabetes mellitus[16]. Fructosamine in
diabetic patients is used to evaluate long-term control of
diabetes mellitus, and most accurately reflects the previous
2~3 wk of glycemic control{23]. The correlation between
fructosamine and plasma glucose levels was observed in
this study.

AST, ALT and LDH activities
Liver disease is one of the leading causes of death in per-

sons with diabetes mellitus. Diabetic patients can present ab-
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normal liver chemistries, from benign nonalcoholic fatty liv-
er disease to severe cirrhosis of the liver, because liver dis-
ease is associated with impaired glucose tolerance and dia-
betes mellitus[11,23]. The activities of AST and ALT are gen-
erally increased by metabolic changes in the liver due to the
administration of toxins, such as diabetic-inducing STZ or
alloxan[10,23]. Thus, the serum AST and ALT activities can
be used as biomarker for monitoring the extent of hepatic
injury in diabetic mellitus. The activities of ALT and AST
have previously been reported to be significantly higher in
the STZ-induced diabetic rats and genetically diabetic
Zucker rats compared to the corresponding normal rats[10].
The AST and ALT activities were significantly higher in the
STZ control rats than the normal rats, but the rise was sig-
nificantly lowered in the STZ-betaine rats (Fig. 2). The re-
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Fig. 1. The concentrations of serum glucose and fructosamine in the STZ-induced diabetic rats.
*Values with different letters are significantly different at p 0.05. (mean+S.E., n=6).
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Fig. 2. The activities of ALT, AST and LDH in serum of the STZ-induced diabetic rats.
**Values with different letters are significantly different at p <0.05. (meanS.E., n=6).
AST: alanine aminotransferase, ALT: aspartate aminotransferase, LDH: lactate dehydrogenase.
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Fig. 3. The concentrations of serum triglyceride, total-cholesterol and HDL-cholesterol in the STZ-induced diabetic rats.
**Values with different letters are significantly different at p <0.05. (mean+S.E., n=6).
TG: triglycerid, HDL-chol: high-density lipoprotein-cholesterol.

duction in serum AST and ALT activity in the STZ-betaine
rats returned to the levels of the normal rats. Thus, the pres-
ent study confirmed the hepatoprotective effect by betaine
on the hepatic injury in the STZ-induced diabetic rats. The
LDH activity was slightly decreased in the STZ-control rats
and significantly decreased the STZ-betaine rats compared
to the normal rats (Fig. 2).

Serum concentrations of triglyceride and cholesterol

The prevention of common chronic disorders, such as ar-
teriosclerosis, hyperlipidemia, hypertension and hepatic in-
jury related to the development of diabetes mellitus, has
become a topic of interest in recent years[6,25]. Hyperlipi-
demia is a major risk factor leading to lifestyle-related dis-
eases, obesity, arteriosclerosis and hypertension, and much
attention has focused on improving serum lipids by the in-
take of functional foods, and is the major risk factor leading
to arteriosclerosis in diabetes mellitus[6,27]. Although these
perturbations progress with the development of diabetes, it
seems possible to delay and/or prevent these developments
through improvements in the diet and nutritional fac-
tors[15,17]. The serum triglyceride concentration was sig-
nificantly higher in the STZ-control rats than the normal
rats (Fig. 3). However, this rise was significantly lowered in
the STZ-betaine rats compared to the STZ-control rats (Fig.
3). The reduction in serum triglyceride concentration in the
STZ-betaine rats returned to the levels of the normal rats.
This result suggests that the betaine lowers elevated blood
triglyceride concentrations in diabetes-related rats. There
were no significant difference in the total-cholesterol and

HDL-cholesterol concentrations in serum between the nor-
mal rats and the STZ-control rats, but these concentrations
in the STZ-betaine rats were significantly increased com-
pared to the normal rats. Previous studies also reported
that betaine supplementation increased plasma low-den-
sity-lipoprotein(LDL)-cholesterol
homocysteinemic patients{29] and in healthy humans[21].

in  modestly hyper-

Histopathological changes of the pancreatic islet
cells

The typical arrangement and shape of pancreatic islets
in the pathological experiment was observed in most of
the pancreas of the normal rats (Fig. 4). As previously ob-
served[18], the islet cells were markedly shrunken and
rather irregular in shape, after STZ treatment in rats (Fig.

Fig. 4. Histopathology of pancreatic islets in the STZ-induced
diabetic rats (200 x magnification). The sections were
stained with hematoxylin and eosin to demonstrate the
general islet morphology.



4). However, these morphological alterations were less se-
vere in the STZ treatment rats given betaine, as the islets
mostly maintained a normal rounded appearance. The
present study strongly suggests that the administration of
betaine plays important roles in protecting the pancreatic
beta-cells from in STZ-induced destruction for normal glu-
cose homeostasis.

