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Abstract

The effects of taurine on plasma and liver cholesterol, erythrocyte ouabain sensitive Na efflux and platelet aggregation were examined in Sprague
Dawley rats fed control or 0.5% cholesterol with 0.2% cholate diet. Plasma and liver levels of total cholesterol were increased significantly (p<0.05)
in rats fed cholesterol diet compared to the control, and taurine significantly decreased the elevated plasma level of cholesterol in rats fed cholesterol
diet (p<0.05). HDL-cholesterol was decreased in groups fed the cholesterol diet regardless of taurine supplementation and the difference between
groups with and without cholesterol was significant (p<0.01). Plasma triglyceride was decreased and liver triglyceride was increased both significantly
(p<0.05) in rats fed cholesterol compared to the control. Plasma and liver triglyceride in rats fed taurine was decreased significantly compared to
the control (p<0.05). Intracellular Na tended to be lower in rats fed cholesterol or taurine and higher in rats fed cholesterol plus taurine compared
to the control. Na efflux through Na-K ATPase and the passive leak of Na was somewhat reduced in rats fed cholesterol or taurine and was augmented
in rats fed cholesterol plus taurine compared to the control, which showed a similar trend to the intracellular Na. Taurine supplementation caused
a suppression of Na efflux in groups fed control diet and restored the suppressed Na efflux in groups fed cholesterol. Platelet aggregation was
significantly decreased in the group fed taurine compared to the control (p<0.05) and the group fed cholesterol plus taurine was also a little lower
in aggregation than the group fed cholesterol. Microscopic examination showed that taurine prevented fatty liver in rats fed cholesterol diet. Taurine
known for stimulating Na-K ATPase in some cell types rather decreased erythrocyte ouabain sensitive Na-K ATPase in the present study. Taurine
had hypolipidemic and hypocholesterolemic effects and inhibited platelet aggregation which may be favorable for prevention of cardiovascular diseases.
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Introduction

Taurine (2-aminoethanesulfonic acid), a conditionally essential
nutrient, is synthesized from amino acid cysteine or methionine
and ubiquitously presented in animal tissues. High concentrations
of taurine are found in heart, muscles, brain and eyes of
mammals, and sea foods such as squids, clams, oysters are rich
in taurine. Taurine has sulfur containing amino acid like structure
and vitamin like biological functions such as heart thythm, blood
pressure, platelet aggregation, neural excitation, sperm motility,
eye sight and bile acid synthesis (Huxtable, 1992). Taurine is
known to be effective in protecting against cardiovascular
diseases by affecting cholesterol metabolism, protecting blood
vessels and blood cells from oxidative damages and controlling
osmoregulation through membrane transport. Action mechanisms
of taurine are not clear except its clearing action of cholesterol
for bile acid synthesis in which taurine is used for conjugation
to form the primary bile acid. Taurine, an organic osmolyte,
regulates changes of cell volume and intracellular ion

concentrations by controlling membrane ion permeability.
Osmolarity-sensitive taurine efflux following cell swelling caused
an increase in Na and K permeability and an anion channel
blocker diminished this effect (Hall et al., 1996). Cellular
accumulation of organic substances such as inositol, taurine and
amino acids caused an opening of K and/or anion exit channels,
and the extruded K is pumped in by Na-K ATPase (Friedrich
et al., 2006). Na-K ATPase acts on Na reabsorption in distal
tubule and collecting duct of kidney cell. Na-K ATPase is
reduced in patients with insulin resistant diabetes, obesity and
hypertension (Hakam et al., 2006; Rabini et al., 1999). Angio-
tensin receptor agonists inhibit proximal tubule Na-K ATPase
in obese hypertensive rat and Na induced hypertension was
accelerated with taurine deficiency (Hakam er al., 2006). Platelet
activating factor (PAF) released during certain pathological
conditions such as ischemia may act on Na-K ATPase. PAF
inhibited Na-K ATPase in rat cerebral cortex and these effects
were abolished by a PAF antagonist. Stimulation of PAF receptor
decreased Na-K ATPase in rat proximal tubule contributing to
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Table 1. Composition of experimental diets (%)

