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ABSTRACT

The present work aimed & finding a dietetical model capable of promoting the highest hyperchdesterolema
withou affecting the development of the rats. Sixty female Fisher rats were divided into five groups. The first one
was fed a control diet; the remaining four were fed hyperchoesterolemic diets with cholesterol and dfferent
contents of soybean dl, starch, casein, micronutrients and fiber and, consequently, different caloric values. After
eight weels animals were evaluated in relation to growth, fecal excretion, liver weight and fat, cholesterol and its
fractions, serum biochemical parameters and sistolic presaure and compared with controls. The best result was
obtained with the diet containing 25 % soybean oil, 1.0 % chdesterol, 13 % fiber and 4,538.4 Kcal/Kg, since it
promoted an increase in LDL-cholesterol, a deaease in the HDL fraction and dfected lessthe hepatic function o
theanimals.
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humans. Consequently, it has been tried to
provoke hyperlipidemy in laboratory animals, in

INTRODUCTION

Hypercholesterolemiais a problem faced by many
socigties and is a cause of concern for health
profesgonals, since it constitutes one of the major
risk factors for the development of cardiovascular
diseases, such as aherosclerosis and its
complications, acute infarctation d the
myocardium or hypertension (Gerhardt and Gallo
1998 Raobhins 1991 Gomes e al. 1998). In
addiction, there is a close corrdation between
these diseases and lipid abnarmalities, especially
high level of plasma cholesterol, and blood
presaure (Mahan and Scott-Stump 1998)

The continuous ingestion o high amounts of fat
seams to be directly related to hyperlipidemy in
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order to understand better the relationship between
disorders in  cholesterol  metabdism and
atherogenesis and to test possble treatments for
the reduction d circulating cholesterol leve. A
great number of animal models, such pigeons,
chickens, swine, cats, dogs, non-human primates,
mice, rabbits and rats, have been tested
(Moghadasian et al. 2001, Moghadasian 2002.

For inducing hypercholesterolemia in rats
triglycerides-rich diets containing cholesterol, with
or without cholic acid have been used (Lichtman
e a, 1999; the levd of choesterol varies
substantially as well. The fat sources vary from
lard to soybean, canola or sunflower ails.
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Commercial rations suppemented with chaesterol
have also been used (Beynem et al. 1986 Doucet
et al. 1987. In aur laboratory we have produced
hypercholesterolemic rats by treating them with
diets rich in triglycerides and suppemented with
chdesteral (Silva et al. 2000a; Silva & al. 2000k
Silva @ al. 200@; Silva & a. 200a).
Nevertheless the question o the caloric value of
the employed dets has nat yet been considered
properly since their high fat content, which is the
strategy  used in order to  induce
hypercholesterolemia, leads to lower ingestion by
the animals and induces mal nutrition.

In the present work, we aimed at establishing
dietetical models that induce hypercholesterolemia
in rats, using diets rich in soybean oil and
containing cholesterol altering the proportion
between this and dher nutrients - protein, starch
and fiber - in oder to define a digt capable of
promoting the highest hyperchoesterolemia
without affecting the development of the animals.
The dietetical models proposed were evaluated
through parameters related to lipid metabalism,
that is, triglycerides, chdesterol and its fractions,
and hepatic and abdominal fat. We also verified
the dfed of the different diets on the nutritional
status of the animals, through body and liver
weights and biochemical parameters auch as
transaminases, urea, and glucose, which gave us

Table 1 - Composition of the diets (g/1000g of diet)

information about the hepatic function of the rats
and about their general status. Posshble alterations
in sistolic blood presure, as a mnsequence of the
dietetical models, were also investigated.

MATERIALS AND METHODS

Animals and experimental design

The &periment was conducted on 60 female
Fischer rats weighing approximately 1503. The
animals were divided into five groups: Control (C)
was fed a standard diet; the remaining four
received hyperchdesterolemic diets (Table 1). The
rats were maintained in individual cages, under
controlled temperature, humidity and il lumination
condtions, with water and det ad li bitum for eight
weeks. Diet ingestion and body weight were
recorded weekly. The main characteristics of the
experimental diets can be summarized as foll ows:
Hyper |, a high caloric value due to its high oil
content; Hyper 1, alower caloric value due to its
fiber content; Hyper Ill, high contents of protein
and micronutrients; Hyper 1V, high oil content but
caloric value similar to the control, due to its high
fiber content.