Thus, the present study demonstrated that the admin-
istration of betaine in the STZ-diabetic rats almost results
in the prevention of the diabetogenic action of STZ.

Acknowledgment

This work was supported by a grant from Silla Univer-
sity Regional Innovation System (RIS) Research Fund.

References

1. Anonymous. 199. Proscription Drug Product List. 16th
ed. Washington, DC: US Food and Drug Administration.

2. Bessieres, M. A., Y. Gibon, J. C. Lefeuvre and F. A.
Larher. 1999. Single-step purification for glycine betaine
determination in plant extracts by isocratic HPLC. J.
Agric. Food Chem. 47, 3718-3722.

3. Bostom, A. G., D. Shemin, M. R. Nadeau, V. Shih and S.
P. Stabler. 1995. Short term betaine therapy fails to lower
elevated fasting total plasma homocysteine concentrations
in hemodialysis patients maintained on chronic folic acid
supplementation. Atheosclerosis 113, 129-132.

4. Cha, . Y, B. S. Jeon, ]. W. Park, G. G. Shin, B. K. Kim,
H. K. Kim and Y. S. Cho. 2004. Hypoglycemic effect of
mushroom fermented milk in streptozotocin induced dia-
betic rats. . Life Sci. 14, 676-682.

5. Cha, J. Y, B. S. Jeon, ]J. W. Park, B. K. Kim, C. Y. Jeong,
J S Ryu C K Choi and Y. S. Cho. 2004
Hypocholesterolemic effect of yogurt supplemented
Saliconia herbacea extract in cholesterol-fed rats. ] Life
Sci. 14, 747-751.

6. DeFronzo, R. A. and E. Ferrannini. 1991. Insulin resist-
ance : A multifaceted syndrome responsible for NIDDM,
obesity, hypertension, dyslipidemia, and atherosclerotic
cardiovascular disease. Diabetes Care 14, 173-194.

7. Duncan, D. B. 1957. Multiple range test for correlated and
heteroscedastic means. Biometrics 13, 164-176

8. Hoogeveen E. K,, P. J. Kostense, P. ]. Beks, A. J. Mackaay,
C. Jakobs, L. M. Bouter, R. I. Heine and C. D. Stehouwer.
1998. Hyperhomocysteinemia is associated with an in-
creased risk of cardiovascular disease, especially in
non-insulin-dependent diabetes mellitus: a population-
based study. Arterioscler Thromb Vasc. Biol. 18, 133-138.

9. Janssens, G. P. ], De H. D. Rycke, M. Hesta and De R.
O. M. Wilde. 1999. Analysis of carnitine, betaine, ¥

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

Journal of Life Science 2006, Vol. 16. No. 5 771

-butyrobetaine, and separate short-chain acylcarnitines in
pigeon plasma, crop milk and tissues by HPLC coupled
with UV-detection. Biotechnol. Technig. 12, 231-234.
Jeon, B. S, J. W. Park, G. G. Shin, B. K. Kim, H. K. Kim,
Y. S. Cho and J. Y. Cha. 2004. Effect of fermented mush-
room milk on hyperlipidemia and hepatic injury in strep-
tozotocin-induced diabetic and Zucker diabetic fatty rats.
Food Sci. Biotechnol. 13, 576-580.

Jia, D. M., A. Tabaru, T. Akiyama, S. Ade and M. Otsuki.
2000. Fatty liver, chronic viral hepatities and autoimmune
hepatities. Troglitazone prevents fatty changes of the liver
in obese diabetic rats. ] Gastroentrol. Hepatol. 15,
1183-1191.

Junnila, M,, A. ]J. Barak, H. C. Beckenhauer and T. Rahko.
1998. Betaine reduces hepatic lipidosis induced by carbon
tetrachloride in Sprague-Dawley rats. Vet. Hum. Toxicol.
40, 263-266. '
Kanbak, G., M. Inal and C. Baycu. 2001. Ethanol-induced
hepatotoxicity and protective effect of betaine. Cell
Biochem. Funct. 19, 281-285.

Kang, 5. S, P. W. K. Wong and M. R, Malinow. 1992,
Hyperhomocysteinemia as a risk factor for occlusive vas-
cular disease. Annu. Rev. Nutr. 12, 279-298.

Kiho, T., A. Sobue and S. Ukai. 1994. Structural features
and hypoglycemic activities of two polysaccharides from
hot-water extract of Agrocybe cylindracea. Carbohydrate
Res. 251, 81-87.

Kim, Y. S. Y. H. Kim and E. W. Cheon. 2003. Retinal ex-
pression of clusterin in the streptozotocin-induced dia-
betic rat. Brain Res. 976, 53-59.

