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The Effects of Taurine and PB-alanine on Blood Glucose and Blood Lipid
Concentrations in Insulin-treated Diabetic Rats

Kyung Ja Chang'
Department of Food and Nutrition, Inha University, Inchon, Korea

ABSTRACT

The purpose of this study was to determine the effects of taurine supplementarion and taurine depletion on blood glucose and
blood lipid concentrations in insulin-treated diabetic rats. Four groups of Sprague-Dawley male rats were fed the purified diet for
3 weeks : nontaurine-supplemented diabetic rats(EQ), nontaurine-supplemented diabetic rats with insulin treatment(E0+ 1), 1%
taurine-supplemented diabetic rats with insulin treatment(E1+ I ) and taurine-depleted diabetic rats with insulin treatment(EA+

[). Diabetes was induced by streptozotocin injection(50mg/kg B.W.). Isophane insulin was given subcutaneously into the
abdominal wall of the diabetic rats(4 unit/rat/day). E1+ | were supplemented with 1% taurine in drinking water. To induce
taurine depletion, EA+ [ were treated with 5% PB-alanine in drinking water. E1+ [ had significantly higher body weight
compared to that of E0. The food intakes of E1+ | and EQ+ [ were significantly decreased compared to that of EQ. There
was no significant difference in food intake between E1+ 1 and EO+ 1. The water intake of rats was significantly different
among the groups : EO>>E0+ I >E1+ I >EA+ 1. The urine volume of EQ was significantly increased compared to those of
insulin-treated groups. The blood glucose concentration of EQ was significantly increased compared to those of insulin-treated
groups. In the oral glicose tolerance test(OGTT), E0+ 1 and E1+ | had significantly lower blood glucose concentrations
cormpared to EO after 30 min. Also EA+ 1 had significantly lower blood glucose concentration compared to EO after 60 min.
The plasma triglyceride concentration of E1+ 1 was significantly decreased compared to those of EQ and EO+ | . The plasma
total cholesterol and LDL-cholesterol concentrations of EA+ [ were significantly increased compared to those of other groups.
Therefore, it may be suggested that taurine supplementation is useful for insulin-dependent diabetes in order to prevent diabetic
complications such as cardiac vascular diseases. (Korean J Community Nutrition 4(1) : 103~110, 1999)
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2|7 streptozotocine]t}t alloxanze ALt @
o= 'F“Z]"J B'}"“E_" “]’-‘4}‘]%1 135 7‘_6"-:-1-53 2 ‘-PTHEL
Td.g go] o|&3t}(Dillard & Tappel 1971).
A P 52 A5 AR AR}
HojA(Coulston & Hollenbeck 1988) FWAz}E
A% 2 AR, g T gHFel vehdr] 44

(Wolff 1993). A4 v} A4E B #xle] g5 4
2 - fedle B[S FS L2 F e A
o2 BaFYrH(Somogyi & 1994). F=HEERT} A<
o Hl3] BAFHEH] HBFo] GANNTT} 28] ol =

o o|g Ago] FmBA Y] F2 ApEAe] HI
(Mann 1998). 839 Z@4d/t 2352 a5
Al8) A 21.(Sosenko 5 1980), EFHE AA3%] 3tH =
AdFo| ME oz FUAsF] Zy|EgAd RN T
o] 7 #HEH o] FE A (Tamborlane F 1979).

E-¢-d (taurine. 2-aminoethane sulfonic acid)=
W02 A6 o] &= gon 1ol YR E T AlSF
A e S8 gaehe olmwate 24, 4, AR o, 2
2 71l vk F-fEe] Yk (Chesney 1985 @ Wright
1990). 7kl 2E3 conjugationd 3i(Chesney
1985), A4 2 A% 24 F-8(Hoffmann & Lambe-
rt. 1983 Stevens 5 1983), A== ksl J&-(Wri-
ght % 1990), 1% -8 (Emudianughe & 1993), 34t
3} 2+&-(Aruoma 5 1988) 5o Hejdic}.