Contral Hyper | Hyper Il Hyper llI Hyper IV

Casein 120 120 120 240 120
Corn starch 7296 5496 4296 2996 3421
Soybean ail 80 250 250 250 250
Cholesteral 0 10 10 10 10
Cdline 0,4 04 04 04 04
Salt mixture™ 50 50 50 100 50
Vitamin mixture® 10 10 10 20 10
Cdlulose 10 10 130 80 21p
Total calories (Kcal) 41184 50184 45384 44984 41884

(1) Composition (g/Kg o mixture): NaCl - 139.3 / KI - 0.79 / MgS0,.7H20 - 57.3 / CaCO; - 381.4 /| MnSO,4 HO - 4.01 /
FeS0,.7H20 - 27.0 / ZnS0,.7H20 - 0.548 / CuS0,.5H20 - 0.477 / CoCl,.6H20 - 0.023 / KH,PO, - 389.0. (2) Composition
(g/Kg o mixture): Retinol acetate - 2,000,0001U / Cholecdciferol - 200,0001U / P-aminobenzoic acid - 10.00/ I-Inosital - 10.00
/ Niacin - 4.00/ Calcium pantotenate - 4.00/ Riboflavin - 0.80/ Tiamine HCL - 0.50/ Piridoxine HCL - 0.50 / Folic acid- 0.20/
Biotin - 0.04/ Vitamin By, - 0.003/ Choline - 200.0 / a-Tocopheral - 10,000U/ Sucrose gsp 1000

Blood collection and fat measurement

At the end of eight weeks, the animals were
sacrificed and blood was colleded through the
brachial plexus and centrifuged. Abdominal fat
was determined as follows: after opening the
peritonium and removing the viscera, abdominal

Biochemical determinations

Triglycerides and cholesterol were measured with
enzymatic Trinder kits (Labtest, Belo Horizonte,
MG, Brazil). HDL-cholesterol was determined
after precipitation of VLDL and LDL with
phosphotungstenic acid and magnesium chloride.

fat was carefully disseaed and weighed. The VLDL- and LDL-cholesteral concentrations
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were calculated from the Friedewald equation:
LDL-Cholesterol = Total cholesterol - (HDL-
chdesterol + VLDL-chdesterol), and VLDL-
chaesterol = Triglycerides/5, according to the
manufacturer’s instructions). Urea, transaminases,
total protein and plasma dbumin were determined
spectrophotometrically also using commercial kits.
(Labtest, Belo Horizonte, MG, Brazil).

Fecal Lipids

Feces were colleded daily during 10 days. After
collection, the material was dried and stored for
further analysis. Total lipids were determined
following the methodology proposed by AOAC
(A.O.A.C. 1990. The previously dried and
pulverized feces were placed in the filter paper
cartridges and the lipid fraction was extracted with
peroleum ether for six hours in a Soxhlet

apparatus.

Liver lipids

Livers were perfused with 0.9% saline solution,
removed from the carcasses and then frozen. Total
lipids were analyzed following the methodology
proposed by AOAC (A.O.A.C. 1990. About 1g of
liver was ground in a porcdain mortar, using 12 g
of clean sterilized sand, and then dried. All of the
resulting powder was placed in a cdlulose
cartridge and the lipids were etracted with
peroleum ether for six hours in a Soxhlet

apparatus.

Determination of systolic pressure

Systolic blood presaure was measured in conscious
restrained rats with a phaoeledric sensor and a
tail-cuff sphygmomanometer, using the Kent
RTBP2000 series Rat Tail System (Kent Scientific
Corporation 457 Bantam Road. Litchfidd, CT) as
described by Narce @ al. (1997. Thirty minutes
before the measurements, the rats were placed into
a preheated restrainer, with the tail exposed. The
tail cuff was pushed up to the base of the tail and
fit closely but fredy on the tail and the pulse
sensor was placed just behind the tail cuff. The
cuff was then inflated and deflated automatically
during periods of 90 seconds for 30 minutes. The
presaure in the occlusion cuff and the pulse signal
were monitored and recorded in a PowerLab/400
(software Chart for Windows®) system. The
initiation d the pulse signals, after the inflation
peaks, was corrdlated with the presaures in the
occlusion cuff to dbtain the mean systolic blood

presaure readings for each animal.