Konno, S., D. G. Tortorelis, S. A. Fullerton, A. A. Samadi,
J. Hettiarachchi and H. Tazaki. 2001. A possible hypo-
glycaemic effect of Maitake mushroom on type 2 diabetic
patients. Diabetic Medicine 18, 1010-1011.

Lee, J. J, H. Y. Yi, J. W. Yang, ]. S. Shin, ]. H. Kwon and
C. W. Kim. 2003. Characterization of streptozotocin-in-
duced diabetic rats and pharmacodynamics of insulin
formulations. Biosci. Biotechnol. Biochem. 67, 2396-2400.
Lee, C. H, I. H. Kim, Y. E. Kim, S. W. Oh and H. J. Lee.
2004. Determination of betaine from Saliconia herbacea L. .
Korean Soc. Food Sci. Nutr. 33, 1584-1587.

Ohaeri, O. C. 2001. Effect of garlic oil on the levels of var-
ious enzymes in the serum and tissue of streptozotocin
diabetic rats. Bioscience Reports 21, 19-24.

Olthof, M. R, T. van Vliet, P. Verhoef, P. L. Zock and M.
B. Katan. 2005. Effect of homocysteine-lowering nutrients
on blood lipids: results from four randomised, place-
bo-controlled studies in healthy humans. PLOS Med.
2(5):e135.

Park, 1. S, Y. Z. Che, M. Bendayan, S. W. Kang and B.
H. Min. 1999. Up-regulation of clusterin (sulfated glyco-
protein-2) in pancreatic islet cells upon streptozotocin in-
jection to rats. | Endocrinol. 162, 57-65.

Schnedl, W. ], S. J. Wallner, C. Piswanger, R. Krause and
R. W. Lipp. 2005. Glycated hemoglobin and liver disease
in diabetes mellitus. Wien Med. Wochenschr 155, 411-415.



772

BB AHRIX| 2006, Vol. 16. No. 5

24. Steenge, G. R., P. Verhoef and M. B. Katan. 2003. Betaine

25.

26.

27.

supplementation lowers plasma homocysteine in healthy
men and women. J. Nufr. 133, 1291-1295.

Talpur, N., B. W. Echard, T. Yasmin, D. Bagchi and H. G.
Preuss. 2003. Effects of niacin-bound chromium, Maitake
mushroom fraction SX and (-}-hydroxycitric acid on the
metabolic syndrome in aged diabetic Zucker fatty rats.
Mol. Cell Chem. 252, 369-377.

Willett, W., J. Manson and S. Liu. 2002. Glycemic index,
glycemic load, and risk of type 2 diabetes. Am. J. Clin.
Nutr. 76, 274 - 280S.

Yudkin, J. 1998. Sucrose, coronary heart disease, diabetes,

28.

29,

30.

and obesity: Do hormones provide a link? Am. Heart |.
115, 493-498.

Zeisel, S. H, M. H. Mar, ]. C. Howe and J. M. Holden.
2003. Concentrations of choline-containing compounds
and betaine in common foods. ]. Nutr. 133, 1302-1307.
Zeisel, 5. H. 2006. Betaine supplementation and blood lip-
ids: fact or artifact? Nutr. Rev. 64, 77-79.

Zied, A., M. Ouoi, M. Chahib, E. Olfa, N. Brahim, M. Hedi,
H. Habib, Z. Borni and M. Salem. 2005. Homocysteinaemia
and degenerative complications in non insulin dependent
diabetes mellitus. Tunis. Med. 83, 537-540.

&2 : Streptozotocin-S S0 HIEI! HTI0 Q8 Sz Y 2ES &Y

Sprague-Dawley 4% 9)) streptozotocin (50 mg/kg body weight)-& &7 FA}8}
A(1%, w/w) d7tol 93 B9 L AHS ZHE FESIGT) Streptozotocin-&-1
tosamine F =7} A3 F7HtAL, ol 7t WE FAR ZAsA

HAE - U - AN - 2ET - 0184 - A
_-TL

TEAZ] BT wE
d Faaol A A 2 fruc-
715 9] biomarkerZ Al&E+&
q
&

alanine aminotransferase (AST) @ aspartate aminotransferase (ALT) 34 & Dol A3 Z713 vy 74
B3 a7t sle e B9 @xdMe AT $E22 BP0 By 7 £46d a3} e Ao
Z Ugigth 85 AAD FEC TadAA A3 st o, HE] Fdd o8 JAE FEAA Ba
dHor, & ZU2HE v WER] Al o8 FU18tAn AR 229 2AAANNA HAE AT FAA
A Y 2ol AATANE Z HAHALU, Streptozotocin-f+ i A= HAE AXY Bzt dojyt
on, HE Fod M e 358 Ao Vet o4 ARE B o FuFoN W Fod o
g3s ade AFY AzAE 33 9A¢ 4§ Aoz AU



