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Rabbits were fed a .semtpur$ed diet containing 0.5% choksterol and either 14% cellulose or a psyllium-rich 
cereal (PRC) which actually prol,rded 6.27~ Jiber ~insolublefiber/solublefiber:2.21:1 .OO). The PRC-containing 
diet led to .signifcant!\ Iou’er serum total cholesterol. hrgher hrgh-densi lipoprotein (HDL) cholesterol. and less 
severe atherosclerosis. In a regression study. after 2 months on the atherogenic diet rabbits were placed on 
cholesterol-free diets c,ontarning 67~ corn oil and 147~ cellulose or PRC. After 3 months serum cholesterol levels 
had fallen bx 337~ in the group fed cellulose and b!, 51% it7 the group given PRC. Liver cholesterol levels fell 
by 62 and 744 m the cellulose and PRC groups. respectively. The average selserifi of atherosclerosis had risen 
by 35% in the cellulose group and bx on!\ 47c in the rabbits.frd PRC. This study shows that compared with 1470 
cellulose, 6.27~ ps~llium,ft~d as part of an atherogenrc. dret resulted in lower serum and liver lipids and less severe 
atherosclerosi.s. (J. Nutr. Biochem. 6509-512. 1995 ) 

Keywords: atherosclerosl\. cellulo~. cholesterolemla: tuber. p$q’lllum: rahixt\ 

Introduction 

The influence of dietary fiber on serum or plasma lipids In 
man has been a topic of concern for many years; one of the 
more recent reviews of the subject was written by Truswell 
and Beynen.’ The effects of dietary fiber on hyperlipidemia 
in experimental animals has been studied in a number ot 
species, principally the rat, and this field too was the subject 
of a recent review.* However, there are relatively few stud- 
ies relating to fiber and its role in experimental atheroscle- 
rosis. Thirty years ago a comparison of the published stud- 
ies of the different effects of cholesterol-free semipurified 
and commercially based diets on atherosclerosis in rabbits 
evoked the suggestion that the difference in severity of ath- 
erosclerosis was due to the type of fiber in the diets. ’ The 
protective effect of the residue obtained after extraction of 
lipids from commercial rabbit ration was shown experimen- 
tally.“.5 Moore.6 using diets containing 20% butter, found 
significantly less severe atherosclerosis in rabbits fed wheat 
straw compared with those fed cellulose. Although pectin 
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has been shown to reduce cholesterolemia in rabbits’ no 
direct comparison of the atherogenic effects of cellulose 
with other fibers is available. A comparison of atherogenic 
diets containing cellulose or a psyllium-rich cereal (PRC) is 
the basis of this report. 

Methods and materials 

Male. New Zealand White rabbits (2 to 2.5 kg) were used in all 
studies. The rabbits were maintained in individual stainless steel 
cages and housed in a room that was maintained on a l2-hour 
hghvdark cycle at 22 + 1°C. The animals were given food and 
water ad libitum. 

In the first study the rabbits (8Igroup) were fed a semipurified 
diet containing 14% lard and 14% cellulose (Table I). The diet 
also contained 2’7~ safflower oil to ensure against essential fatty 
acid deficiency. After analyzing the lard present in the diet for 
cholesterol content. we added 0.43% cholesterol to bring the cho- 
lesterol level of the diet to 0.5%. The test diet was identical to the 
control diet except that 14% PRC was added in place of cellulose. 
The total level of fiber in PRC is 44.6% so that we were actually 
feeding 6.2 g of fiber compared with 14% cellulose in the test diet. 
The ratlo of insoluble/soluble fiber in PRC is 2.21: I .OO. The diets 
were prepared to our specification by Dyets Inc. (Bethlehem, PA 
USA). 