Statistical analysis

Datawere expressed as mean * standard deviation.
In ader to compare the groups, anaysis of
variance (ANOVA) was used. P < 0.05 values
were considered to be statistically significant

RESULT S

Body weight, food efficiency, liver weight and
abdominal and liver fat of therats (table 2)

Initial body weight of the animals was smilar for
all groups. After eight weeks of treatment only
group Hyper | showed significantly lower body
weight in reation to control and the other
hypercholesterolemic ones. Food efficiency of
groups control and Hyper | was atisticaly similar
but the other hypercholesterolemic showed lower
values as compared to the controls. Abdaminal fat
was higher in group Hyper | in relation to controls
andto Hyper IV. When this parameter was divided
by body weght no satistically significant
difference was observed. When liver weight was
considered, all experimental groups $howed higher
values as compared to controls. The ratio liver
weight/body weight confirmed the differences
found in liver weight alone. For liver fat content,
animals in goups Hyper II, Ill and IV showed
higher values than the controls, while the values
for group Hyper | were similar to those of hyper
IV and control ones. But when fat/liver was
considered it was observed that groups Hyper I
and lll had higher values than the others and
Hyper | and control were similar. It seemed that
theincreasein liver size in group Hyper | was due
to factors other than fat deposit. Groups Hyper I
(13% cdlulose), Hyper Il (8% cdlulose) and
Hyper IV (21.75% cdlulose) had a significant
increase in feces amount as compared to control
and Hyper | (1% cdlulose). In relation to fecal fat
group Hyper | showed the highest value while all
other groups had statistically similar values. All
the groups receiving hyperchdesterolemic diets
showed a significant increase in fat in total feces
as compared to contral.
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Table 2 - Body weight, foad efficiency, abdominal fat, liver and feces weight and fat, of rats fed control and
hypercholesterolemic diets for eight weeks(1,2)

Contral Hyper | Hyper Il Hyper llI Hyper IV
15875+ 7.9 14379+ 1591* 15031+ 11.97° 16762+ 17.73 15045+ 15.64°
20403+9.67 16926+ 10.11° 19283+ 11.12 20753+ 1263 19542+ 9.24

Initial weight (g)
Final weight ()

Food Intake (g) 18239+ 64.13 25820+118.24*° 3855+ 1367 30468+4858° 35322+ 88.88°°
Food Efficiency(3) 3652+ 7.30° 2947+147%° 2154+438° 2013+502°° 17.68+8.48°
Abdominal fat (g) 744+201*  1035+225° 840+224*"  842+387" 6.62+ 1.27°
(Fat / body weight) x 100  3.68+0.91%°  4.64+101* 381+081°  3.71+1.65 3.14+0.61°
Liver weight (g) 8.47+052  1035+1.00° 1228+1.33°¢ 1372+1.39° 11.79+1.68°¢
(Liver weight / body a b b b b
weight) x 100 3.31+0.15 5.15 + 0.47 5.49 + 0.28 6.06 + 0.72 5.84 + 0.47
L(;ﬁ\fgt) 070£0.18"  3.22+256"° 624226  596+128 448+ 107
Liver fat (%) 10.88+3.03° 24.61+1928" 5198+204F 4383+888"° 36.46+5.32°°
Feces (gin 10 days) 350+ 138  7.29+0.70° 2259+349° 2991+966°° 3231+7.70°
Fecal fat (%) 7.25+300° 11.89+322° 583+102° 4.05+072 = 533+149°
Fec fat in 10 days (q) 0.23+0.08 086+0.22°  131+0.23°° 125+ 0.56°° 175+ 0.67°

(1) Védues are shown as average + standard deviation (n=12). (2) Different superscript letters in the same line indicae

statistically significant difference for P < 0.05 (ANOVA). (3) Foad Efficiency = weight gain (g)/foad intake(g) x 100

