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ABSTRACT

Th 5 study was conducted to determine the effects of taurine and vitamin E on
athcroscle ‘otic lesions in H202-induced atherpsclerosis maodel in rabbits, Rabbits were
firstly treaed with daily intake of 0.5% H202 in drinking water for 60 days, then divided
ine 3 greups Jeft for 12 weeks and treated as follow: Group 1; no further treatment,
Gravp 2; reated with taurine that dissolved in drinking water at 0.3% (w/v) daily, and
Grovp 3 reated with vitamin E in the diet as 400 mg/Kg feed. Results confirmed the
persistenc+ of atherosclerotic lesions till 12 weeks post treatment with H202. Taurine
and vitar 1 E teatment showed the same effects on some biochemical profiles. Taurine
trealmert lecreased serum levels of total cholesterol by 41.5%, triglycerides by 31.5% as
wel as @ decreased in serum atherogenic low-density lipoprotein (LDL) and very low-
density lipoprotein (VLDL) cholesterol by 50.2% and 51.5%. respectively. The same
treztment increased antiatherogenic high-density lipoprotein (HDL) cholesterol by
23.2%. Aortic biopsies from taurine treated rabbits and stained with Sudan [V reveal
reduction in the areas of sudanophilia and, the histological examination also
demonstrated regression in fatty streaks and foam cells in the intimae. Furthermore,
taurite treatment clucidate a significance reduction in tissues malondialdehyde (MDA)
level; Divir (31%), heart (31.9%) and, aorta (46.7%). concomitant with significant
elevation n tissaes glutathione (GSH) level: liver (190.6%), heart (113%) and, aorta
(86.2%) |1 conzlusion, taurine reduce the severity of atherosclerotic lesions induced by
H2O2Z reaiment and its antioxidative effect may related to the anti-atherosclerotie action.

Masey el el | gauan) Glatl) e B B Gulddy o 20
el N R G g L

Honl s Jemge cdem sl dnalafis sload) Gl BS/ il 3 e g

-

daadlal)

el Sl e il plasil Loy A0 800 e ot A ol sde a3
S es (3% 0,5 S 50 cum s gaed 38 sn Usluy Ly jad Giadl (gaaal
_._._f,r..j g O lziﬁijwmmgnngerr&;u&u‘ nhﬁﬁﬂ’n.&d\,‘aﬁ

45



Tre i Jovrnal of Veterinary Sciences, Val. 19, No. 1, 2005 (45-56)

Logilabes Coeh 1D G panall ¢ (5 al clalas g s o€ 51 Y1 Ao panall 1 33IS
ol A Ao gaaall 5 (paafiy) %0 0.3 S 0 clll sle SR cps Al Ley
ael g o gl -0l Cay Gile 3 [ aale 400 Ay calell ladl B el gilalaa
o A Ee e eladl) Giany o 80 ) Al el SIS L g sl 2
e b g dea pmid (I gl d SLLE gualid U e Baaall o 00 aa
) AT by Sl (Y6 41 ,5 Ay JSH Jg fud 8 ¢ Jeaadl b e JS
seadll 5 (% 52,2 duay LDL Akl G AACSH 203 At g ) 4 gand] e Db (%31,
Joaae ¢ pal cadls fay (% 51, 5) daais VLDL "las dukl pll Z8SH ol Laify pll
= :t-_l.u.—.;._'i HDL 'L.:L!J!- adBSl lh ;..5.'-'-_"-_1_'},}11 f_,:..:;sl LS s L}J ;.1___,.1.!_1. 3..11..11_3 I_,.J.Cr LH__J_,:I‘
Sidan TV Gsa iz e Wy ool Ll cal Wl el 2 3lel Citng (% 23
Lo yaiyl ﬁ:‘"-“"."‘ aat iy Jidiall | ool Casndll Ll s AL guaall laliall Loalia]
et s gl 0 Al AL Ll dlled) Gl g Al 6 e N LAY Aadl
% 46 . T} e¥is(% 31.9)  walill ¢ (% 31) 28 Al sl e 381 5
il {190, 6] SN2 Aaal B8 S 5 A g gieadl g lE Y] pa el iy
saicd Lmata | 80 oyl o A ol s e il 5 (% 86 2) el (% 113)
PRV § R P -.EJ,}:'!I' Uad LJIJ I;E‘.“JJ"‘:"'!"" 2y oy Lyl il ,:;.']ua.n.a.n.'ll’ bl kil
ctecanil] Sliiaall Aladl 3 gay o8
INTRODUCTION

H2U2- induced atherosclerosis was experimentally reported in chickens (1),
o (2 and recently 1 rabbits (3). This model of atherosclerosis is characterized by

oronounczd aypercholesterolemia and development of fatty and proliferative lesions.
Tavrine, ¢ sulfur-containing amine acid (2-miniethanesulphonic aeid), is widely
diztributed in arimal issues, and has a variety of physiological and pharmacological
fu ctions (4, 3), Epidemiclogical study, WHO-CARDIAC study, supgests that taurine
intake is benaficial for preventing cardiovascular disease (6). Several studies remarked on
taurine action tcwards lipid metabolism namely; hypolipidemic and hypocholesterolemic
ac ons (-9, However, less attention has focused on the nti-atherosclerotic effects of
tarine, Kondo st al (10) reported that taurine prevents the formation of atherosclerotic

les :ans in mize, independently of serum cholesterol levels.

