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Hypocholesterolemic Effect of Tangerine Pulp, Sea Tangle or Prickly Pear Cactus
on Lipid Level, Intestinal Cholesterol Absorption, Platelet Aggregation and
Liver Tissue in Hypercholesterolemic Rats*

Kang, Min Sook - Kang, Jung Sook®
Department of Food & Nutrition, Cheju National University, Cheju 690-756, Korea

ABSTRACT

This study was done to investigate the hypocholesterolemic effect of low dietary fiber in a high cholesterol diet in aspect of
cholesterol absorption and excretion using Sprague Dawley rats. After feeding diets containing 0.5% cholesterol and 5% tangerine
pulp, sca tangle or prickly pear cactus for four weeks, we measured the levels of plasma and liver cholesterol and triglyceride, fecal
neutral sterols and fecal radioactivity after ingestion “C-cholesterol. We also examined platelet aggregation and histological change
in liver tissues in association of hypercholesterolemia. The liver to body weight ratio was significantly(p.< 0.01) lower in rats fed
prickly pear cactus than in other groups. The levels of plasma total cholesterol, LDL-cholesterol and triglyceride were decreased
significantly(p <{ 0.01) in the prickly pear cactus group compared with the control, while there was no difference in the liver levels of
total cholesterol and triglyceride among groups. Fecal corprostanol and cholesterol were significantly(p < 0.01) higher in groups of
control and prickly pear cactus compared to the other two groups. Radioisotope excretion after ingestion of “C-cholesterol was
higher in the control group than in tangerine pulp group or sea tangle group, with the highest in prickly pear group. Radioisotope
excretion was the highest during the 2nd and 3rd days in all groups. Hematocrit and platelet aggregation were decreased in all fiber
groups compared to the control, but not statistically different. Microscopic examination showed that cholesterol diet caused a fat
accumulation in the liver and prickly pear cactus decreased the fat accumulation. Result indicates that prickly pear cactus has
hypocholesterolemic effect by decreasing absorption and increasing excretion of cholesterol, thereby protective effect on fatty liver.
Contral group fed diet containing high chelesterol and low fiber seems to have a self control system in cholesterol absorption and
excretion preventing hypercholesterolemia. (Korean J Nutrition 34(2) © 141~149, 2001)
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oja} olg ZFo o]E XFF AFL UF Fel2HE,
& LDL-Z2d4HE2 A3l 2ed Russ e
1 7 cellulose®}t hemicellulose® ¥38H= wheat bran 5
7 e B84 Ho] AfY HH= FEE o8 A
A 83 ez oue FFE XA B A
o3l Agdte a8 Ryt oad Aoy A4
o] #F Zy 2 ANs s 4 didel AT 2
ZY2HE EF $A491 Agrtgan " A" F59 7
§ Ao} 2o EYAEE A7)} AR AMEE dRAe
ol wet 7 o) Z7)7} aEg T £84 HHH
g3 Sy 2eE Astado] g dutzl L7142 4
o] ZF#lAd oL} FFAe FrAs A% Aot} 1
1}, Fernandez®) A& el £ citrus pectin'™o|1} &ut
o A¢13F Avje] AAR pectin'oll Qo)A EdHAHE A
3t g2 ZAH 9 Foud EEAY wjd e Fud
Ao 2 vJeht gt} Abraham §7& F3 84 454
% TAHE psyllium 25, AHE 2lolAe] 5 S 2
& As avks dY49 Fau e ad% ¥
o] gtk AEUe] Afd FAL Holx 371A] olite)
B3 443 deyz 840 B8] $A SRR
AAE ¢ Az g axhg 7 38 7 A 2
s Aol

AokolA 84 AF5AZA oat bran, guart}t locust
bean gum, psylium 52 A3 o 21} A Fof Mo
A Aol HfAel adE Hug A3 glch $-2f FH
Al 4714t =l o] 84 i gl vl Fod
A A4A 7 F dE AFE £AEA AzF ga, &bt
g AelAe Az 5 qlol 7HEvte] AS- Anjge ok
Az AHskE Q1 2 @A e} vV R nre| o] = JH|
2 4gEold 4 qle) Supet A Ao & M T A
ARFE AFoz AuE] oj&E1 glovt HrH1 e
Z7) BB diaid 5} Al ko] do] dAY =49
% 59 thickner® ol% 7F5Ae] ZAE T 9o}, 28y
o)Eo] zh= &ubo|u} Ay HAY Fo Qs ot A
22 A gouM Fie HHAdS FFE 5 U ol
£ V5§ 2L 3~5% e s g§e 8% oplrh