Total cholesterol, HDL-, LDL- and VLDL-c and
triglycerides (Table 3)

Serum levels of chdesterol increased in al the
experimental groups, and Hyper 1ll presented a
significant increase in relation to group Hyper .
With the exception o group Hyper 1V (high fiber),
al hypercholesterolemic groups dowed a
significant reduction in HDL-chdesterol as

Table 3 -Tota Cholesteral,
hypercholesterolemic diets for eight weeks (1,2).

compared to control. Regarding LDL-c plasma
levels, higher values were observed for all Hyper
groups in relation to the cortrol one, although no
difference was found among each aher. No
difference was also found beween al groups
when VLDL-c and triglycerides were investigated.

HDL-c, LDL-c and VLDL-c and triglyceiides of rats fed control and

Contral Hyper | Hyper Il Hyper llI Hyper IV
Cholesterol 9283+ 1066° 17398+26.01° 20430+31.79°¢ 23673+72.84 19318+38.67°°
HDL-c 3901 + 3.78° 1855+ 3.81° 2165+ 4.70° 2376 +8.35° 3901+ 17.7¢°
LDL-c 3504+ 1364 14309+26.73F 17267+29.80° 19487+70.85° 14079+ 36.85°
VLDL-c 1878 + 7.54° 12.34 + 4.45° 0.98+3.22 1810 + 9.89° 1337+ 252
Triglycerides 9389+ 3769  6168+2223  4991+1608  9049+4947  66.85+ 1262

(1) Vaues are shown as average + standard deviation (n=12). (2) Different superscript letters in the same line indicae

statistically significant difference for P < 0,05 (ANOVA)

Serum levels of total proteins, albumin, creatinin,
glucose, urea and oxalacetic (AST) and piruvic
(ALT) transaminases (Table 4)

There was no difference among all the groups in
relation to serum levels of albumin and glucose
while total proteins were significantly (P< 005
lower in goup Hyper |. Serum urea presented a
significant reduction in goups Hyper | and Il in
relation to control animals.

When transaminases were investigated, ALT
activitiy augmented in all experimental groups; for
AST, only group Hyper Ill had higher values, as

compared to the control.

Sistolic pressure

Eight weeks after the start of the dietetic treatment,
the sistalic presaure of the animals was measured.
There were no statistically significant differences
among the groups Hyper | (117.63£19.65mmHg),
Hyper I (12636+9.83mmHg), Hyper |l
(12583+14.87mmHg) and Hyper v
(12513+9.07mmHg) as compared to control
(130.64+19.65).
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Table 4 - Total proteins, abumin, glucose, urea, and aspartate (AST) and aanine (ALT) transaminases of rats fed

control and hyperchol esterolemic diets for eight weeks*?..

Contral Hyper | Hyper Il Hyper llI Hyper IV
Total proteins (mg/dL) 7.36£0.43F 6.36+0.91 7.18+0.63 7.26+0.3F 7.03:0.43F
Albumin (mg/dL) 357+0.42 3.34+0.14° 3.27+0.44° 3.28+0.4C0° 3.21+0.38
Glucose (mg/dL) 8855+ 29.22 84.89+3L.7%F 7955+ 1619 9642+ 13.73 86.63+ 22.00°
Urea(mg/dL) 3958+4.9F  27.16+:659°  3041+7.04° 3867+574°  3222+44.96°°
ALT (U/L) 17.08+ 448  4500+1370° 6525+29.80° 94.33+3569° 67.67+37.82°
AST (U/L) 10108+11.16* 13575+3372*° 13092+2158*° 14242+37.40° 13583+34.32°

(1) Vaues are shown as average + standard deviation (n=12). (2) Different superscript letters in the same line indicae

statistically significant difference for P < 0,05 (ANOVA).

