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Abstract

Introduction: The role of the fatty acid in the preven-
tion or progression of chronic diseases has generated 
significant interest on the part of researchers. Thus, our 
objective was to evaluate the long-term effects of high-fat 
diet containing soybean or canola oil on body develop-
ment and bone parameters of male rats. 

Methods: After weaning, rats were grouped and fed 
either a control diet (7S) or a high-fat diet containing 
soybean (19S) or canola oil (19C). Femur and lumbar 
vertebra (LV4) structure were determined at 180 days by 
dual-energy X-ray absorptiometry and computed tomo-
graphy. 

Results: The groups showed similar food intake, body 
mass and length development. The bone parameters of 
the 19C were similar to the control group, while the 19S 
showed lower bone parameters when compared to the 
other groups. 

Conclusions: The high-fat diet containing soybean oil 
was unfavorable to bone structure, while the canola oil 
contributed bone health during the adult stage of life.
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IMPACTO DE UNA DIETA ALTA EN GRASA QUE 
CONTIENE ACEITE DE CANOLA O ACEITE 

DE SOJA EN EL DESARROLLO DEL CUERPO 
Y LOS HUESOS; PARÁMETROS EN RATAS 

MACHO ADULTAS

Resumen

Introducción: El papel del ácido graso en la prevención 
o la progresión de las enfermedades crónicas ha genera-
do un interés significativo por parte de los investigadores. 
Por lo tanto, nuestro objetivo fue evaluar los efectos a 
largo plazo de la dieta alta en grasas que contienen soja o 
aceite de canola en los parámetros de desarrollo del cuer-
po y los huesos de ratas macho.

Métodos: Después del destete, las ratas se agruparon 
y se alimentaron con una dieta control (7S) o una dieta 
alta en grasa que contiene soja (19S) o aceite de canola 
(19C). Fémur y vértebras lumbares (LV4) estructura se 
determinaron a los 180 días por absorciometría dual de 
rayos X y tomografía computarizada.

Resultados: Los grupos mostraron similares ingesta de 
alimentos, la masa corporal y el desarrollo de longitud. 
Los parámetros óseos de la 19C fueron similares al grupo 
control, mientras que los 19S mostró parámetros óseos 
inferiores en comparación con los otros grupos.

Conclusiones: La dieta alta en grasas que contie-
ne aceite de soja fue desfavorable a la estructura ósea, 
mientras que el aceite de canola contribuyó salud de los 
huesos en la etapa adulta de la vida.

(Nutr Hosp. 2015;31:2147-2153)
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metría osea. La tomografía computarizada.
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Introduction 

Obesity is a multifactorial disorder that can be asso-
ciated to environmental factors, especially diet. Indivi-
duals fed a diet containing a high proportion of fat as 
calories tend to a positive fat balance and consequently 
to adipose mass accumulation1.The type of fatty acids 
plays a far pivotal role more effects in health and di-
sease than the absolute amount2. Dietary recommenda-
tions often advise to reduce saturated fatty acids (SFA) 
intake and maintain or increase the intake of polyunsa-
turated fatty acids (PUFA), such as linoleic (LA) and 
alpha linolenic fatty acid (ALA)3. Although the effect 
of fat diet in obesity has been studied, the role of fats 
on bone physiology has emerged as an interesting area 
of research4.

The identification of mechanisms linking skeletal 
and metabolic homeostasis, suggest that obesity and 
osteoporosis may be related disorders5. In this context, 
the ALA has received attention for its favorable role 
in regulation of bone metabolism. The LA was asso-
ciated with lower bone density. Thus, the fatty acids 
affect bone cells affecting bone formation, resorption 
and bone density6.

Canola oil, when compared to soybean oil, contains 
a very low level of SFA (7% vs. 15%) and LA (21% 
vs. 54%), and slightly higher levels of ALA (11% vs. 
8%). This oil represents less than 4% of fat intake in 

Brazilian populations, while soybean oil is the main 
energy source7,8. High-fat diets, over long-term fee-
ding regimes can affect the bone structure and bone 
health9. However, there are insufficient data regarding 
the bone structure after the intake of canola oil during 
the adult stage of life. The aim of this study was to 
evaluate the body development and bone structure of 
male rats fed a high-fat diet containing canola oil (vs. 
soybean oil), after weaning up to 180 days-old.

Materials and methods

The protocol of the use and handling of the experi-
mental animals was approved by the Ethical Commi-
ttee of the Biology Institute of the State University of 
Rio de Janeiro, based on the principles adopted and 
promulgated by Brazilian Law concerning the rearing 
and use of animals in teaching and research activities 
in Brazil10.