Ingredient Control Taurine Cholesterol Cholestgrol
+ Taurine
)
s 200 200 200 200
Lard 0.3 0.3 0.3 0.3
| 9.0 9.0 9.0 9.0
gﬁ’(’)ﬁﬁg” o 1.0 1.0 1.0 10
chloride® 0.2 0.2 0.2 0.2
Vitamin mix® 1.0 1.0 1.0 1.0
Mineral mix® 35 35 35 35
Sucrose 20.0 20.0 20.0 20.0
Corn starch 45.0 40.0 44.3 39.3
Taurine® ) 5;0 0'5 g g
Cholesterol” ] ] 0'2 0'2
Cholic acid” : :
Total (%) 100.0 100.0 100.0 100.0

? Harlan, tekklad, Madison W,

® Junsei chemical, Japan,

9 Mixture according to AIN 76A (Mineral mixtuer(g/100g) : CaHPO4 50.0, NaCl
7.4, KsCeHsOrH0 22,0, KoSOs 5.2, MgO 2.4, Manganous
carbonate(43-48%Mn) 0.35, Ferric citrate(16,7%Fe) 0.6, Zinc carbonate(70% Zn)
0.16, Cupric carbonate(53-55%Cu) 0,03, KIOs 0,001, Na,SeOsz5H,0 0,001,
CrK(SO4)212H,0 0.055, Sucrose 11,804,

9 Sigma Chemicals, Japan,

natriuresis (Handa et al., 2003). In in vitro study of platelet
incubated with LDL, IDDM LDL significantly increased platelet
aggregation and significantly reduced platelet membrane Na-K
ATPase compared with control LDL (Rabini et al, 1999).

The purpose of this study was to examine the effect of taurine
on CVD related three parameters using Sprague Dawley rats fed
cholesterol diet. We measured plasma and liver levels of
cholesterol, erythrocyte Na efflux through Na-K ATPase and Na
passive leak and platelet aggregation using Sprague Dawley rats
fed cholesterol diet.

Materials and Methods

Animals and diets

Forty of four weeks old Sprague Dawley rats (Orient Co Ltd,
Gapyung, Korea) were divided into four groupsand fed ad
libitum diets containing 0.5% cholesterol plus 0.2% cholate
and/or 5% taurine along with the control diet for four weeks
(Table 1). Rats had free access to water and were housed
individual cages in a room maintained at 20-25°C with a 12-hour
dark-light cycle. Blood samples were obtained by cardiac
puncture into heparinized vacuum tubes, and platelet aggregation
and erythrocyte Na efflux were performed with fresh blood. Liver
samples were prepared for microscopic examination and plasma
and liver samples were stored at -70°C for later assays.

Plasma and liver lipid assays

Liver lipids were extracted by a modified Folch method (Folch
et al., 1957). One gram of liver tissue was homogenized in 6
ml of Folch solution [chloroform(2):methanol(1)] and 2 ml H,O

for 5 min and centrifuged. The lower phase contained liver lipids.
Lower phase of lipid fractions after being treated with triton
X-100:chloroform (25 pl:475 ul) for total cholesterol and meth-
anol for triglyceride was assayed using enzymatic kits (Asan
Pharmaceuticals, Korea).

Erythrocyte Na efflux

Na efflux from erythrocyte occurs by at least three different
pathways; Na-K ATPase, Na-K cotransport and Na passive leak.
Na-K ATPase can be defined as the ouabain sensitive Na efflux
through the pump and can be measured from the difference of
the efflux rates into MgCl, medium with and without ouabain.
Na leak is defined as the Na efflux through passive Na channel
occurring under inhibition of ouabain sensitive Na-pump and
furosemide sensitive Na-K" cotransport and can be measured
from Na efflux into a choline chloride medium containing
ouabain and furosemide (Garay et al., 1979; Smith et al., 1984).

Red cell preparation: Blood was centrifuged at 1,000 x g for
10 minutes, and the plasma and buffy coat were removed. Red
blood cells were washed 5 times with a cold isotonic washing
solution [150 mM choline chloride, 10 mM Tris-4 morpholi-
nopropane sulfonic acid (MOPS), pH 7.4 at 4C], centrifuging
at 1,000 x g for 5 minutes after each wash. The RBC pellet was
resuspended in the choline chloride washing solution to give
40-50% hematocrit. The hematocrit was measured. A 50 pl
aliquot of the RBC suspension was added to 5 ml of 0.025%
acationox (a metal free detergent, Scientific Products, McGaw
Park Illinois, USA) to be used for determination of intracellular
Na concentrations.