ELg-lo] EA el G 2 Fatel] HA|=
o] d7=o} gt} (Dokshina ¥ 1976 ; Kulakowaski
Maturo 1984 : Kulakowaski § 1985 : Lampson
1983 : Maturo & Kulakowaski 1988 : Mozaffari
1986 : Tokunaga 5 1979). =2 A 5deA 7d
oF F7ro 2 mla Fdd B3-S streptozotocind] &%
AAAEe D s BEEHE el streptozo-
tocinel 1% miced Bx-HLE AWl streptozoto-
cin® WHEEAe] o3 1¥FE A5}AlZ H(Tokunaga
g 1979). B--YL In vitro ’é?é"ﬂ’ﬁ Zxe FFE F
RNFIH qledel ZES ZAdste Aoz BuHUN
(Lampson 5 1983), glycogen 44, 33 <& =]
A8t B o) ol &% B, TETR Foj¥ s
S Aty BuHsitHKulakowaski & Maturo 1984

: Mozaffari & 1986). =& gdFd elp-AFE7} 7}
& glycogen E37t 7HashE o= uETHLam-
pson % 1983 ; Kulakowaski 5 1985). &-9-H-& ¢14¢
gutoz e Fed dasd $EA ez A
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& Kulakowski 1938).
BFo-dL 7hoja] 2&3) conjugations Bhe] AHke] &
G0} 712 A A Al F8G 9L b o= deHe
(Chesney 1985), H<- AUl SH2e&9] w27t 44
oAV EE gele) A BTN Hold] HEH Hede
FZolu 7k 279 Ze~HE B AL FES W
2 B ¥ rHPark & Lee 1998).
A8 0 F streptozotocinel &3 T2 AFHNTE

Aoz B A (Maturo

= Ao

]_

o] YrE Fusl7] A 65U 7Y ol 3F B
B99g TR Fufdel dHAH Tokunaga F

1979 ; You & Chang 1998). ZL&iu}, alloxan® & i
G A B9 FEFFLR BEH FIUS o F
o] Z7tehe FME RojA ERpRe] R rlAE Ed=

gdtd oz gdex ggAstanehs ety RaHn
(deod - Zshe] 1995). =3 Fufd Fo 1% e
2RE T AN uAE Aol 1% S-S 3% 5
ot 8% FFT Tol vls] 9] oAz 2ujdFel
EolAE A BoA g Foa|z]e] wel Fiel
o) &= 9 2 ekrks lﬂ_oiE]r(You & Chang 1998).

] #Ake] A HaelA

g ZAFHYeH Beds B
FFo2 IEHYHLE B (Fr-
anconi 5 1995)= Tt Aol Al A & 7%F0] St
o= ZAg Arke 2o B3 el-3o] ditEAE 2
st WA 2 F9 AskE 5o S Ty 9HE 1
ddof o&] frese A sl -2 AT ¢ Ak

1 FEHdesRy Base|A(Malone ¥ 1993 Pet-
v = 1990), eb¢=lo] G #xlel & Hzo] ol T
Feke m gl AlsETh

a3eg B Agdas 48502 streptozotocinell
3 18 Fe¥e 25 el FA5IHA 544
gege] ¥g 2 E3 AT uXE 4gg ANEn
A} gt

aE A7 X A
1. AESE N AETN

Aol 180~200g<] Sprague000-Dawley «=ZF 507}
2 g e g5 EAE oA ?075]'04 443 THALE (G
HatR)E Fol A7l & BIAF] FARIEE ¢
Ao 93 470z Vg ¥ £ AR AT 4
2olg 35 Zob ALgaEh(Fig. 1. FEASA 22
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EA-1
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(Week) 0 1 2 3
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EO : Diabetic group  EQ+ | : Diabetic group+Insulin

ET+1
EA+ 1

. Diabetic group+Insulin+1% Taurine
: Diabetic group+Insulin+5% B-alanine

Fig. 1. Experimental design.

23~27C, BLF71E 1243F 24 (light 9 : 00~21 : 00)
o= Ao (Fig. D).

