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Effects of Dietary Supplementation of Sea Tangle Extracts on the Excretion of
Neutral Steroids and Bile Acid in Diabetic Rats

Min-A Jang, Kyeung-Soon Lee, Jung-Sook Seo' and Young-Sun Choi*

Dept. of Food and Nutrition, Yeungnam University, Gyeongsan 712-749, Korea
*Dept. of Food and Nutrition, Daegu University, Gyeongsan 712-714, Korea

Abstract

The present study was conducted to investigate the effect of dietary supplementation of sea tangle extracts
on the excretion of neutral steroids and bile acid in diabetic rats. Sprague-Dawley rats were fed on AIN-76
based experimental diets containing methanol extracts (2%, w/w) or water extracts (4%, w/w) of sea tangle for
4 weeks. And then they were induced to be diabetic by receiving streptozotocin (45 mg/kg BW) intramuscularly.
The dried fecal weight was increased significantly in water extracts group compared with control group. The
fecal content of cholesterol was higher in extracts groups of sea tangle than in control group. But there was
no significant difference in fecal excretion of cholesterol between methanol and water extracts groups. The fecal
excretion of coprostanol was increased significantly in water extracts group compared with the control group.
The fecal excretion of bile acid was increased significantly in sea tangle extracts groups compared to the control
group. These data suggest that dietary supplementation of sea tangle extracts might reduce the incidence of
atherosclerosis through increasing the excretion of neutral steroids.
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Table 1. Composition of experimental diet (%)

. Group Control ME? WE”
Ingredient
Corn starch 181 16.1 14.1
Casein 20 20 20
Sucrose 40 40 40
Corn oil 5 5 5
Lard 10 10 10
a ~Cellulose 2 2 2
MeOH extracts of sea tangle 0 2 0
Water extracts of sea tangle 0 0 4
Mineral rmx 35 35 35
Vitamin mix” 1 1 1
Choline bitartrate 0.1 0.1 0.1
DL-Methione 0.3 0.3 0.3

YVitamin mixture according to AIN-76 (Teklad, USA).
"“))Mineral mixture according to AIN-76 (Teklad, USA).
*ME: diets containing methanol extract of sea tangle (29).
YWE: diets containing water extract of sea tangle (4%).
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Fig. 1. Effect of dietary supplementation of sea tangle extracts
on the change of body weight in diabetic rats.
Abbreviations are the same as Table 1.

Table 2. Effect of dietary supplementation of sea tangle ex-
tracts on the body weight gains, food intakes and FER in dia-
betic rats

Group” Weight gain Food intake FER”
g/day g/day )
C 70'29t4.022)1\‘53) 181i068b3) *OOSJLOZOI\S
ME  -11.97+1021 1631074  -0.84%061
WE -5.00£2.62 15610.41° -0.3x0.16
‘“Refer the legend to Table 1.
IMeans £ SE.

PValues with the same superscript letter within the column are
not significantly different (p<0.05).

4)FER Food efficiency ratio.
INS: Not significant.
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Fig. 2. Effect of dietary supplementation of sea tangle extracts
on plasma glucose in diabetes rats.
YRefer the legend to Table 1.
f’MeanS +SE.
"Values with the same superscript letter are not significantly
different (p<0.05).

Table 3. Effect of sea tangle extracts and hypoglycemic agent
on plasma levels of triglyceride, phospholipid and cholesterol
in diabetic rats

. o . . Total _
Group'' Triglyceride Phospholipid cholesterol HDL-C
mg/dL plasma
C 1063+199™™ 104%20° 818201 403+7.8%
ME 69.2+149° 100£1.0® 736£16.0 39.4*122
WE 732+133® 99+19® 7701209 488+15.7

URefer the legend to Table 1.

Means+ SD.

®Values with the same superscript letter within the column are
not significantly different (p<0.05).

“NS: Not significant.
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Table 4. Effect of dietary supplementation of sea tangle ex-

tracts on dry fecal weights and fecal moisture contents in dia-
betic rats

Group" Dry fecal weight Fecal moisture
g/day %
C 1.22+0.097* 51924
ME 117+0.12° 478%7.2
WE 153+0.08° 54.6%1.7
YRefer the legend to Table 1.
“Means + SE.

FValues with the same superscript letter within the column are
not significantly different (p<0.05).
NS: Not significant.
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Table 5. Effect of dietary supplementation of sea tangle ex—
tracts on fecal excretion of neutral steroids and bile acids in
diabetic rats

Group” Cholesterol Coprostanol Bile acid Total steroids
nmol/day

C 42316277 10124807 52+04* 14871151

ME 69.1+t88" 895+93" 104+23° 169.0+204%

WE 69.3+154° 1328+80° 105+1.2° 2126+146°

l“Refer the legend to Table 1.

“Means + SE.