Na efflux: Four ml each of the RBC suspension were added
to 40 ml MgCl, medium with or without ouabain (70 mM MgCl,,
10 mM KCl, 85 mM sucrose, 10 mM glucose, 10 mM Tris-
MOPS, pH 7.4 at 37°C, 1 mM ouabain). Two ml of the RBC
suspension was added to 40 ml of choline chloride medium (150
mM choline chloride, 10 mM glucose, 1 mM ouabain, 1 mM
furosemide, 10 mM Tris-MOPS pH 7.4 at 37C). The RBCs
in each medium were mixed and aliquoted in each of 12 tubes.
Tubes in duplicate were transferred to an ice bath after incubation
in 37°C shaking water bath for 0, 2, 4, 6, 8 and 10 min for
Na efflux through the pump and 0, 10, 20, 30, 40 and 50 min
for the passive leak of Na. Tubes were centrifuged at 1,000xg
for 5 min, then the supernatant was removed and measured for
Na concentration using Atomic Absorption Spectrophotometer
(Shimadzu model AA6701F).

Calculations (Kang & Smith, 1990);

Na pg/(ml X min) X 60 min x mmole/23 mg x [44 ml-(4 ml x
het)/(0.0041 x het)] x (mg/1000 pg)

=mmole/l rbc/hour (Na efflux)

Na pg/(ml x min) X mmole/23 mg x 101/hct X (mg/1000 pg)
=mmole/l rbc (intracelluar Na)



202 Taurine on lipids, erythrocyte Na efflux and platelet aggregation

Platelet aggregation

Platelet aggregation was measured using a Chronolog Whole
Blood Aggregometor (model 500-Ca, Havertown, Pennsylvania,
USA). The whole blood was diluted with isotonic saline (1:2)
to give platelet concentration 400,000/ul. Adenosine diphoshate
(ADP, 2 uM) was added to initiate aggregation, and three rea-
dings of impedance changes were averaged for each rat. Platelet
aggregation caused an increase in impedance($) across two
platinum electrodes. The impedance method using the fresh
whole blood has the advantage of measuring platelet aggregation
under nearly physiological conditions in the presence of other
blood components.

Histological examination

Two parts of liver samples each rat were obtained from 4 rats
each group. After being washed with saline, samples were fixed
in 10% formalin for 48 hours and dehydrated in xylene for 18
hours. Samples were then embedded in paraffin and cut into 4-5
um cross section. Tissues were stained with hematoxylin-eosin
for microscopic observation.

Statistical analysis

Values were analyzed using the SAS package (version 8.02).
Analysis of variance was conducted in a completely randomized
block design. Duncan's multiple test was applied to compare
individual means when F-value was significant (p<0.05).

Results

Weight gain, food efficiency and liver/body weight ratio

Weight gain, food efficiency and liver/body weight ratio are
listed in Table 2. Average daily gain (ADG) of taurine group
was smallest among the groups with the lowest final weight, but
not statistically different. Food efficiency ratio (FER, weight gain
/food intake ratio) of taurine group was significantly decreased

Table 2. Effects of taurine and cholesterol on weight gain and feed intake of
rats

Control Taurine Cholesterol Chol+Taurine
Final BW (g) 399.46+36.4 360.88+20.7 379.43+34.5 399.57+326
ADG (g/d)™ 8.16+1.0 6.56+ 1.2 7.49+0.9 8.16+1.0
ADFI (g/d)? 22119 21118 204+2.1 2317+23
F.ERM 0.37+0.03° 031+0.04° 0372003"  0.35+0.03®
LWBW?Y (%)~ 287£02° 291+05° 512£0.3 4744047

Y ADG : Average daily gain,

2 ADFI : Average daily feed intake,

3 FER : Feed Efficiency Ratio (ADG/ADFI).

4 LW/BW : Liver weight to final body weight ratio,

Values are means = SD of 10 rats.