After I! months the rabbits were sacrificed by barbiturate in- 
Jection Serum was analyzed for total cholesterol. Low-density 
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Table 1 CornposItion of semIpurIfIed dlet 

Ingredient B Calor e (%I 

Casein 24 0 24 0 
Sucrose 24 ’ 24 0 
Corn starch 160 ‘60 
Lard 140 31 5 
Safflower 011 20 
Fiber’ 140 
MIneral rnlxt 40 
Vitamin mix* 10 
Cholesterol 04 
DL-methlonlne 0 3 
Choline bitartrate 0 2 

‘Fiber was either cellulose or psyllIJm-rich cereal (PRC) 
tin g/kg calcium carbonate (68 6) calclLm citrate (306 19). ca’- 
clum phosphate. monobaslc (1 12 8) magnesium carbonate (35 21 
magnesium sulfate, anhydrous (38 3). potass.um chloride (:24 71 
potassium phosphate. dibaslc (218 8) sodium chloride (77 ‘) ferric 
ammonium citrate (15 28) cupric carbonate (0 04) manganese su 
fate (0 20), aluminum ammonium sulfate (0 09). potassium lodlde 
(0 04); sodium fluoride (0 51) chromium potassium sulfate (0 551. 
and zinc carbonate (1 6) 
*In g/kg of diet, thiamln HCI (6) riboflavin (6) pyrldoxlne HCI (40) 
niactn (180), Ca pantothenate (16) follc acid (2) blot’n (0 21. B-32 
(lo), menadione sodium blsulfite (0 8) \/itamln A (4 000 1 0) vltamln 
E (501 ) vitamin D3 (1,000 1 0) 

lipoprotein (LDL) cholesterol and triglyceride usmg commcrciall> 
available kits (Sigma, St. Louis. MO USA). Livers were weighed. 
lipids extracted with chloroform-methanol 2: I .K and the extracts 
analyzed for total and free cholesterol. Free cholesterol was N- 
lated by digitonin precipitation,“ and cholesterol levels were estl- 
mated calorimetrically. “’ Liver triglyceride levels were deter- 
mined colorimetricallv. ” Aortas were removed. cleared of adher- 
ing tissue. and seveiity of atherosclerosl\ was graded v~$uall!, 
using a O-4 scale.” 

The purpose of the second experiment was to examme effects 
of a cholesterol-free regimen on pre-established atherosclerosis. 
Thirty rabbits were fed the atherogemc cellulose-containing diet 
and 10 were given the PRC-rich diet. After 2 months the rabbits 
were bled under light anesthesia. The 30 control rabbits wcrc 
segregated into three groups of IO havmg the same serum choles- 
terol level (762 2 8 mg/dL). One group of controls was necropaled 
as were the rabbits on the PRC diet. The two remaining groups of 
control rabbits were returned to a cholesterol-free regimen con- 
taining 24% casein, 20% cornstarch. 30.5% sucrose. 6% corn 011. 
4% mineral mix, I’% vitamin mix. 0.3% DL methionine. 0.2% 
choline bitartrate, and 14% of either cellulose or PRC. The sever- 
ity of atherosclerosis in the rabbits in the postcholesterol feedmg 
study was assumed to be equal to that observed in the Initially 
necropsied group. The rabbits were maintained on their respective 
diets for 3 months, at which time they were subject to the treat- 
ments and analyses described previously. Significance of diffcr- 
ences was determined by /-test. The protocol was approved bk the 
IUCAC of the Wistar Institute. 

Results and discussion 

The results of the first experiment are summarized in Tuhla 
2. Rabbits fed PRC has significantly lower levels of serum 
total cholesterol and significantly higher levels of high- 
density lipoprotein (HDL) cholesterol. Liver total choles- 
terol and triglyceride levels were 21 and 16% lower. re- 
spectively, in the PRC group. Severity of atherosclerosis in 

Table 2 Necropsy data in rabbits fed diets containing 14% cellu- 
lose or PRC’ (Experiment 1) 

Parameter Cellulose PRC P-c 

Number 
Weight gain (g) 
Liver weight (g) 
Relative liver weight (%I 
Serum (mmol/L) 

Total cholesterol 
CC) 

% HDL-C 
Tr glyceride 

Liver (mm01 100 ai 
Total cholesterol 

CC) 
% ester C 
Tr glycer des 

Atheroscleroslst 

Aortlc arch 
Thoractc aorta 

68 am 
18 + 140 527 2 137 
87 + 9 95 ? 9 

298 + 021 2 76 r 0.20 

1934+026 16.01 -t 111 
71211 100t07 

3 79 + 0 67 3 47 2 0 52 

7065 2 1086 56122672 
a5 -t 2 a3 t 2 

24 06 -t 0 79 20 22 + 1 58 

1 42 2 0 30 0 81 ? 0.28 
1 102022 0 69 2 0 23 

0.05 

0.02 
0.05 

‘Die! cornpositIon given in Tab/e 1 
+Vlsually graded O-4 scale 

the aortic arch and thoracic aortas of the PRC-fed rabbits 
were 43 and 377~ lower than in the controls. 