DISCUSSON

Various models are found in the literature for the
study o hyperchdesterolemia in rats, which vary
from commercial rations supdemented with 1%
chdesterol to dets with variations in the lipid and
carbohydrate portions, such as different fat sources
and contents, containing a not chdic acid, and
partial substitution d sucrosefor starch. Joris et al.
(1983 considered the rats as hypo-responsive to
dietary chdesterol, sustaining that cholic acid be
used in aoder to induce hyperlipidemia and
atherosclerosis in this ecies. Nevertheess
evidence has recently been presented which do na
recommend the utilization of this aubstance in
hypercholesterolemic models in rats (Lichtman et
al. 1999. In addtion, the question o the caloric
value of the dig has nat yet been considered
properly. We observed hat a high caloric value of
the diet led to its lower ingestion by  the animals;
consequently there would be a lower ingestion o
other nutrients too and that would induce
mal nutrition. Scientific evidence indicates that this
occurs because the rat, to a artain extent, ingests
the diet driven by its caloric content. For instance,
when the diet is diluted with fiber, the rat increases
its ingestion in arder to compensate up to 50%
dilution (Menaker and Navia 1973.

Due to the above mentioned, dietetical models of
hypercholesterolemy were planned, based on the
increase  of triglycerides and cholesterol
suppementation. The first one (Hyper 1) had
increased oil content in relation to the control and
contained cholesterol, what determined a higher
caloric value (5,018 and 4,118 Kcal, respectively).
In the second (Hyper 11), fat content was equal to
the first one, but a partial subgtitution of fiber for
starch made its caloric value drop to 4,3584 Kcal.
The third one (Hyper IlIl) had a caloric value
similar to Hyper IlI, but casein, mineral and
vitamin contents were doubled and fiber was

included at 8%. The fourth modd (Hyper 1V) had
as its major characteristic the increase in fiber
content (21.75%), in arder to dbtain a diet with
25% fat and 1% cholesterol, but with a caloric
value (4,1884Kcal) as close as possble to that of
the control group (4,118 Kcal). It should be
stresed that this model, due to its high fiber
content, if used in long term experiments could
alter the absorption o some nutrients.

When foad intake was measured (Table 2) it was
found that groups Hyper II, Il and IV showed
higher values as compared to the controls, despite
food efficiency being lower, what could be
explained by their higher feal excretion. This
effed might be attributed to the higher fiber
content of these diets, since groups Hyper | and
Cortrol had similar food efficiencies, possibly due
to their similar cdlulose contents (Gregorio & al.
200)). Abdaminal fat was augmented in group
Hyper | but nat in groups Hyper II, Il and 1V, and
this effect could be related to the fact that their
food efficiency was smilar to that of the control
animals.

In relation to liver weight, there was a significant
increase for all the hypercholesterolemic groups as
compared to controls and the results were
confirmed when this parameter was taken in
relation to body weight, what could be a
consequence of their higher fat content (fat/liver).
Feces excretion showed that groups Hyper II, 1lI
and |V had higher values in relation to control and
Hyper |, an effect that might be attributed to the
cdlulose content of their digts (130, 8.0 and
21.75% respedively). Another important observed
effed was the significant increase in fecal fat
content of groups Hyper in relation to control. This
was especidly interesting as there was no
significant difference between the amount of feces
excreted by Hyper | and control animals, and the
total amount of fat excreted in feces in 10 days by
those was sgnificantly higher. This suggested that
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theincreasein fecal fat was more influenced by fat
content of the diet than by its fiber (celulose)
content.

Table 3 showed a significant increase in serum
chdesterol in hyperchoesterolemic groups and a
significant reduction of its HDL fraction, what was
expeded. HDL-chdesteral in group Hyper IV was
similar to that of the control group. This occurred
due to the fiber content of this experimental diet
(21.75%) (Gregorio et al. 2001).

LDL-cholesterol augmented in all Hyper groups
but no difference was found in relation to
triglycerides and VLDL-cholesterol, as compared
to control animals. This apparently unexpected
result could be e&plained by the activity of
lipoprotein lipase. Tebib et al (1994 found the
activity of this enzime to be augmented in
hypercholesterolemic animals. Lipase transforms
VLDL in LDL-cholesterol, what would lead to a
deaease in the serum concentration o the first. On
the other hand the uptake of LDL-chdesteral is
dependent on receptors in plasmatic membrane
and these are in a reduced rumber when the cell
has enough chdesterol (Berg & al. 2002). This
may have happened in hepatic cdls of the animal
fed chdesterol-supplemented diets, justifying their
higher LDL-chalesterol concentration.