* Values in the same row not sharing the same superscript differ (p <0.05).
** Values in the same row not sharing the same superscript differ (p<0.01).

compared to other groups (p<0.05). Group fed taurine plus
cholesterol recovered food intake and daily weight gain
increasing the final weight to the control level. Liver/body weight
ratio was significantly increased in groups of cholesterol and
cholesterol plus taurine compared to the group of control or
taurine (p<0.01). Taurine did not reduce the liver weight
increased by feeding cholesterol diet.

Plasma and liver cholesterol and triglyceride

Plasma total cholesterol was significantly increased in groups
fed cholesterol or cholesterol plus taurine compared to groups
of control or taurine (p<0.05). Plasma total cholesterol of taurine
group was lower than that of the control, but not significantly
different (Table 3). However, the group fed cholesterol plus
taurine had significantly lower plasma total cholesterol than the
group fed cholesterol (p<0.05). Cholesterol lowering effect of
taurine was more intensive in the cholesterol fed state. HDL-
cholesterol was decreased in groups fed the cholesterol diet
regardless of taurine supplementation and the difference between
groups with or without cholesterol was significantly different
(p<0.01).

Erythrocyte Na efflux

Intracellular Na tended to be lower in group fed cholesterol
or taurine compared to the control group and higher in group
fed cholesterol plus taurine compared to the control group (Table

Table 3. Effects of taurine and cholesterol on Plasma and liver cholesterol and
triglyceride

Control Taurine Cholesterol  Chol+Taurine

Plasma"

Total-cholesterol* 100.5+14.3° 90.7 £10.5° 227.3+66.2* 172.1+26.2°
HDL-cholesterol* 22.4+6.2° 23.9+6.8° 16.3+4.2° 155+4.3°

Triglyceride* 127.0+£336° 70.8+19.8° 685+115° 541+11.0°
Liver?

Cholesterol* 553+1.0° 437+12° 4362+7.2° 3328+6.6%

Triglyceride* 16.8+51° 10.6+£3.7™° 47.6+169° 43.0+114°

" Plasma levels in mg/100 m,

2 Liver levels in mg/g.

Values are means = SD of 10 rats,

* Values in the same row not sharing the same superscript differ (p <0.05),
** Values in the same row not sharing the same superscript differ (p<0,01).

Table 4. Effects of taurine and cholesterol on intracellular Na and erythrocyte
Na efflux

Control Taurine Cholesterol  Chol+Taurine
Intracellular Na" 6.00+1.87 558+196 553+1.16 7.03+252
Na Efflux
Na+-K+ ATPase®” 291+0.64 212+073 233089 2.70£0.62
Na Leak? 3.06+0.81 229+0.67 267+0.80 2.80%0.49

Values are means = SD of 10 rats,
Y Intracellular Na ; upper values are for intact red blood cells, (Na rmrmolg/ ¢ rbe).
% Na™-K* ATPase is ouabain sensitive Na efflux through Na-pump,
(Na wrole/ml rbc / hr),
¥ Na leak is Na efflux through passive sodium channel in intact red blood cells,
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Table 5. Effects of taurine and cholesterol on platelet aggregation

Control Taurine Cholesterol  Chol+Taurine

Maximum (2)"* 19.46 + 3.20°14.36 + 1.85" 17.13+3.72® 14.20 + 3.06"
Initial Slope (Q/min)?* 17.43 +2.13°13.04 + 2.93" 14.11 +3.37® 12.96 + 2.59"

Y Maximum aggregation in ohm at the point where aggregation dissociated,

2 Initial slope is the base of one minute in tangent drawn to steepest part of curve,
Values are means + SD of 10 rats,

*Values in the same row not sharing the same superscript differ (p <0,05).

4). Na efflux through Na-K ATPase and Na passive leak was
somewhat reduced in group fed cholesterol or taurine and was
augmented in group fed cholesterol plus taurine compared to the
control, which showed a similar trend to the intracellular Na.
Taurine supplementation caused a suppression of Na efflux in
group fed control diet and restored the suppressed Na efflux in
group fed cholesterol.