2. MENl,
SERGES

QE =] ?_"\El KIE

FRAREANE go|7] Y8k Aol fiel
monounsaturated fatty acid, glycemic index’} =&
AEo= F49 Ao 2 ALESIATHTable 1). A@4 o]l
AR ARE ARED QIF 55 AE(FHEE, ca-
sein(Murray Goulburn), €573 (F4W7%), o-ce-
llulose(Sigma), DL~methionine(Sigma)£ AM&-&t5irt,
Aol 15 g9y PEo] Yergd 3 ud 33
At BT E TS 1% (w/v) B3 £ Saa X
AHEA WA e, BeE 3A3FER 5% (w/v) A
gaddtd 842 SEEA AREA mAA ST S25
A2 3] Y ThEY] AR $ ud T
gd A FZTE 3H-Fel ¢ 16 1 00419 4 unite] Q&
(Insulatard®MC, Novo Nordisk, Denmark)% 235

o #3FAFI AT (Table 1).

GRS

F2 1647 EAAF| 2 BT streptozoto-
cin(50mg/kg B.W.)-& 0.01 M citric acid buffer(pH 4.
5)ef &3ste] 0.4ml/100g B.W. #43; 55 284
13] Akt AgAo 2 Pxs FI8n, ede 5§
79 citric acid buffer8-9& FAEITHRerup 1970).
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Table 1. Composition of exerimental diet

Components diet(g/100g diet)
Corn starch 60.0
Casein 20.0
o-Cellulose 7.0
Vitamin mixture’ 1.0
Salt mixture? 4.0
DL-Methionine 0.3
Corn oil 4.7
Olive oil 3.0

1) Composition of Vitamin mixture, ghkg mixture : Vit. A Acetate
(500,000 IU per g) 1.8g, Vit. D Concentrate (500,000 IU per g) 0.
2125g, o-tocophero! (1000 1U per g, 50g) 11g, Ascorbic acid 45g,
Choline Chloride(50g) 150g, Menadione(50g) 4.5, Inositol 5g, P-
aminobenzoic acid(PABA) 5g, Niacin 4.25g, Riboflavin 1g, Thiamin
hydrochloride 1g, Pyridoxine hydrochloride 1g, Calcium panto-
thenic acid 3g, Bioten(2g) 1g, Folic acid 0.09g, Vit. Byy(1g) 0.135g
and Dextrose to 1kg

2) Composition of salt mixture. ghkg mixture : CaHPO* 500g, NaCl
74g, K,50, 52g, Potassium citralte Monohydrate 220g, MgO 24g,
Manganous Carbonate(3 - 48% Mn) 3.5g, Ferric Citrate(16 - 17%
Fe) bg, Zinc Carbonate 1.6g, Cupric Carbonate(53 - 55% Cu) 0.3g,
KIQ; 0.07g, Chromium Potassium Sulfate 0.55g, Na.SeQ;, 5H.0 0.
01g, Sucrose to Tkg

A (ExacTech, Medisense) & £43%tn 8492 aorax
£ strip(Boehringer Mannheim) 2= —i‘-zé stod Zk7F 300
mg/dl o141 B8-S Fwrt ikE Aoz 75slgdnt.

4. MF, 4Ol 48T 2 4R 8N

A% Aol g NFAY D8 0 dayE Bel WIF AFL 33
S AQ Hol9A B FEYATL Folg wol el
Aol 2 28,

5. HjMg A H RS HAHOGTT, oral glucose tol-

grance test)

Safd 0F T EEL A7 ¢ o uleA oAl
caged] T&5te] FEG Fo] Holg F2 FFEHT 24
HFE A} cageR RH FHE AW Zekg B39

TR 25 F 2047 AT 1 me] FoA]
it TEA 892 ST 2 50% 22T 29(0.1g

glucose/100g B.W.)& A7FY72 Fo 73'}5’- 30. 60,

g
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120, 1802 maAWHezHE Agsl] & E2H
(ExacTech, Medisense.)E 4 stHct,

6. Ng9 £7 ¥ NN

e 35 3 @EEE: 127417 AAA 7 -8 eth-

erZ JPEA vIHA A ERgEDA Adeigch dde
45314 (5% EDTA)Z nlal Hol% tubed]) Ex 2 4]
T2 & g 3000rpmel A 1087 daRasle] 242
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2sdn}. TSR tubes] B
AAA -10C YEL) RAJAT.