B Ao drjot, 72 gd 2 Enpe dR1ge) 27
g AL AA2 o] 7Hsd BEUE nFH2HE o]l
A7k o ol AE L4771 & Qe WE FH2HE
AlAHE o] FaxH S T4 vjide] SN 2
Aatmal shdek. 0.5%9) Sd4uES it s 7
B Aolo| Eubet A e, Ee gEwe 5% 3
7}ate] Sprague Dawley Al A F5-& o 837 31
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1) YUFEY A°o| A& A NEXH

AF 559 Sprague Dawley 3 407121 & =+, 3
A n, Eule Mo B B5 448wl 7} 100t
24 e § 0.5% cholesterol® 0.2% cholateE &t
sta FdfRe 712 Ao|(hypercholesterclemic diet)
E R Aol 2, ofrld AR 5%¢] ¥F Az I
Z7 2 (tangerine pulp). FHA"Hsea tangle), Ewied
9174 &7 (pricly pear cactus)®] 2% 4o TEUG
(Table 1). FE& Z}7] stainless steel cageoll ¥o] 124]
7REY, 1227 GEF) 24RE PelM Holot &
Af2o| FFE A AlE7I7HES F 2304 Xof A,
AFWEE 712sln HE FHsI F7) FAA 2 F
- 200 BEST). 479 FHES 12400 A4S & car-
diac punctures] 23} A 3L #F heparin A=
¥ A ¥ (whole blood)® B AAEAE 2|3 heparin©]
AR o gde g2 A e v A2
o AgZelz gY9 NS AAsl FAS SAH F,
7 2AAANE Y8 915 10% T=Zd L0 nAFAA

Table 1. Composition of experimental diets(%)

Ingredient ) P-re- Control Tangerine  Sea PS;!;'_Y
liminary pulp  tangle cactus
Casein® 20.0 20.0 20,0 19.5 19.5
L-methionine® 0.3 03 0.3 0.3 03
Lard 9.0 9.0 9.0 9.0 9.0
Soybean oif 1.0 1.0 1.0 10 1.0
Choline chloride 0.2 0.2 0.2 0.2 0.2
Vitamin mix’ 1.0 1.0 1.0 1.0 10
Mineral mix® 35 3.5 35 3.5 3.5
Sucrose 20.0 20.0 20.0 200 20.0
Corn starch 45.0 44.3 393 39.8 398
Cholesterof” - 0.5 0.5 0.5 0.5
Cholic acid® - 0.2 0.2 0.2 0.2
Tangerine pulp” - - 5.0 - -
Sea tangle” - - - 5.0
Prickly pear cactus® - - - - 50

a: Teklad, Harlan Madison Wi, USA

b: Mineral mixture based on AIN 76A

c: Sigma chemical Co, USA

d: Tangerine pulp, Sea tangle, priclkly pear cactus powdered after
freeze dry containing 6.3%, 10.6% and 12.4% crude protein respec-
tively, Casein was adjusted based on crude protein contents
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ZH2HE FFEE SAE] A AP 45 45
H Sprague Dawley =3 2002lE 2+zt smie)¥ 470 &
o8 o] APHolZ AHd 27w, 204 7HE M4
71 % 0.2nci Bgel "C-Z2HAEE £ 20002 ¢EF7
A12F10%- Aol Aolol Ho] AF AR

2) 92 3HY

49832 whole blood platelet aggregations &4
3= impedance o, Fade] 3 uel FsE
5 AS79 HFohm)e F7k= vehdt). Chronolog ag-
gregometer(model 500, Havertown PA, USA)E A}&-
gt 0.25ml 84 L H2AFE HNsA(1: 4) Do
o] dgF 200.000/u= =Y F ADP(2M)S H718kd
S FEYT, 33] wES JFAE AMRSI