Platelet aggregation

As listed in Table 5, platelet aggregation was significantly
decreased in the group fed taurine compared to the control
(p<0.05) and the group fed cholesterol plus taurine was also
lower in aggregation than the group fed cholesterol. Aggregation
with high initial slope usually has high maximum aggregation
as shown in the present study. Aggregation with high initial slope
also showed a sharp dissociation curve which may be associated
with platelet age and survivability.

Discussion

Tufft er al. (1992) reported that dietary taurine did not affect
weight gain but improved feed efficiency during the first week
of the experiment in broiler cockerels. However, taurine
decreased their overall feed efficiency. On the other hand, taurine
depletion caused a significant growth depression before retinal
degeneration in monkey (Hayes et al, 1980). Dietary taurine
suppressed weight gain with reduced food intake in Wistar rats,
but not in Sprague Dawley rats when they were fed high
cholesterol diet (Yamamoto et al., 2000). In the present study,
taurine deceased weight gain and food efficiency, but taurine
with cholesterol recovered the reduced weight with increased
food intake. Huxtable et al. (1976) suggested earlier that taurine
might have a suppression effect on eating and drinking by
specially depressing the area of hypothalamus for stimulating
eating and drinking. Taurine reduced Ca dependent GABA
release in mouse cerebral cortex and GABA is known to play
a role as potent stimulus for feeding through orexin mechanism
in appetite control (Burdakov ef al., 2003; Kontro et al., 1987).

Hypocholestrolemic action of taurine can be speculated on the
activation of cholesterol 7 @-hydroxylase, suppression of HMG-
CoA reductase, ileal bile acid reabsorption and perhaps LDL
receptor. Taurine supplementation induced the gene expression