The przscat study was designed 1o investigate the effects of long-term treatment

wist taurine and vitamin E supplementation on the development of atherosclerotic lesion
inc uced experir-entaliv by H202 in rabbits.

MATERIALS AND METHODS
Malz lnce breed rabbits weighing 1.1-1.2 Kg were used. The animals were fed
standard diet anc given tap water ad [ibitum . All animals were firstly, subjected to
Exoerimentally- nduced oxidative stress by the ad libitum supply of drinking water

conmaining 0.5% H2Z02 (6% Evans Medical Ltd., England as described by Wohaieb et. al.
11, for-60 days
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Tnereafer, animals were divided into three groups, each consisted of five rabbits,
remaining for 12 weeks and treated as follows : Group 1 (G1), received no treatment;
Groun 2 (G2), weated with taurine ( Taurine { 2-Amino-ethan sulfonsaure), Fluka
AG Switzzrland ) that dissolved in drinking water at 0.3% (w/v) daily as described
previzusly (12}, Animals of group 3 (G3) were placed on standard diet supplemented
with 400mz of vilamin E per kg as a-tocopherol acetate (Vit E |, Uvedeo, Jordan ).

At the end of experiment, blood samples were collected from a marginal ear
vein end lipid profiles namely; total cholesterol (Tch), triglycerides (TGS) and high-
density lipyprotein cholesterol (HDL-C) were measured by an enzymatic methods using &
comimerci: | kit | Rand ox, France ).. Low-density lipoprotein cholesterol (LDL-C) was
calculated following the Friedewald formula (13), whereas the wvery low-density
lipoprotelr cholesterol (VLDL-C) was measured according to a procedure described
elsewhere (14). Rabbits were killed by cervical dislocation and immediately after
deatr: the :ntire aorta from aortic valve to the bifurcation was dissected. Fats and tissues
adhering 0 the adventitia were removed and the aorta was opened longitudinally and was
flattened o strips of paper with the intimal side up. After adherence to the paper strips,
the vessel, were fixed face down overnight with 10% buffered formalin at room
temperaturz, ard therefore stained with Sudan IV (15), to visualize areas of
atherascle:olic plaque. Aortic tissues after fixation were routinely embedded in paraffin
and S sections were cut and stained with hematoxylin-eosin, Masson's trichrom and,
alcien bluc pH 2.5 (16).  The extent of lipid peroxidation as malondialdehyde (MDA)
and glutali ione {GSH) concentration of the liver, heart and aorta immediately after death
were meazured »y thiobarbituric acid (TBA) test (17) and Moron et. al,  Assay (18),

respectivelv. All data were cxpressed as mean= Standard error (SE). Statistical

difference: were determined using one-way ANOVA followed by Tukey's test. P values
of < (LG2 vere considered significant,
RESULTS

H2 32-trcated rabbits for 60 days showed the following serum profiles; Teh
(544.4 = 1 T.67me/dl), TGS (1438 £ 0.54 mg/dl), HDL (32.2 = 0.82 mg/dl), LDL (502.2
+ L.09mg i) and, VLDL (441 = 0.17mg/dl}. However, H202- treated rabbits for 60
days end [t for 12 weeks with no any further treatment { G1 ), had higher levels of
serum prof les, namely; Teh ( 417.2 £17.67) and, TGS (116.4 £25.4) concomitant with an
atheragzanic level of LDL-C { 354.6 422.1) and, VLDL-C (20.7::0.17) as compared with
(2 and G2 { Fiz.1). In contrast HDL-C level was lowered (34.8 £0.62).