A ol gol #4

7. 8% triglyceride ¥ cholesterold™

29 triglyceride F &+ triglyceride 2734 kit=Z A
2|3 & AEE47](CH-100, Seak)E AH43te] S35
o} d39] total cholesterol =9 HDL~cholesterol &
%% total cholesterol @ HDL-~cholesterol 738 kit Al
oko g Ztz} WhE-A17) F AFEA7) (CH-100, Seak)Z 5
Astdrt. LDLcholesterol =% o 244 ¥79] A
AFEE o] &3le] FAd o3 2=e %t

8. 3HA=

HEZAE SASE o83t ZF AT Ao FEL
A2 AAslEz, ANOVA test ¥ Duncan’s multiple
range testel] &]3] zt AP L 7o F-2AE FFINA

LN O L

39
2 5 49 2794 BE Aua 438 494

Aol iRt 48 3FdE 1% B4 Fo g™

ARTEL+ 1)) Tz (E0) v§ f25ez A
o ]% It tH(Fig. 2).

ARFTEY A 1 BNl aZAYe AedE o7
5% HJ]E}C’E‘E}EJ Fof Sl B (EA+ 1) 29 354

El+ I ey =3 Z].m A= (E0+ 1)) vjE)] AFe]
7Hdle AEE Holul, A+ 1 9] Ao|dF ko] E1+ [ b
E0+ 1 9] 2leo]id# ol w3 o]y o vholr @ixel] &
g gtol7) Bl Aol dHHe Ae|ijF oz AlRHET
AHH 02 streptozotocinel e FEE FaHe A

3001

ﬁﬁﬁgﬁﬁi?ffffé

ol o] A4F ) v FTriehe W AEE2 &
3] BolX 2 A Fo] sty eled AR L B35 194
o2 e fEasg-o velvtn ¥ 1Yo (Trachman 5
1992), & A3 e Axfel LA e,

E}9-Fo] mkele) HApdge] Aozt AL ¥
ol@H(Sturman & Messing 1991 ; Sturman & Me-
ssing 1992), R 7 F=Ald] ZAH o7 FgEhe] 23
oM BREE ngAFE 17 guanidinoethyl sulfon-
atet} 5% WElIEAS F oA F5hH A7 Lo
BT EuHAHLake 1982 : Lake & Marte 1988).
B Ao 49 AZ AMgs] defE ¥ 37 5
5% HEldEiS Jgdx 5o PEsle] Fojsldong
ER9-E agel 9)F] AF e Apolst vehtA] @gkvia Al
st ool W3 FEel Aot ¥ e ded dF
7t 8.7AtH(Fig. 2).
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Table 2. Effects of taurine supplementation and taurine depletion
on diet intake, water intake and urine volume of insulin-treated di-
abetic rats

Week

Fig. 2. Effects of taurine supplementation and taurine depletion on
growth curves of insulin-treated diabetic rats. *p<{0.05

2 200t

= i 1 Grou Diet intake Waler intake Urine volume

;;'f 150F P g/rat/day mifrat/day ml/100gB.W/day

= —=—E0 : Diabetic group EQ 40.004£1.72° 238.33+7.02° 119.78+5.34°

s 1001 ——E0+ ] : Diabetic group=Insulin b " b n b

= ——E1+ 1 : Diabetic group+Insulin+1% Taurine EO+ 1 24'86i0'51h 87.22£5.60 16'40_4'62[}
50__ ——EA+ 1 : Diabetic group+Insulin+53% B-alanine BT+ 1 2538+£1.25 50.56+6.69° 16.20+4.60
0 . ‘ EA+ 1 14574104  2643+3.40° 5.75+0.75"

0 1 2

EO : Diabetic group, EO+ [ : Diabetic gruoup+nsulin, E1+ I : Di-
abetic group+insulin+1% Taurine, EA+ I : Diabetic group+In-
sulint5% P-alanine. Values are mean=£S.E. Means with different
letters are significantly different at p<{0.05 by Duncan's multiple
range test.