3V alues with the same superscript letter within the column are
not significantly different (p<0.05).

8ol Mo 2 == coprostanol®] ek ozl
41 101.2 £8.0 nmol/day, W&H-&F5E FolT 4 805+
93 nmol/day°l%, EFEE FodTol & 1328480 nmol/
day 2.2 FH o2 A== coprostanole] §Hake
ol feldeg Zrb=dvHTable 5).

Mo g wid e e ke §8-2 Table 59 7o) dl&

ol 4 += 5.2 + 0.4 nmol/day, W &H-&FEE Fof Tl A= 104
+£2.3 nmol/dayel 1, E55E FiFlMe= 105112
nmol/day 24 #¥0 2 wiAd sl @Atk deke oA v xS
B FATANA 2T v frolxom FA Jebdr) &
HAdA Aot FZ2E5E FAToZN o WA= F
A e B Eakeke] foldoz ZrlsE

7743 4] @At Al pAlvk, vl 3] 5 sl 2 Fo) ok
H7HE Ao & Al gt of 5 ZeaH EZ3 FAA A
FE7F A3 Fhaste] AA AR AN AAA R o Ban20)7)
°‘1:]— Innami £(22)2 Jew's Mellow Uol|l4] 484 A £
FE38to] FolstdS ol €A bl Mo Z e E FaF
o] o] st A, Mo R g3k z”iﬂliﬂ 9] uj
o] frolx o g 2713hg Ittt 152 Jew's Mellow
o) @l a) 7o) A A Fapg A EFA 7] AL 584 Ao AG
7ol &9 vl d & fr=gk &+ “HT"]ELL A
£ AFo)A A etEEEe] Foia %‘4}3} 4
g 2ojze] wjdoe] FrldE Azt -rr*]-‘ﬂ AFZ oA A

Lee(23)= A A 2Fud F= F ohAvt Foa245
TR Ao ) 2F4 cellulose FolTell vl&l| thAj e} Fod -

oM ¥ ieﬂ"\‘:‘ﬂi-‘% LDL-ZA 28 & $Fo] A=
ok ¥ wskod ek o] = ohA| vt Foi 7} T Abel ol A ) Al A}
o o) E e 8-S AAkska ok

WHAEA A FagolA e A EFe] F2 Jehted, 59

e )\Eﬂi_,‘ Z7l7} o) =) Eul A sl

23 J3-& vty el A Qlok & G et
%"%% Al 4 LDLo) A3 = o] B & 9 9)
&A1) 2, °47]°ﬂ gt So] Hity]e] F7

33%

M

AN

'?—J;LD} F e ghatol|

A AEBA %115‘&94 g gol % Ao B E geH25).

Bl Zol=9} 54l vl A= 4 823
o) 2} zro] i o] 4o LDLS) Abshe 2l S 3
o) YAl LDLY 4HEHe AHfaie) 2e] Bedahe

A FHAkste] B o 2 AR H26). & AT AR F
ZE2 AR ZH2GES A wiEo] SUIEEHN AH
W LDL®] 4tste)] 23t 4o #3ld Aoz Azhgc}

Moundras 5(27)2 544 Aol -H< guar gumE 43
ol wel @39 FHAHES FAAAe] foHo R
slg e, o= W o R G5t ~E 2ol o) wjido] FrlE
W7] dEoletar spsivh 84 Ao) A fdll 23t ZH ~HE
A s A 44 Aol w7t Aol e Eolvt &
FA Al G5t AR ¢35 JAgeEH F4
2HE9] AFTE A#sty] o Alsslr) =3 geld
B3t AlolAdfre] AAe] Al ZFH2HE F TAHA
) A4 AEgsle] ol 59| vid S SR F4E P
Asl= A2 waH 3 gleH8). Sandberg 5(28)-2 sodium
alginate S Fo g Z 7, Ak vl o] 140% A= S7lsE9 =
) o] alginate7} A|¥H4 Agste] vl E 7] W Fole}
sl & A7ollA] oAt EREETANA FH H R =
o] wjde] S/ Ak opA| vk 544 Alo]df A8l so-
dium alginate®] 283} o] gleg]z} A=)

=3 Aol -5 A F3hd A Aol o &l s o] A
= @z ukile] 3-hydroxy-3-methyl glutaryl CoA reduc-
tase(HMG-CoA reductase)®] 8- A3t} F#| 2829
$4E A Ak deiA T 9leh29). o]ed ZelaHE
pool?] Ztart @l 2t T2 FE| 28 & tumover £ 25
F7H71= A2 A7 E 3 Qlo) Alo] Aol &g o2
E 59 Al AA 2 FEAl AF5] At o7 A
2 ohe, FAA U FH2HE oo o} 2 AR FF A
&7 Biha o2 Agdide Bax Iok(30).