3) 899 [Eug By

gie| F Fel~HEE Waco kit{Waco Pure Chem-
ical Ind., Osaka, Japan}&:, HDL-Z@|A~H &3 A4t
< A 2HInternational Reagent Co., Tokyo. Japan)
< Al BAsigot LDL-Ed 2888 3 220
E3 HDL-ZEAHEY £A3E o &3t AAEA

4) M9 AR 24

2t ARy FUzHEd FAA ] #32 Folch 579
HHE o AR Ae2 2 23 158 6mi chloroform/
methanol mixture(2 : 1. v/v)%} 2m] S/F58 Yol 732
g F 3,000 x gollA 48R slEd 500
sl AA7lA2 AZF T of7)e] 501 Triton X-100/
chloroform mixture(l : 1. v/v)% 4501 chloroform2
wolx 500p2 THEo] 7PEA E5 WEEE S8AA
o} olF 20~501& & chloroforme #HWAZl &
Wako kit& AHgste] 71e] 22688 FA4sst ¢
FAA L 5d 205012 F 3t chloroform & 32
A7 F 500 eheS W3 S3A1H FAAGE ALEEle
Z338ct.

5) M9 FYAHE 24

We] $42HE #%& DeDeckere 5% Wi 4
8921 silylations A= &giv}, T2 Axg A B
2 100mgs Algel] #Hstm, v¥st A1717] 9938 5mM
NaOH 0.650& #7181t} 47]40 internal standard$!
50—cholestane(Sigma chemical co., St. Louis, USA) ¥
A¥=% methanol 2mle o #H71E F. 80T water
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bathell A 1A F<t sikstadct, eickst Aldahe 43 F
3ml petroleumn ether® 3#d] 1lro] FAHAHEL 24
th, e &9 F4H2HEE gas chromatograph(HP
5890)° =943t coprostanol} cholesterold] & 23
3k GCEA 2122 detectors FID, columne 30m
X 0.32mm HP-5, fused 5% PH ME Siloxane capillary
column, cartier gast nitrogeny AHESFE2H . oven
temperature™ 240C 52, injector =% 270, detec-
tor 22 & 280CE sl

6) & 25 YA

7} Zubt} 4 sampled} 7+ 22 290lA #F st 7
2REE o] BEsAr). 7 228 10% formaling}
o2 nAsgen, GdrAAgE Azl F, paraffin 20 A
H& wHEo] Hematoxylin-Eosin §4& § ¥ 3shdu)

ZoE #ASL

7) MY PINE FHEUL B

FH 28 &S S38] Y8 0.20ci] “C-cho-
lesterol(NEN, Boston MA, USA)E Ztzhe] oA A9
2loo} g A F T 1M EE 647142 W
F4ste] Loy Axsln B F. 2wl 52F
oF 3¢ ¥ HAAE P4 07 scintillation vialel 92
t}, o719 15ml scintillation cocktail(SZINT™-A XF,
Packard) & #718lm, $¥3] S Uss 2 8o & ¥,
scintillation counter(Packard 2700PR}S ¢]-&3] =3
s}

8) sHNaYY

2 A9 A Hdy REAAR EAISIEn, 48
AAEZ HEgke] alolE one-way ANQVAZE Abgdld]
AFSE29, p <0.05 94 Duncan testol <& z}
Aojof upbE Az e} R AE HEsdoh

da 8 4%

1. §3513, A°I85T ¥ AT

T2 Ed2HE0] HMEA] 2 4579 on| A
el A7t Table 29 84 Vel gltk S8 o] Yo} In-
itial weighte]l H-&5% FH &) 21, = AF §F-A]
{liver/body weight ratio) = 2kt o}, ks o 300~
400g9] A3 =HY o] FAE AF 2] 2.8~3.2%¢
gtk B A8e] FA & oA g A2l Aol
sten 7t HE ol dojAM ey Eel Al
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A g dudge vid ZE ddTdA 4] S
o] glEdl, Svbe AAY ATelA 2 F74E] #2013
(p <0.001) 2.2 stsir}. ol 748 FA7E o2 ATl
H)g 22 2g ulshod] Sufg M IEULHE
o)z lgk Aukztelu} 74 BlU & WA A7t F