EA+ 28] 2elidszke] E1+ [ Folut BO+ [ 2R}
FoH R Zad A B U8 EA+ T2 3o
El+ I EO+ 1o B3 #Zrasdls Ade Jehd Aol
7] Bohs Ao el 2]z} Al W E AL AlAk

Q1&d ARE(E0+ 1)d] s %a]zq HaEa
5% weldZhd o <led JZF(EA+ ] )o] O
d A 5T v freld e g o Z4sgtHTable 2).
AEA0F streptozotocin®] 23 F+EE F=HE
A&l 13 *’F“E—’E%I 7o) TH) o Frketin E‘J-Elﬁi
o 5 1994 - F 97 - o]&A) 1995 1 Malabu %
1994 : MCNelll 5 1991), 2 24N FufdE el
Aaet 84 1% =S9dL FA9E ° E1+ [ 70| E0+
[ R FEAH 7 w‘*’r-ﬂz—‘i‘ji ZraEA Y B
7t F8 B34 -2 (polydipsia)e @3}sh= Ao
EW-E} aely, BEnzTe] EA+ 1 ZAME S8
3 Fo] S ZhaslolA Qg e AU Bled B
EQH PAE FH9L 5 = A7 LTI

&

.

l

AE 25 Zo] metabolic cageZ ©]&3la] &35 244

FE FaUET(E0) w3 ZE Jd&d XE5F

ol fejHoz Zrhstg o) Bhed HFES Qed XEF

D)3 1% 299 Fof Qg9 JAZT(EI+ 1) Tl

= 9HQl Ael7t gitHTable 2). 5% detdstd &

o Qedl ASF(EA+])L BO+ 1ol Bl1+ 139

v Qujdke] kA Aol o foHolX o
kT,

Streptozotocin®t} alloxane & #Hol A =g 23}
A 1rJLT:ro(polyurla)a Bty BuHeH(0daka
& Matuso 1992 ; &3 - ols=A) 1995), ¥ A&Ax} ¢}
g4 AR 93 teF "}O] gte| gl ot Bl 12
oM E 23] Qo] B FojTol H|F) Zhis)
T A%E BoA ehedo] Ao sl vXe o
ol A APt F5AF7F L4 (Table 2).

3. BABEEHN
Tt T e N8 ¥4 1% SedLdolu 5
% Wetdd S0 Fodle] zhet i

& (glucose tol-

: 30

TRE FH0E ZAEEY B 22wl e
FTd Q¥ ARFEA+ [)E 60F o|FTHE EOF
o Hlsh folH oz Frol %ié'}iit}

3 2 i“’] 99w
19 B B Ta0 FAHOAE @AL e 3

HellA E1+ [ 9]

[w]
E{lE‘

AN HPATe frAfst ﬁ@'— E‘}&
I3 streptozotocin .2 WnE ‘ﬂa?_ HAlA 0.1%
SHENe FFY T2 HESHRY FuaT FEA
ol foHel xeojg HelA| 2ok (Goodman 1990)

B30 %h—:ﬂﬁq ﬂé%’f o) ] & Gkl dose effect”} 1t

p

Btrighyceride s =

B O E streptozotocind] 93] HixE F28 F <l
272 dEdAN 5 B 1% BR-2ot 5% vlE
A 8d8 Bodg o] A triglyceride(T() %
Ao ARE

$9 H%e] B

o

Table 3ol veloict.
=T (E0)elut el-¢-8 u|&o Qe

0 30 60 20 120 150 180
Mnute

—=—EO : Diabetic group

—=—EQ+ | : Diabetic group+Insulin
——ET+4 [ : Diabetic group+Insulin+1% Taurine
—»—EA+ | : Diabetic group+Insulin+5% B-alanine

Fig. 3. Effects of taurine supplementation and taurine depletion on the
oral glucose toleranone test of insuin-treated of abetic rats. *p<0.05
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Table 3. Effects of taurine supplementation and taurine depletion on plasma triglyceride, total cholesterol, HDL-cholesterol and LDL-cho-

lesterol concentration of insulin-treated diabetic rats

Plasma triglyceride level
Group gly eve

Plasma total cholesterol

Plasma HDL-cholesterol  Plasma LDL-cholesterol

(mg/dI) level(mg/dl) level(mg/d)) level(mg/dl)
£0 46.33+6.81° 79.11+8.19° 37.27+7.75% 51.10+£4.87°
E0+ 1 43.0046.25° 67.22+5.06™ 4056+667° 39.93+4.51°
El+ 1 23.00+£3.19° 54.22+5.35 28.39+2.68" 38.314£6.91°
EA+ [ 34.33+£4.84" 137.86%7.06° 33.10+1.98° 111.54+4.77°