FARE ZU 220 YA FHEA e ogH

Ab 33 A gke] A 71 A Zholl = Al A 7} gl o o] 4]
FEab 2o ERUAE FEE T 9101 (31) AR F
o2 s WHeog ghgate] geol wid=g diAgte] Y=
ok & 4 gl

wzhA] hAletke] 235, 53] chAjube] 4284 Alo) A A
2 G54 AA 23t o] 59 wld S ZoiAzl e 2y
FEALTH FALH R =29 AW FHHE A3 22
A1A B Zal2H &S A7 ed 25bdQ AL A}
B4

2 <

& A7E AReH ol A2t 22T AT £EEE
FeIt QA Fg FENT A%k F3E 4R 2
w39 YA PEZ it DA E AW AdeiaLe @
sholl P12 3 g-e 2AkskTA Ssich. AASNA Al she) o)

B232EE02%, w/w)T EFE5EU%, w/w)& Alold A7}



824

, streptozotocin(STZ, 45 mg/kg BW).2.
+ ?’é‘%, 23 Tl zEES SAA A, He
W) ARl o wHEA S A
B s ?l'ﬂ A9 AT Fart Ao 4
Aoz vebtbA] At e EE
gt %*’F%% ATl Bxel 93 At A
& 0.2 ejytel, Alolol uhe Aol £&2] Aol et
gkort Aol A= TE Foite] froHor I
€ ‘T}C‘] pric Eé‘% ‘?iﬁ}b Fad fEst A g
oA ek RS2 FolTellA R A
o vretl)

21s) Aol & Holn Wakeh
Fake AP Tl Fol4al Aol glont

1o,
of
T
k)
>
£
T
!10115
ot
flo
il
59(_4’
HJ

SN
2
>
o
fo
)
jo
ut
N
N
S
£
M
(i
e ofN
st 1o
4
M
SO VO
ol b g

M
Y
£
SV
K3
>
of¥
N
ol
i
o
ot
£
32
rE
n
=

3
fi
n‘,’L’
i
r]o
2
L)
L o
o
m{n
2
_>r,
i)
N
1
il
L
L
>
_E
—
L oy 2 R

e
e dr 2o e

° WU M gl o o MY

Qo
g
Q

%oy B oo

T

g

ol x| wis] f-olHog Fotod 53] £
Toll A 7H wol v E it shFell W o g wijdE =
stanol &% ARt BHEE FofFoA F-oF
7}_Q04\:], How wAdss gEate] sheke vjeke )

FoyTell A cf o vlsl] ol A o g Eheh oA
245: Bl & d Avt 22 E A HE FeadES 2
FHAoHRo| = WA S FAAYH 2 TH e E s LAY}
7] - E S T ES] ubE il 71 & 59l
2lzt AbEEich

£

A el
m{

i 4;' f‘“

r‘]o rio My ol

N

adAtel 2
2 A7E g el 471 2dTA (A 2 96
0402-0901-3)9] dH] 2| ez S A7 A3te] el
of, A7) X fdell A=Y

fad

Mo

1. Baynes JW. 1991. Role of oxidative stress in development of
complications in diabetes. Diagbetes 40: 405-412.

2. Strachan W], Deary IJ. 1997. Is type II diabetes associated
with an increased risk of cognitive dysfunction? Diabetes
Care 20: 438-445.

3. Han XL, Abendschein DR, Kelley JG, Gross RW. 2000.
Diabetes-induced changes in specific lipid molecular species

Ao} - o) 3% -

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

21.

22.

23.

24.

25.

in rat myocardium. Biochem J 352: 79-89.

. Ginsgerg H. 1991. Lipoprotein physiology in non-diabetic and

diabetic states: relationship to atherogenesis. Diabetes Care
14: 839-855.

. Best JD, O’Neal DN. 2000. Diabetic dyslipidaemia—-Current

treatment recommendations. Drugs 59: 1101-1111.

. Gibbones GY. 1996. Hyperlipidemia of diabetes. Clin Sci 71:

477-486.

. Jonnalagadda SS, Thye FW, Robertson JL. 1993. Plasma total

and lipoprotein cholesterol, liver cholesterol and fecal cho-
lesterol excretion in hamsters fed fiber diets. J Nutr 123:
1377-1382.

. Song YS, Yang JL, Suh MJ. 1996. Effects of sodium alginate

and cellulose on gastrointestinal physiology in rats. J Korean
Soc Food Sci Nutr 25: 551-559.

. Torsdottir I, Alpsten M, Holm G, Sandberg AS, Tolli J. 1991.

A small dose of soluble alginate-fiber affects postprandial
glycemia and gastric emptying in humans with diabetes. J
Nutr 121: 795-799,

Wursh P, Pi-Sunyer FX. 1997. The role of viscous soluble
fiber in the metabolic control of diabetes. Diabetes Care 20:
1774-1780.