Besides those diredly linked to lipid metabolism
we have aso asssed aher biochemical
parameters, aiming at having a picture of the
hepatic function d the animals dnce the liver is
the major responsible for maintenance of
homeostasis reated to lipid metabolism. Table 4
showed that serum albumin and glucose were
similar in control and experimental animals but
those of group Hyper | had a significant deaease
in total proteins. This finding corroborated that of
final body weight, which showed the same profile
and indicated that the high caloric value of the diet
might have impaired the absorption o protein and
other nutrients. This could be also evidenced when
serum urea was measused and found lower in
group Hyper 1l as compared to controls. It is well
established (Woo and Henry 1996 that a lower
ingestion of protein leads to a lower urea
production since aminoadds will preferably be
utilized for protein synthesis and not degraded.

In relation to transaminase activity, we found ALT
to be augmented in all the Hyper groups, while
AST was higher only in goup Hyper Ill. It was
important to note that the increase of ALT in this
group was the most marked amongst experimental
ones. This effect could be related to rutrient

overcharge, since in this group det casein,
minerals and vitamins contents were doubled.
Nevertheless approximatdy 80% of AST in
hepatocytes appear to be located in mitochordria,
whereas ALT is thought to be predominantly
nommitochondrial and it has been postulated that
in “mild” hepatocelular injury, when the
hepatocytes plasmatic but not the mitochondrial
membrane is damaged, cytoplasmatic AST and
ALT are rdeased into serum with more severe
hepatocdlular injury, mitochondrial membrane
damage may result in the rdease of mitochondrial
AST, devanting the AST/ALT ratio (Pincus and
Schaffner 1996.

In the present work no reduction o sistolic
presaire in the animals receiving
hypercholesterolemic diets after eight weeks was
observed. This indicated that dietetic cholesterol
had noinfluence on blood presaire.

As the increase and reduction of respectively LDL
and HDL -chdlesterol have been pointed aut asrisk
factors for the development of atherosclerosis and
related cardiovascular diseases, the higher the ratio
LDL/HDL promoted by a dietetical moddl, the
better it must be considered. Based on this
principle, diets Hyper I, Il and II11 should be more
indicated than det Hyper 1V. Nevertheless when
other parameters were considered, diets Hyper |
and lll were not be the best options, for different
reasons: the first one because it led to malnutrition
and the second for having impaired hepatic
function, as assssed by transaminases activity.
Consequently, it was concluded that the best diet
proposed in the present work was Hyper Il since it
promoted an increase in LDL-chdesterol, a
deaease in the HDL fraction and affected lessthe
hepatic function d the animals.

RESUMO

Modelos animais tém sido usados para investigar a
rdacdo entre desordens no metabolismo do
colesterol e a aterogénese. A estratégia utilizada a
fim de induzir hipercolesterolemia (dietas com alto
teor de gordura e com colesterol adicionado) leva
a reducdo de sua ingestéo pelos animais, 0 que
induz desnutricdo. O presente trabalho dbjetivou
encontrar um modelo dietético capaz de promover
a maior hipercolesterolemia, sem afdar o
desenvalvimento dos animais. Sessenta ratas
Fisher foram divididas em cinco gupos. O
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primeiro foi alimentado com uma dieta controle
0S quatros restantes receberam  didtas
hipercolesterolémicas, com colesterol e diferentes
teores de Oleo de soja, amido, caseina,
micronutrientes e fibra e conseglentemente,
diferentes valores caldricos. Apés oito semanas 0s
animais foram avaliados em relagdo ao
crescimento, excrecdo fecal, peso eteor de gordura
do figado, colesterol e suas fragbes, paréametros
bioquimicos <ricos e pressio sistélica Os
melhores resultados foram obtidos com a digta
contendo 25% de 6leo de soja, 1% de colesteroal,
13% de fibra e 4.538,4 Kcal/Kg, uma vez que
promoveu aumento no LDL-colesterol, deaéscimo
no HDL-colesterol e afetou menos a funcgéo
hepatica dos animais.
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