of cholesterol 7 @-hydroxylase in diabetic rats fed high chole-
sterol diet, enhancing cholesterol degradation (Mochizuki et al.,
1999). Murakami et al. (2002) reported that hepatic activity of
cholesterol 7 @-hydroxylase was doubled with taurine and taurine
decreased cholesteryl ester contents, accompanied by decrease
in acyl CoA:cholesterol acyltransferase (ACAT) activity. Tauro-
cholate is a potent down regulator of both HMG CoA reductase,
the rate limiting enzyme for cholesterol synthesis, and cholesterol
7 a-hydroxylase, the rate limiting enzyme for bile acid synthesis
(Pandak et al., 1992). Shefer et al. (1992) observed that chole-
sterol 7 @-hydroxylase activity was increased with cholestyra-
mine and cholesterol feeding and decreased with taurocholate
in rats. Both cholesterol and taurocholate administration sup-
pressed total microsomal HMG-CoA reductase activity by 87%
and 65%, respectively. Taurocholate may be a far more potent
inhibitor of cholesterol 7 @-hydroxylase than other bile acids
through feedback inhibition mechanism on bile acid synthesis
(Shefer et al., 1992). Up-regulation of the LDL receptor and
subsequent increase in receptor-mediated LDL turnover can be
another cholesterol-lowering event in hamsters fed taurine.
(Murakami et al., 2002). Chen et al. (2004) observed that taurine
did not affect LDL receptor protein level in C57BL/6 mice and
the decrease in cholesterol in the circulation was mainly due to
its suppressive effect on the concomitantly secreted TG from the
liver. Cholesterol feeding caused a remarkable increase in liver
triglyceride and total cholesterol (Chen et al., 2004; Liu et al.,
1995; Sobolova et al., 2006). Taurine supplementation resulted
in markedly reduced hepatic secretion of cholesterol ester,
preventing the hepatic accumulation of cholesterol in cholesterol
fed rats (Chen ef al., 2004). The present study showed that taurine
supplementation caused decreased plasma and liver total
cholesterol in both control and cholesterol fed groups. High
cholesterol diet has been involved in increased total cholesterol
and decreased HDL-cholesterol in different species (Oh et al.,
2002; Sobolova et al., 2006; Sorci-Thomas et al., 1989). Sorci-
Thomas et al. (1989) suggested that accelerated apo A-1 clea-
rance from plasma may contribute to the reduction of HDL
concentration resulting from cholesterol enriched diets. Cho-
lesterol diet resulted in the accumulation of liver triglyceride with
decreased plasma triglyceride (Liu et al., 1995; Oh et al., 2002),
which can be explained with increased de novo synthesis of liver
triglyceride and decreased secretion of triglyceride to the blood
(Liu et al., 1995). Hypolipidemic effect of taurine was far greater
in rats fed control diet than those fed cholesterol diet.
Cholesterol has been reported to be involved in membrane
transport of cations. In vitro cholesterol enrichment of human
erythrocyte caused an enzymatic inhibition of Na-K ATPase and
decreased Na Efflux (Lijnen et al., 1995). Kurup et al. (2003)
reported that plasma HMG CoA reductase activity was inversely
correlated with erythrocyte membrane Na K ATPase in
Alzheimer patients. Tranquilli et al. (2004) observed that higher
cholesterol/phospholipid ratio was correlated with the reduced
erythrocyte Na-K ATPase in pregnant women. Lower membrane
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fluidity with high plasma cholesterol/phospholipid ratio may be
associated with lower Na-K ATPase which caused the progres-
sion of hypertension in pregnant women (Tranquilli et al., 2004).
Mayol et al., (1999) reported that cholesterol enrichment signi-
ficantly reduced Na-K ATPase in cultured human endothelial
cells. The present study showed that cholesterol supplementation
reduced erythrocyte Na-K ATPase as in previous studies. Taurine
in human erythrocyte activated ouabain sensitive Na-K ATPase
in the presence of calcium (Igisu et al., 1976). Qi et al. (1995)
reported that taurine restored the depleted erythrocyte membrane
Na-K ATPase activity due to cholesterol enrichment in in vitro
system. In the present study, taurine supplementation rather
reduced erythrocyte Na-K ATPase, but taurine with cholesterol
tended to increase Na-K ATPase. Mrsny et al. (1985) reported
that taurine and hypotaurine reduced hamster sperm cell Na-K
ATPase for sustaining sperm motility. Taurine on Na-K ATPase
may function differently depending upon cell types and numerous
methods such as phosphate production, substrate concentration
and Na efflux can be used as parameters for Na-K ATPase
activity. Na leak is Na passive transport driven by intracelluar
concentration of Na. Na efflux through Na leak in the present
study was matched with the intracellular Na. High intracellular
Na may be associated with decreased Na-K ATPase activity,
followed by increased intracellular fluid (Lijnen et al., 1995).
Zicha et al. (2001) reported an opposing result that abnormally
high erythrocyte Na-K ATPase was a consequence of elevated
erythrocyte Na content and associated with abnormal cholesterol
metabolism in Dahl salt sensitive rats. In the present study, high
Na-K ATPase with high intracellular Na in control or taurine
plus cholesterol is rather consistent with the results of Zicha.
Taurine and [3-alanine are known to be cotransported into cell
with Na ions and then Na ions are pumped back out against
concentration via Na-K ATPase. More studies should be done
to clear the action mechanism of taurine and cholesterol on Na-K
ATPase and intracellular volume.

Platelet from hypercholesterolemic patient was more reactive
to platelet activating factor (PAF) and the maximal aggregation
was correlated with plasma PAF acetylhydrolase and total
cholesterol (Elisaf et al., 1999). Platelet from hypercholeste-
rolemic rat was more sensitive to thrombin and showed higher
aggregability, and thrombin generation in the 2nd phase of
platelet aggregation was far higher in hypercholesterolemic rats
than the control (Winocour et al., 1990). In the present study,
platelet from cholesterol fed rats was less sensitive in ADP
induced whole blood platelet aggregation compared to those from
control rats. However, taurine caused decreased platelet aggre-
gation with or without cholesterol supplementation. Taurine has
been considered as a modulator of platelet function. Taurine
functions on platelet aggregation through PDGF-BB receptor
dephosphorylation in vascular smooth muscle taurine, causing
a significant suppression of PDGF-induced endothelial cell
proliferation (Yoshimura, 2005). Taurine suppressed calcium
induced platelet aggregation in vivo and ex vivo in vegetarians

o
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Fig. 1. Microscopic appearance of liver tissue, (400)

(McCarty, 2004). Taurine functions physiologically to dampen
the calcium influx evoked by aggregating agonists, thereby
down-regulating platelet aggregation. Platelet taurine causes a
decrease in sensitivity of platelet to aggregating agonists such
as thrombin, ADP, epinephrine, collagen and arachidonate.