In the second study, total serum cholesterol was again 
significantly lower in the rabbits fed PRC (Table 3). Liver 
total cholesterol and triglycerides were both 10% lower in 
the PRC group. The severity of atherosclerosis in the aortic 
arch of the PRC-fed rabbits was significantly reduced. Se- 
verity of thoracic atherosclerosis was 56% higher in the 
control group. When we combine the results of the two 
studies in which we established atherosclerosis (Table 4) we 
find that PRC feeding significantly lowered serum choles- 
terol levels and reduced the severity of atherosclerosis. 

The results of the postcholesterol feeding study are de- 

Table 3 Necropsy data In rabbits fed diets containing 14% cellu- 
lose or PRC’ (Experiment 2) 

Parameter Cellulose PRC P< 

humber 
Weight gain (g) 
Liver welgbt (g) 
Relative liver weight (%) 
Serum (mmol:L) 

Total cholesterol 
iCj 

% HDL-C 
Trlglycerlae 

Liver (mm01 100 g) 

Total cholesterol 
CC) 

36 ester C 
Trlglycer’des 

Atherosclerosist 

Aortlc arch 
Thoraclc aorta 

lo:10 9/10 
256 2 105 432 2 175 

73 2 6 66 -t 4 
3 16 ? 0 17 269-cOlO 

1968 f 036 16 11 ? 1.19 
‘23219 151 t2.4 
2 24 ? 0 36 2 47 + 0 26 

62 32 lr 4 65 
78 2 1 

1897 2 305 

217~022 
1 00 ? 0 24 

55862414 
73 2 1 

17 17 2 169 

1 00 * 0 29 
0 44 k 0 33 

0.05 

0.02 

0 02 

0 01 

‘Diet composltlon given In Tab/e 1 
tVisually graded O-4 scale 
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Table 4 Necropsy data In rabbits fed diets contarnng 14% ce IU 
lose or PRC* combined experiments 1 and 2 

Data in Tab/e 5 must be compared with those obtained 
for the cellulose-fed group in the second study (Table 3). 
The data presented in Tab/e 5 were obtained in rabbits 
whose lipid and atherosclerosis parameters were assumed to 
resemble those found in the cellulose-fed rabbits at the end 
of the cholesterol-feeding period. 

Serum cholesterol levels fell by 33% in the rabbits fed 
cellulose (P < 0.001) and by 51% (P < 0.001) in those fed 
PRC. The percentage of HDL cholesterol was significantly 
lower in rabbits fed cellulose (by 74%, P < 0.001) or PRC 
(by 51%. P < 0.025). Triglyceride levels were not signif- 
icantly lower. Liver cholesterol levels were reduced signif- 
icantly in both the cellulose (P < 0.001) and PRC (P < 
0.001) groups as was the percentage of esterified choles- 
terol (cellulose, P < 0.001: PRC, P < 0.001). Liver tri- 
glyceride levels were reduced by 39% in rabbits fed cellu- 
lose (P < 0.05) and by 45% in those fed PRC (P < 0.02). 

The severity of atherosclerosis in the aortic arch of rab- 
btts fed cellulose during the postcholesterol feeding period 
rose by 45% (P < 0.05) whereas it was virtually unchanged 
( + 8%. not significant) in rabbits fed PRC. The severity of 
thoracic aorta atherosclerosis was increased by 13% in rab- 
bits fed cellulose and decreased by 2% in those fed PRC. 
The differences were not significant. 