Wistar rats were kept in a room under a controlled 
temperature (23 ± 1ºC) and an artificial dark-light cy-
cle (lights on from 07·00 to 19·00 hours). Virgin fema-
le rats (three months old), after mating, was placed in 
an individual cage with free access to water and food. 

Within 24h of birth, excess pups were removed, 
such that only six male pups were kept per dam. This 
procedure has been shown to maximize lactation per-

Table I 
Composition of experimental diets

Ingredient (g/100g) 7S 19S 19C

Casein 20 20 20

Cornstarch 52·95 40·63 40·63

Sucrose 10 10 10

Soybean oil 7 19·32 ---

Canola oil --- --- 19·32

Fiber 5 5 5

AIN-93G Mineral Mix 3·5 3·5 3·5

AIN-93 Vitamin Mix 1 1 1

L-Cystine 0·3 0·3 0·3

Choline Bitartrate 0·25 0·25 0·25

Energy

Kcal/g 4·7 5·8 5·8

Protein (% of energy) 17 14 14

Carbohydrate (% of energy) 65 45 45

Fat (% of energy) 17 39 39
Formulated to meet the American Institute of Nutrition AIN-93G recommendations for rodent diets. 7S, control group fed a diet containing 
7 ml/ 100 g soybean oil; 19S and 19C, the experimental groups fed diets containing 19 ml/ 100 g soybean or canola oil, respectively. Casein; 
Mineral and Vitamin Mix; L-Cystine; Choline Bitartrate: Agroquímica®; Cornstarch: Cargill®; Fiber: Natural Pharma®; Soybean and Canola oil: 
Proquímios®; Commercial Sucrose: União®.
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Table II 
Body composition analyzed by DXA and intra-abdominal fat mass at 180 days

7S 19S 19S

Mean SEM Mean SEM Mean SEM

Total lean mass (g) 283·10 7·22 275·40 5·41 281·00 10·76

Total fat mass (g) 176·20 19·02 153·10 10·20 180·00 9·92

Trunk lean mass (g) 189·80 9·35 200·70 9·31 187·30 10·45

Trunk fat mass (g) 120·00 11·32 115·60 8·09 121·60 8·93

Body BMD (g/cm2) 0·157a 0·001 0·150a,b 0·002 0·162a,c 0·003

Body BMC (g) 12·88a 0·51 10·75b 0·39 13·85a 0·58

Body bone area (cm2) 81·67a 2·47 72·25b 2·49 85·25a 2·17

Retroperitoneal fat mass (g) 16·07a 2·87 7·65b 0·75 14·72a 1·81

Mesenteric fat mass (g) 6·51a 0·79 3·85b 0·54 7·23a 1·01

Epididymal fat mass (g) 8·79a 0·98 5·36b 0·67 8·62a 0·93

Intra-abdominal fat mass (g) 30·05 a 4·45 17·16b 1·63 28·35a 2·90

Post-weaning groups fed with control diet, containing 7 ml of soybean oil (7S, n=10) or experimental diets, containing 19 ml of soybean (19S, 
n=10) or canola oil (19C, n=10), until 180 days a,b,cMean values within a row dissimilar superscripts letters were significantly different (one-
way ANOVA; P < 0·05)

Fig. 1.—Body mass (a), length (b), 
food intake (c), lipid intake (d) and 
energy intake (e) postweaning until 
180 days. Control group, fed with diet 
containing 7 ml of soybean oil (7S, 
n=10) and experimental diets, contai-
ning 19 ml of soybean (19S, n=10) or 
canola oil (19C, n=10). a,bValues with 
different superscripts are significantly 
(p<0·0001) different (A and B, two-
way ANOVA. C, D and E, one-way 
ANOVA).
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formance. During the 21 days of lactation, the rat dams 
were continued on an ad libitum diet of standard labo-
ratory food (Nuvilab®, Paraná, Brazil).

Male Wistar rats were randomly chosen on postnatal 
day 21, to receive either a control diet containing 7 
ml of soybean oil (7S group; n=10) or a high-fat diet 
containing either 19 ml of soybean (19S group; n=10) 
or canola oil (19C group; n=10). The diets were ma-
nufactured once a week and stored as pellets at 4°C in 
agreement with American Institute of Nutrition (AIN-
93G) recommendations (Table I)11. All groups had free 
access to diet and water during the course of experi-
mental period. Body mass (g), length (cm, measured 
as the distance from tip of the nose to the tip of the 
tail) and food (g/day), lipid (g/day) and energy intake 
(Kcal/day) were evaluated weekly. 

The 180-days-old rats, after 8 h of fasting, were 
anesthetized with Avertin® (Tribromoethanol, 300 
mg/Kg) and subjected to dual-energy X-ray absorptio-
metry (DXA), using a Lunar DXA 200368 GE instru-
ment (Lunar, Wisconsin, USA) with specific software 
(encore 2008. Version 12.20 GE Healthcare). Total and 
trunk lean and fat mass, and bone analysis (bone mine-
ral density- BMD; bone mineral content - BMC; and 
bone area) were measured for each rat. 