Livers from rats fed control and taurine were both normal and
not different on gross observation. However, livers from rats fed
cholesterol and cholesterol plus taurine were much larger and
hypochromic, defined as fatty liver. On microscopic observation
(Fig. 1), liver specimens from cholesterol plus taurine showed
less fat drops than those from rats fed cholesterol, which suggests
that taurine can lessen fatty liver in some extent when animal
is on the hypercholesterolemic diet.

Literature cited

Burdakov D, Liss B & Ashcroft FM (2003). Orexin excites GABA-
ergic neuron of the arcuate nucleus by activating the sodium-
calcium exchanger. J Neurosci 25:4951-4957.

Chen W, Matuda K, Nishimura N & Yokogoshi H (2004). The effect
of taurine on cholesterol degradation in mice fed a high-cholesterol
diet. Life Sci 27; 74:1889-1898.

Elisaf M, Karabina SA, Bairaktari E, Goudevenos JA, Siamopoulos
KC & Tselepis AD (1999). Increased platelet reactivity to the
aggregatory effect of platelet activating factor, in vitro, in patients
with heterozygous familial hypercholesterolaemia. Platelets 10:
124-131.

Folch J, Lees M & Sloane stanley GH (1957). A simple method for
the isolation and rification of total lipids from animal tissues. J
Biol chem 226:497-5009.

Friedrich B, Matskevich I & Lang F (2006). Cell volume regulatory
mechanisms. Contrib Nephrol 152:1-8.

Hakam AC & Hussain T (2006). Angiotensin type 2 receptor agonist
directly inhibits proximal tubule sodium pump activity in obese but
not in lean Zuker rats. Hypertension 47:1117-1124.

Hall JA, Kirk J, Potts JR, Rae C & Kirk K (1996). Anion channel
blockers inhibit swelling-activated anion, cation and nonelectrolyte
transport in HeLa cells. Am J Physiol 271:579-588.

Handa RK & Stranhoy JW (2003). Platelet activating factor (PAF)



In Sun Park ef al. 205

and solute transport process in the kidney. Am J Physiol Renal
Physiol 284:274-281.

Huxtable RJ (1992). Physiological actions of taurine. Physiological
Rev 72:454-516.

Igisu H, Izumi K, Goto I & Kina K (1976). Effects of taurine on
the ATPase activity in the human erythrocyte membrane. Phar-
macology 14:362-366.

Kang JS, Cregor MD & Smith JB (1990). Effect of calcium on blood
pressure, platelet aggregation and erythrocyte sodium transport in
Dahl salt-sensitive rats. J Hypertens 8:245-250.

Kontro P & Oja SS (1987). Taurine and GABA release from mouse
cerebral cotex slice: effects of structural analogues and drugs.
Neurochem Res 12:475-482.

Kurup RK & Kurup PA (2003). Hypothalamic digoxin, hemispheric
chemical dominance, and Alzheimer's disease. Int J Neurosci
113:361-381.

Lijnen P & Petrov V (1995). Cholesterol modulation of transmem-
brane cation transport systems in human erythrocytes. Biochem
Mol Med 56:52-62.

Liu CH, Huang MT & Huang PC (1995). Source of triglyceride
accumulation in liver of rats fed a cholesterol supplemented diet.
Lipids 30:527-531.

Mayol V, Duran MJ, Gerbi A, Levy S, Sampol J & Maixent JM
(1999). Cholesterol and omega 3 fatty acids inhibit Na-K ATPase
activity in human endothelial cells. Atherosclerosis 142:327-333.

McCarty MF (2004). Sub-optimal taurine status may promote
platelet hyperaggregability in vegetarians. Med Hypotheses 63:
426-433.

Mochizuki H, Takido J, Oda H & Yokogoshi H (1999). Improving
effect of dietary taurine on marked hypercholesterolemia induced
by a high cholesterol diet in streptozotocin induced diabetic rats.
Biosci Biotechnol Biochem 63:1984-1987.