AIN standard for nutrition studies report. 1997. J Nutr 107
1340~ 1348.

Crowell M]J, Macdonald [A. 1980. Enzymic determination of
3a-, 7a-, and 12 @ ~hydroxyl groups of fecal bile saits. Clin
Chem 26: 1298-1300.

Bennett WG, Cerda JJ. 1996. Benefits of dietary fiber. Post-
graduated Medicine 99: 153-175.

Broderick GA, Walgenbach RP, Sterrenburg E. 2000. Perfor—
mance of lactating dairy cows fed alfalfa or red clover silage
as the sole forage. [/ Dairy Sci Assoc 83: 1543-1551.
Boden G. 1997. Role of fatty acrd in the pathogenesis of in-
sulin resistance and NIDDM. Diabetes 46: 3-10.

Reaven KM. 1987. Abnormal lipoprotein metabolism in non-
insulin dependent diabetes mellitus. Am J Med 83: 31-40.
Park EY, Lee SS. 199. Effect of dietary fiber on the serum
lipid level and bowel function in aged rats. Kor J Nutr 29:
934-942.

Park HS, Kim KH, Yoon HS. 1997. Comparison on the mech-
anism of hypocholesterolemic effect of dietary fats and fibers
in DMH-treated rats. Kor J Lipidology 7: 141-153,

Wang C, Yang G. 1997. Comparison of effects of two kinds
of soluble algae polysaccharide on blood lipid, liver lipid,
platelet aggregation and growth in rats. NCBJI 31: 342-345.

. Son HS, Kim HS, Ju JS. 1992. Effect of seaweed intake on

the absorption of sodium, calcium, potassium and hypolipide-
mic mechanism in healthy male subjects. J Korean Soc
Food Nutr 21: 471-477.

Lee HS, Choi MS, Lee YK, Park SH, Kim Y]J. 1996. A study
on the development of high-fiber supplements for the diabetic
patients (I) ~ Effect of seaweed supplementation on the gas-
trointestinal function and diabetic symptom control in strep-
tozotocin—induced diabetic rats ~ Korean J Nutr 29: 286-295.
Innami S, Nakamura K, Tabata K, Wada M, Takita T. 1995.
Water-soluble viscous substance of Jew's Mellow leaves
lowers serum and liver cholesterol concentrations and in-
creases fecal steroid excretion in rats fed a high cholesterol
diet. J Nutr Sci Vitaminol 41° 464-475.

Lee KS. 1998. Effect of sea tangle and hypoglycemic agent
on nutrient status and intestinal ultrastructure in diabetic rat.
PhD Dissertation. Yeungnam University.

Haffmer SM. 1998. Management of dyslipidemia in adults with
diabetes. Diabetes Care 21: 160-178.

Palmer AM, Thomas CR, Gopaul N, Dhir S, Anggard EE,
Poston L, Tribe RM. 1998. Dierary antioxidant supplemen-



26.

chAlot FEEe] Folrt waslel

tation reduces lipid peroxidation but impairs vascular function
in small mesenteric arteries of the streptozotocin diabetic rat.
Diabetologia 41: 148-156.

Freitas JP, Filipe PM, Rodrigo FG. 1997. Lipid peroxidation
in type 2 normolipidemic diabetic patients. Diabetes Res Clin
Prac 360 71-71.

27. Moundras C, Behr SR, Remesy C, Demigne C. 1997. Fecal

Losses of sterols and bile acids induced by feeding rats guar
gum are due to greater pool size and liver bile acid secretion.
J Nutr 127: 1068 1076.

. Sandberg AS, Andersson H, Bosoeus I, Carlsson NG, Hass

elblad K. 1994. Alginate, small bowl sterol excretion, and ab-
sorption of nutrients in ileostomy subjects. Am J Nutr 60:

FAze 2ol FEAt Wi mlA e JF

- 20,

825

751-756.
Nyman M, Schweizer TF,.Tyren S, Reimann S, Asp NG.
1990. Fermentation of vegetable fiber in the intestinal tract

- of rats and effects on fecal bulking and bile acid excretion.

30.

31

J Nutr 120: 459-466.

Jenkins DJA, Spadafora PJ, Jenkins AL, Rainey-Macdonald
CG. 1992. Fiber in the treatment of hyperlipidemia. In CRC
Handbook of dietary fiber in human nutrition. 2nd ed. Spiller
GA, ed. CRC Press, USA. p 419-438.

Ikegami S, Tsuchihashi F, Harada H, Tsuchihashi N, Nishide
E, Innami S. 1990. Effect of viscous indigestible polysaccha—
rides on pancreatic-biliary secretion and digestive organs in
rats. J Nutr 120: 353-360.

(20021 79 229 A< 2002+ 10¥€ 109 A=)