Af:r 12 weeks of treatment the H202-induced atherosclerosis with taurine or
vitarin E (G2 and G3), there was significance depression in the level of Tch (41.5% and
46.3%) TUS (31.3% and 48.8%); LDL-C (50.2% and 49.6%); and, VLDL-C (51.5% and
49.3%%) 5 compared with the non treated group. However, HDL-C was significantly
glevated b 23,3% (taurine) and 28.7% (Vit. E). Furthermore, Fig.1 clarify that therc was
no significant difference in Teh and LDL-C levels in rabbits treated with taurine  or
vitamin I:. Aortic specimens of the G1 rabbits, revealed sudanophilia in the intimal layer
appecred rossiy as an elevated streaks or spots which was sharply demarcated.
Histologic: ty, acrtic sections elucidate a proliferative lesion, i.e, presence of foam cells
i intmaz ind media; proliferation of vascular smooth muscle cells (VSMC) in media

toward the intimae (Figs. 2: A, B); infiltration of few mononuclear inflammatory
cells rame v, lymphocytes. Alcian blue stained sections revealed increase acid

muopolvsaccharide (Fig.3-A). The internal elastic lamina was fragmented and
split into s¢ veral layers that cleared by Masson's trichrome stain (Fig. 3-B)
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Teh (mg/dl} TGS (mg/dl)

02 Taurfre  VILE H202  Tawring  ViLE

HDL-C (mgldl) LDL-C {mg/dI)

H202 Tawrine  Vit.E H202 Taurine VILE

2. 1 Efects »f tavrine and vitamin E on serum lipid profile. Rabbits treated with 0.5%

02 in drink ng water ad libirum Tor 60 days and then lefi for 12 weeks : without any
ther treatmendt i H202), treated with taurine dissolved in drinking water at 0.3% (w/v)
Iy (Taurine) and, fed a standard diet supplemented with 400 mg vit. E per Kg (Vit
Tch= otel ¢ olestzrol; TGS= triglyeerides; HDL-C= high-density lipoprotein cholesterol;
L-C= lew-censity lipoprotein cholesterol; VLDL-C= very low-density lipoprotein

slesteral. Dein are the mean of 5 animals. Significant difference (P < 0.05).

In taurine- and vitamin E- treated rabbits (G2 and G3), the Sudan IV staining

apsies shows : reduction in areas of sudanophilia (not estimated statistically) as compared
hoother grous (G1). Also, similar findings in histology of sections obtained from G2 and

rabbits, which includes regression in fatty streaks and foamy cells in intimae concomitant
h profiferation of VSMC (Figs.4:A,B). Furthermore, a decrease in mucopolysaccharides
b presence o intact elastic membranes, have been observed in aleian blue stained sections
g. 3 ). Atheugh, the H202- treated rabbits for 60 days revealed an MDA concentrations
iver, heart a: d, ao-ta 522.2, 412.3 and, 534.6 nmol/g wet weight, respectively. Moreover,

ose rehnits showed the following levels of tissue GSH 0.413, 0.582 and, 0.154 in liver,
art and, acriz, respectively.
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Fig.2 Hist- micregraph of rabbit aorta obtained from H202-treated group for 60 days and left for
Y amamiale
e WG

without any further treatment. A) Foam cells in intimae and media { arrow ).
H& L 40001

B) Foam cells and proliferation of vascular smooth muscle cells in media [ arrow ).
H&E 2000
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Fig.« Histo micregraph of rabbit aorta obtained from H202-treated group for 60 days and left for
|2 weeks “cated with A) taurine in drinking water. Note resression in numbers of foam cells in
ntimac as compared with its presence in Fig.2A. H&E, 400X. B) vitamin E supplemented with
diet { 400 mg/Ke). Same lesion as in A. H&E, 200X,
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F 2.5 Histomizrogranh of rabbit acrta obtained from H202-treated group for 60 days and lefi for
1= weeks treal>d with taurine in drinking water. Note , prolifcration of vascular smooth muscle
¢ Hs with intact elasic laminate  ( arrow ).Alcian blue pH 2.5, 200X,

MDA (Nmalgm wet welight}

Huari

O B Taunne OWVILE

Fie. 6 Efeet of lewrine and vitamin E on malondialdehyde { MDA )
concentration ir HZC2-treated rabbits for 60 days and then left for 12 weeks;
woihout ary furher Geatment { W), treated with taurine dissolved in drinking
witer at (.3% [wiv) daily {Taurine} and , dietary supplementation with

vitamin E { 400 mp/ Kg diet ) (Vit E). Data are the mean of 5 animals,

Simificant difference P < 0,05,
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Fig. 6 shows that rabbits treated with 0.5% H202 in drinking water for 60 days
and eft 1or 12 weeks with no any further treatment (G1), still had an elevated levels of
tissies MDA ¢ in liver, heart and, aorta  373.4 £ 425, 3427 + 227 and, 385.8 £ 44.5
nmolipm wet weight, respectively ) as comparcd with G2 and G3. In contrast, those rabbits
showed a lowered level of tissue GSH; liver (0.843 & (.03}, heart  (1.009 £ 0.03)
ane., aarts (L2062 £ 0,01 mmol/gm wet weight) as mentioned by Fig.7v.