True regression of plaques in rabbits is rare. In general 
the severity of lesions is increased after cessation of cho- 
lesterol feeding. Addition of unsaturated fat to the post- 
cholesterol regimen will reduce the exacerbation of lesions 
but will not cause regression.“-Is Gupta et al.19 found that 
if rabbits previously exposed to cholesterol are then main- 
tained on a cholesterol-free regimen for a sufficiently long 
time severity of atherosclerosis will regress to the level seen 
at the pomt when cholesterol feeding was suspended but no 
further. Thus after 8 weeks of an atherogenic diet, 17% of 
the aorttc surface was involved. At this point the rabbits 
were returned to a cholesterol-free regimen. After 10 weeks 
aortic involvement had risen to 58% of surface, and 10 
weeks later. when serum cholesterol levels returned to nor- 
mal. involvement was 18%. Vesselinovitch et al.” have 
shown that administration of a hypocholesterolemic drug 
and oxygen after cessation of cholesterol feeding leads to 
significant regression of lesions. In our hands hypocholes- 
terolemic drugs alone showed only a modest effect on pre- 
established lesions.‘3.‘5.‘6.‘x 

This study has shown that psyllium, in the form of ce- 
real. when fed to rabbits maintained on an atherogenic reg- 
imen can significantly lower serum cholesterol levels and 
significantly reduce the severity of atherosclerosis. Psyl- 
lium also inhibited the exacerbation of atherosclerosis when 
the atherogenic stimulus was removed. The 6.2% of fiber 
provided by a psyllium-rich cereal was effective when com- 
pared with a diet containing 14% cellulose. The ratio of 
msoluble to soluble fiber in PRC is 2.21 to 1.00. It would 
be of interest to test higher levels of pure fibers in this 
>ystem. 
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Parameter Cellulose PRC D. 

Number 
Werght garn (g) 
Liver weight (g) 
Relatrve liver 

(16:18) (17:18) 
168 + 87 478 i 110 

794258 786 2 51 
0 05 

311 2014 2 73 f 0 IO 0 05 weight (%) 
Serum (mmol:L) 

Cholesterol (0 
% HDL-C 
Triglycerides 

Liver (mmol:lOO g) 

Cholesterol (C) 
% ester 
Tnglycerrdes 

Atherosclerosrst 

Aort~c arch 
Thoracic aorta 

‘955cO26 ‘606 2 083 000’ 
104 z 141 ‘27 -i 143 
2 82 i 0 36 2 94 + 0 32 

6543 f 491 55 86 + 3 62 
80 t 1 77 2 2 

20 89 -c 2 03 1852 t 124 

1 87 z 0 20 09' to20 001 
103-co17 056 2 020 

‘Diet composrtlon given n Tab/e 7 

tVlsually graded, o-4 

tailed in Table 5. In both the cellulose and PRC groups 
serum cholesterol was significantly lower than that seen in 
the initial cellulose fed group (Table 3). Liver lipids were 
also reduced in both groups in the postcholesterol phase. 
and cholesterol levels of rabbits in the PRC group were 
significantly lower than those in the cellulose group. It is 
noteworthy that the percentage of esterified cholesterol in 
the livers of the PRC group was significantly below that of 
the cellulose controls. This difference suggests increased 
mobilization of cholesterol. 

Table 5 Influence of PRC or pre-establlshea atheroscie,oss r 
rabbrts”t 

Parameter Cellulose PRC D 

a 10 
524 + 138 
105 + 9 

Number 
Weight gain (g) 
Liver weight (g) 
Relative liver 

weight (%) 
Serum ltpids 

(mmol!L) 
Cholesterol (C) 
% HDL-C 
Trrglycerlde 

Lrver lipIds 
(mmoliTT)O 9) 
Cholesterol (C) 
% ester C 
Triglyceride 

Atherosclerosrs$ 

AorUc arch 
Thoracrc aorta 

349 2 025 3 63 z iJ 28 

13 16 t- 153 962 I ’ 71 
32206 70r.6 0 35 

1 49 i 0 28 ’ 94 z 027 

2379=7ai 1629 2 ’ 55 0 0’ 
56 2 3 44 + 4 0 05 

11 52 f 045 1089 r 034 

3 14 t 032 2 44 z 0 33 
113~028 098 = 0 18 

‘Diet. 24% caseln. 20% cornstarch 30 5% sucrose 6% corn 011 4% 
mineral mrx. 1% vitamrr mix 0 3% DL methlonrne 0 2% choline 
bitartrate; and 14% cellulose or PRC Fed for 3 months 
tSerum cholesterol levels and severity of atherosclerosrs a: the be 
gunning of this phase of the study are given In Table 3 
*Visually graded, G4 scale 
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