& =9,

2. 89%9 § FHLAHE
g9 38NY
Table 39 FAf-29] 2d2HE] Hrtelx] 2 U
ZA A o]2 AHEE F9 preliminary 28277} ¥4 &
Alge] git}, thAFE W ES e 2HEe A7td & 4
3ol e AT YoM BF F ZejLuEe] F71H
o] 9l vkl HDL-ZH4HEE Y33 ase du,
B3] g3 SAAol 2318 Zadhs A% AU A
M =& Fgu Yoo e Fuld] 7% e
Kushwaha 52| baboon Q@2 3}s} Ax|gic} 2 44
of| A} &l MRlATe] AF F EH2HE Al x2S
o mig) fxezm Fafot(p <0.01), ZEukrdA
E 239 718tk HDL-2al2d& 58 Ak
o] o7t w A, dubet MAFL 7 A vERtot di

, HDL-242HE, LDL-292H

ﬂ} v w3le o) §24 Aol gt LDL-ZHAHE
F FelaHE2Y F THAEA vl S el
. 93 A B A2l e AYT ek

A vebgErl(p <0.01), Eube AA3E AAF F AR
A APFE gzl vis 83 TSt T4

o Astae ot Kimd Wang™2 $4#2 ol
10%7F H22 H71e 39.7% ddu () o2 7y 83
Fi28E FAERE BYT, Lee 579 A8 wal
7%9) ThX|u} L 2o] ¥ Fe2HES FAAIZT Fer-
nandez 57 0.25%2] Zal~elEo] giHof gz 2¢]
o 1% A9 Helo] ko] FYAHES fFolFo= A
NZx, 22 ZYAHE 209 citrus BE AF A 1
= 7.5% o2 vj&d anE B T

B A3 AFRE 352499 #4852 (total dietary
fiber)2l 332 vlma] & of B£449] Zpol7} glAAT 7
(25 29), ThAE1(49.9%), £ukeh Me1A(46.1%)
oz el 71 wton] AMRH 5% FEA gl
e 24542 1.5~2.3% ) g2y AolA 7
ot Ao FAHE FFo] gRTEY g H2 H
HEoN AFHAAT ZEFurEe] “C-isotope #iAdolLt
We] ZAAHE Fgo] t2FHO G2 Ao due] ®

Table 2. Weight gain and liver/body weight ratio in rats fed none cholesterol basal diets and cholesterol added experimental diets

Preliminary(No cholestrol)

Main experiment{Cholesterol)

1 2 Control Tangerine pulp Sea tangle Prickly pear
Inital B.W(g) 2039 + 6.4 155.5 + 20.4 1004 + 85 100.2 + 6.5 1001 £ 6.9 1003 £ 74
Final B.Wig} 3748 + 23.8 3559 + 18.4 326.1 £ 24.3 3416 + 27.9 3450 + 29.6 321.2 + 150
ADGig/d)" 61 £ 07 67 + 07 81 + 06 86 + 09 88 + 09 75 £ 05
L.W/B W (%) 28 + 02 30 £ 03 51 = 041 51 + 04° 53 + 06 42 + 03°

1) ADG: Average daily feed intake
Values are means + SD of 10 rats

2) LW/B.W: Liver and final body weight ratio
Two preliminary reference data excluded for statistical analysis

Values in the same row not sharing the same superscript differlp < 0.001)

Table 3. Effects of dietary cholesteral and fiber source on plasma and liver cholestercl and triglyceride

Preliminary

Main experiment(Cholesterol)

(No cholesterol) Control Tangerine pulp Sea tangle Prickly pear cactus

Plasma”

Total-cholesterol** 176.63 £ 17.31 242.92 + 33.29° 352.49 + 36.90° 240.77 + 44.86 167.70 £ 18.37°

HDL-cholesterol* 43.65 +12.19 1247 + 230" 1239 + 1.61° 1418 + 2.00° 11.76 + 1.29°