Mrsny RJ & Meizel S (1985). Inhibition of hamster sperm Nat,
K+-ATPase activity by taurine and hypotaurine. Life Sci 36:271-
275.

Murakami S, Kondo Y, Toda Y, Kitajima H, Kameo K, Sakono M
& Fukuda N (2002). Effect of taurine on cholesterol metabolism
in hamsters: up-regulation of low density lipoprotein (LDL)
receptor by taurine. Life Science 70:2355-2366.

Oh IS, Kang JA & Kang JS (2002). Gender difference in the effects
of gonadectomy and hypercholesterol diet on plasma and liver
cholesterol and TG levels, platelet aggregation and liver tissue in
Sprague Dawley rats. Nutritional Sciences 35:15-23.

Qi B, Yamagami T, Naruse Y, Sokejima S & Kagamimori S (1995).
Effect of taurine on depletion of erythrocyte membrane Na-K
ATPase activity due to ozone exposure or cholesterol enrichment.
J Nutr Sci Vitaminol 41:627-634.

Rabini RA, Staffolani R, Martarelli D, Fumelli P, Ravaglia F, Dousset
N, Curatola G & Mazzanti L (1999). Influence of low density
lipoprotein from insulin-dependent diabetic patients on platelet
functions. J Clin Endocrinol Metab 84:3770-3774.

Shefer S, Nguyen LB, Salen G, Ness GC, Chowdhary IR, Lerner S,
Batta AK & Tint GS (1992). Differing effects of cholesterol and
taurocholate on steady state hepatic HMG-CoA reductase and
cholesterol 7 alpha-hydroxylase activities and mRNA levels in the
rat. J Lipid Res 33:1193-2000.

Smith JB, Ash KO, Sprowell WL, Hentchel WM & Williams RR
(1984). An improved non-radioisotopic method for increasing
ouabain sensitive Na efflux from erythrocytes. Clin Chim Acta
143:295-299.

Sobolova L, Skottova N, Vecera R & Urbanek K (2006). Effect of
silymarin and its polyphenolic fraction on cholesterol absorption
in rats. Pharmacol Res 53:104-112.

Sorci-Thomas M, Prack MM, Dashti N, Johnson F, Rudel LL &
Williams DL (1989). Differential effects of dietary fat on the tissue
specific expression of apo A-1 gene; relationship to plasma con-
centration of high density lipoproteins. J Lipid Res 30:1397-1403.

Thut PD, Hruska RE, Huxtable RJ & Bressler R (1976). Effect of
taurine on eating and drinking behavior. In:Taurine, edited by RJ
Huxtable and A Barbeau, p.357-364. New York Raven. USA

Tranquilli AL, Cester N, Nanetti L & Mazzanti L (2004). Plasma
lipids and physicochemical properties of the erythrocyte plasma
membrane throughout pregnancy. Acta Obstet Gynecol Scand
83:443-448.

Tufft LS & Jensen LS (1992). Influence of dietary taurine on
performance and fat retention in broilers and turkey poults fed
varying levels of fat. Poult Sci 71:880-885.

Winocour PD, Vickers JD, Kinlough-Rathbone RL, Packham MA &
Mustard JF (1990). Thrombin-induced inositol phosphate produ-
ction by platelets from rats with diet induced or genetically
determined hypercholesterolemia. J Lab Clin Med 115:241-248.

Yamamoto K, Yoshitama A, Sakono M, Nasu T, Murakami S &
Fukuda N (2000). Dietary taurine decreases hepatic secretion of
cholesterol ester in rats fed a high-cholesterol diet. Pharmacology
60:27-33.

Yoshimura H, Nariai Y, Terashima M, Mitani T & Tanigawq Y
(2005). Taurine suppresses platelet derived growth factor (PDGF)
BB-induced PDGF-beta receptor phosphorylation by protein tyro-
sine phosphatase-mediated dephosphorylation in vascular smooth
muscle cells. Biochim Biophys Acta 1745:350-360.

Zicha J, Negrin CD, Dobesova Z, Kunes J & Dominiczak AF (2001).
Altered Nat+-K+ pump activity and plasma lipids in salt-
hypertensive Dahl rats: relationship to Atplal gene. Physiol
Genomics 6:99-104.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