EOQ : Diabetic group, EO+ T : Diabetic group-Insulin, E1+ [

: Diabetic group+Insulin+1% Taurine, EA+ 1

: Diabetic group+Insulin+

5% B-alanine. Values are mean=$.E, Means with different letters are significantly different at p<{0.05 by Duncan's multiple range test.

b
M

g AZE(E0+ 1) ¥d] 1% e T lsd X
(E1+ 1)eo] 8¢ TGsR7} fFeld oz 74239 5%

Heldghd o el AZT(EA+1)Y 8% TCEE
= BE0TF E0+ [ 7ol vl Zadhe A%E Bolit 79
FHolA] gt} Streptozotocin® ® FxE FHE Fo Al

0.1% EF-A-&92 FF5HE BFpEH| R Fizd ¥
249 TGFE7t ¥ e g Z4HA oM (Goodman
1990). streptozotocin-ﬂ-‘:‘é Tl A 1% e £4%
Fafd AFE FFEIE TFAG Augle] dxke
TG¥ =7t w—la-l_i 245932 (You & Chang 1998)
Hugged, ol & 4¥9| Ao} AXghe},

@4 TGEE+= lipoprotein lipase(LPL)°ﬂ 9«]'5 chy-
lomicron® VLDL®] &3] &3] Aatsx AEed2 VL~
DL A4, LPLe] &4 B dg2 "]Z]Ui(K.lnn—
unen ¥ 1983), 39 79 VLDLY A48L 713t
3 LPLA| & &8lw Z4std % TGsEE $71344)
ArH(AA1Y 1993). Streptozotocine @ fitd @7 9
S48 AZAEY 71T FEUL BeRe nos &
Btz Bie] v]3o] & d)(Tokunaga 5 1979), -
d 1o 2 HAAMNEE v)Fo] s &R BH|d &l
LPLe] &4& FAAA 83 TG B58 %E 5 = 71
AR glert, E0+ [ o] E0Fel & 3 TGE=d
o] 24 <l Zol7} glojA] eh¢Eo] Q& “v”"HMI ”?ﬁ]h

koo t}2 7|He2 AF ¥4 TGRS 9}
o AEEY
2) "% total cholesterol, HDL-cholesterol 3 LDL-cho-
lesterol 5

98 Fo o&d NZ2F(E1+ 1)L g8 H]F 7
ERFE Y B HFS el A&HE+ 1)
o d])s] X total cholesterold] =7} 4e& o8 7Hi
89, E0+ [ T2 E0Tl ¥ls] 84 total cholesterol
557 Zashe A Bolu fodolxEe @tHTa-
ble 3). HElgzEld Fol 9% ART(EA+ 1) T2

AT vl& 4 total-cholesterol T=7F &=
2t} 7470l F7het Tt

g4 HDL-cholesterol®] &+ El1+ [ #v EA+ 1
o] E0Td vl sl AgE Bolut fFofAelx) &
%em, E0+ [ 2 vjdiMe 8oz ZA4sout E
0+ [ &2 E0=e] 9|3 84 HDL-cholesterol =7} &
7¥ehz A Rolv foHelA] ggtem, o) strep-
tozotocinf i FuFAA Jed S FABIE S o Fxcl
Z73% 8% HDL~cholesterol =7} #2143l zle]& B
oA gt AgaAT Az dXFH(Durrington &
Stephens 1980).

ELERl 1270 EA+ 122 uE J4E T vg) 24
LDL~cholesterol®] F =71 fre]Ho =z 28] o] S71a519
H(Table 3). o]z{3 Fah= 9148 &3 Fawisrl
A B-t-Ho] FFEA 8 total cholesterol ¥ LDL-
cholesterol & A5o] Jxe] FHE H4EAAH9
Ageqlos 2gd & 98-S AR Fx Yot A&
& Ty gate] @47 d4ARA e T2t
oo g i on BgEE BEE S0 A7)
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