LDL-cholesterol** 133.0 +16.84 215.78 + 32.07° 325.14 + 36.97° 21117 + 44.42° 144.80 £ 17.92°

Triglyceride** 6192 + 1343 7337 + 877 74.80 + 12.68° 77.12 £ 11.60° 5574 + 7.29°
Liver”

Total-cholesterol 9.27 + 3.34 5418 + 577 5898 £ 9.79 5432 + 686 53.80 = 4.80

Triglyceride 2146 + 792 64.34 + 10.55 54.66 = 654 64.61 £ 11,22 60.31 £ 919

1} Plasma levels in mg/100ml, 2) Liver levels in mg/g

LDi-cholesterol calculated from an equation: LDL-cholesterol = T-cholesterol -

Preliminary reference data excluded for statistical analysis

Values are means + 5D of 10 rats

{HDLcholesterol + TG/5}

*»: Values in the same row not sharing the same superscript differ(p < 0.01)
+: Values in the same row not sharing the same superscript differ{p < 0.05)
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Table 4. Percentage of total excretion of “'C-isotope after ingestion of 0.24Ci "“C-cholesterol and concentration of fecal neutral sterals
B! pe B

Control Tangerine pulp Sea tangle Prickly pear cactus
“C-isotope excretion" 8.58 + 2.62 5.88 + 1.54 6.88 + 1.28 16.95 + 3.41
Neutral sterol excretion?
Coprostanol 4.00 £ 0.52° 097 = 0.27° 110 £ 0.77¢ 1.89 + 0.44°
Cholesterol 66.90 + 4.89° 3212 + 2.45° 3432 + 373° 66.07 £ 6.95°
Daily fecal weight 0.47 £ 0.05 1.11 £ 0.15 1.49 + 0.20 1.18 £ 0.07

T) Percent of total “C-isotope excreted for 6 days after ingestion of 0.2uCi 14C-cholesterol, values are means + 5D of 5 rats

2) Fecal neutral sterals in pmol/g dry mass
Average daily fecal weight after air dry, expressed in gram

Values are means + SD of 10 rats

Values in the same row not sharing the same superscript differ(p < 0.01)
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Fig. 1. Daily excretion of radioactivity following “C-cholesterol fe-
eding (% of intake).
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43 202 nEA BXHE 70 U9 £32) 22
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AHAA 0.2uCizgol A vl dE “CAbsS A9lF Yol &
T #7E A2 N ozl ol AA WA
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B prickly pear cactus

2 gAaud oeld 2dsng 97 FRE 30~40%
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Zg~H2 AHE S42HEC] FEH B9 W7
o So] opdst AzbEnt AT FolA Eupe M F
Aru e Mdze Foldog ELH(p<0.01) ol &
niet Aol zto] 2 2elE FFE dAshe At 23E&
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gk, Ay w S 23 cholesterol®) 3 AEEA
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5. Hematocrit 712 4% §3

Hematocrit 5319} @431 27 g 2#= Table 50l
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&L wol7|= dtgonrt Azt frefAe Aivh 4
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gt g A AoaAe dE nae gich
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Zuj2EEo] HrHEA) he Ao|Z AEE 7R A ¢
7 v 2yauZe] drkd 2 439 dagent 4nd
AT 5 750k Fol glar e} vl (hypertropic) 2
A A 2 (hypochromic) & §¢te 2 e & A=, &
wiet MoiAe] H$- 1 Awst ek 7H 27 4vlely
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Flg 3 Mlcroscopuc appearance of liver tissue, (X300). A: Control group, B: Tangerlne pulp group, C: Sea tangle group, D: Prickly pear

cactus group.

Table 5. Hematocrit and platelet aggregation in rats fed cholesterol added experimental diets

Control Tangerine pulp Sea tangle Prickly pear cactus
Hematocrit{%) 4531 + 336 4347 + 0.76 4421 £ 2.27 4374 £1.78
Platelet aggregation
Maximum(<2) 1251 = 2.83 1113 x 229 11.76 = 2.96 1.7 + 2,55
Initial Slope(Q/min) 10.64 + 2,16 10.51 + 1.16 1025 4+ 1.93 9.23 £ 1.92
Values are means + SD of 10 rats
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