The tissues MDA level of G2 and G3 rabbits were significantly reduced as
compars: with that of corresponding G1 rabbits; liver ( 31.3% and 26.8%), heart (31.9% and
37.5%) and, ao-ta ( 46.7% and 44.6%) respectively  ( Fip. 6). Whereas, those rabbits clarify
a simificant elevation of tissue GSH ; in liver (190.6% and 177.6%), heart (113..1% and
L 18994} nd, acrta ( 86.2% and 91.6%) respectively, as compared with G1 levels { Fig. 7).

GSH (Mmol./gm wet weight)

Heart Aorta

W W Taurine [VitE |

Fig. 7 Fftzct of taurine and vitamin E on tissue glutathione in H202-treated rabbits
for ) de s and then left for 12 weeks; without any further treatment (W), treated with
taurne d'isolved in drinking water at 0.3% (w/v) daily (Taurine) and , fed a standard diet
supplemc ied with 400 mg vit. E per Kg (Vit E). Data are the mean of 5 animals.
Significar : difference P<0.05,

DISCUSSION
i'he deta of this study indicates that taurine treated the progression of atherosclerosis
induced 11 raboits by H202. Treatment with taurine not only decreased atheropenic
lipoprotei 1 but also increased antiatherogenic HDL. These alterations in the serum
lipoprotei 1 protile are expected to be beneficial for the prevention of atherosclerosis,
since epicemiological and genetic studies have indicated that levels of serum HDL are
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inversely corrinted with atherosclerotic risk (19). When rabbits were treated with 0.5%
b 207 in drink ng water daily for 60 days, serum cholestero] and triglycerides as well as
g rerogenic lipoprotein ( both LDL and VLDL ) were markedly elevated, which resulted
ir the formetio and development of aortic lesions (3 ).

Ii has been reported on capability of taurine to suppress atherosclerosis in
Mew Zenand vwhite rabbits feed a cholesterol-rich diet (20) and, in watanabe heritable
v perlipidemic (WHHL) rabbits (12). However, those studies approved no effect of
tauring or sarun chelesterol level, our study reveal (Fig.1) a prominent effect of taurineg
ir lowering scrum cholesterol fevel (58.48%). The precise reason for discrepancy
beiwesn these studies

is 10t ¢lzar, The hypocholesterolemic effects of taurine have been studied in
recents (21) 1t was sapgested that taurine seems to stimulate conversion of chelesterol to
bite acid by stiinulating cholesteral 7 a-hydroxylase, this leads to decreases in liver and
seram chelesteral levzls and increases in cholesterol synthesis (22).

Ar early stage of atherogenesis is characterized by accumulation of foam
ce. s in the vessel wall, These foam cells are lipid-laden macrophages and are thought to
he the resuit of in unrestricted uptake of oxidized LDL via scavenger receptors (23}, Our
resulls demons rated that aortic sections in taurine- treated rabbits (G2) revealed
recuction i arcas of sudanophilia and histologically include regression of fatty streaks
any foam cells in indimae. Thus, it is suggested that the antiatherosclerotic effect of
tal ring is mainl: due ‘o improvement in the serum lipopratein profiles. Kamata et al (21)
reported tha: long-term treatment with taurine prevents attenuation of endothelium-
de-endent relasation of the aorta in mice fed a high-cholesterol diet, Moreover,
Mirakam' e al (12} find that activity of Acyl-CoA: Cholesterol acyltransferase
‘A AT weas significantly low in aoria of taurine administered WHHL rabbits. ACAT is
s b oy enzyme nesponsible for cholesterol esterification in tissues and cells (24). These
lacis indicate the benelicial effects of laurine on endothelia) functions through prevention
of LDL oxidaticn. Token together, these results indicate that the antioxidant effects of
tavrine arc expe ted tot only to inhibit accumulation of oxidized LDL in macrophages
ani. smootk muscle ce'ls, but to restore functions of endothelial cells.

aorine reatment for 12 weeks also decreased tissues MDA levels in
rablits suffering H2C2-induced atherosclerosis (Fig.6). Taurine functions as an anti-
oxiiant in 1 varicty of biological systems (5) and protects against oxidative damage
une =r many cone itions. decreasing rates of MDA formation (25). The decrease in aortic
MDA gnd ower susceptibility of LDL to lipid peroxidation concomitant with elevated
levis of tissue GSH in taurine-treated rabbits implies participation of anti-oxidant effects
as upposakie med hanism by which taurine reduces atherosclerotic Jesion.

Matural gntioxidants, such as vit. E has been shown to reduce the
devolopment of 4202.induced atherosclerosis in rabbits (10}, Our results confirm this
aci

[n conclusions, the present results demonstrated the antiatherosclerotic
affects of taurine in H202-induced atherosclerosis in rabbit model.
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