Blood was collected by cardiac puncture after DXA 
procedures. Samples were centrifuged, and serum was 
stored at -20ºC for posterior analyze of calcium and 
phosphorus by colorimetric method (Bioclin, Belo Ho-
rizonte, MG, Brazil). Insulin (kit Linco Research, Inc., 
St Charles, MO, USA), leptin and osteocalcin were 
analyzed (kit Millipore, Billerica, MA, USA, respec-
tively) by RIA.

The intra-abdominal fat depots were dissected and 
weighed (g).

Right femur and lumbar vertebra (LV4) were co-
llected and cleaned of soft tissue and preserved in 
saline solution (0.9% of NaCl) until analyzed. Bone 
dimension: the distance between epiphysis and the 
medial point width of the diaphysis were measured 
using calipers with a readability of 0·01mm. Femur 

and LV4 were weighed (g). BMD and BMC in femur 
and LV4 were determined by DXA. After DXA, bo-
nes were analyzed by a single-scan computed tomo-
graphy (CT Helicoidally model HISPEED, GE®). The 
images of femur and LV4 were obtained through axial 
cuts of thickness of 1 mm. The radiodensity (expres-
sed as Hounsfield units, HU) of proximal epiphysis, 
distal epiphysis and lumbar vertebra were measured 
with a computerized analyzes software system (eFilm 
Lite, 2.0, 2003, Milwaukee, USA), by measurement 
Tool-Ellipse12.The regions of interest were the femoral 
head, distal epiphyseal plate and vertebral body.

Statistical analyses were performed using the Gra-
phPad Prism statistical package (version 5.0, 2007, 
San Diego, CA, USA). Body mass and length were 
analyzed using two-way ANOVA, followed by post 
hoc Bonferroni post-test. The remaining results were 
analyzed using one-way ANOVA followed by post 
hoc Newman-Keuls tests. All results are expressed as 
means ± SEM with significance level of 0.05. 

Results

The groups showed similar body mass, length, 
food and energy intake. The fat intake was increased 
(P<0·0001) in the 19S and 19C (Figure 1). 

In regard to body composition, the groups showed 
similar total, trunk lean and fat mass. The 19S showed 
lower body BMD (P<0·05, -7% vs. 19C), body BMC 
(P<0·05, -16% vs. 7S and -22% vs. 19C) and body 
bone area (P<0·05, -11% vs. 7S and -15% vs. 19C).
The group 19S showed lower (P<0·05) retroperito-
neal, mesenteric and epididymal fat mass compared 
to the 7S and 19C. The intra-abdominal fat mass was 
significantly lower in the 19S group (P<0·05, -42% vs. 
7S and -39% vs. 19C) (Table II).

Serum analyses showed calcium, phosphorus, in-
sulin, leptin and osteocalcin similar between groups 
(Table III).   

Table III 
Serum analyzed at 180 days

7S 19S 19S

Mean SEM Mean SEM Mean SEM

Calcium (mg/dL) 8·91 0·14 8·41 0·30 9·05 0·36

Phosphorus (mg/dL) 5·73 0·40 5·17 0·25 5·11 0·40

Insulin (µUI/mL) 44·19 4·66 49·14 4·84 42·70 2·47

Leptin (ng/mL) 6·71 1·97 4·22 1·15 6·53 1·39

Osteocalcin (ng/mL) 21·64 2·10 24·96 1·26 24·36 2·01
Post-weaning groups fed with control diet, containing 7 ml of soybean oil (7S, n=10) or experimental diets, containing 19 ml of soybean (19S, 
n=10) or canola oil (19C, n=10), until 180 days.
Values are means (one-way ANOVA) 
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Bone measures showed no differences to the femur, 
LV4 mass, distance between epiphysis and width of 
diaphysis between the groups. However, the femur 
analyses showed lower (P<0·05) femur BMD, BMC, 
and radiodensity of proximal and distal epiphysis in 
the 19S group compared to the 7S and 19C groups. 
The lumbar vertebra (LV4) analyses showed lower 
(P<0·05) BMD, BMC and radiodensity of vertebral 
body in the 19S compared to the other groups. The 
DXA and CT results did not differ between the control 
and the 19C groups (Table IV).  

Discussion

Our results showed that a 19% canola oil diet was 
associated with maintaining the femur and LV4 para-
meters. However, the 19% soybean oil diet was unfa-
vorable to bone parameters. The fat type was decisive 
for the outcomes observed in this experimental model. 

Subsequent rodent models have validated the use of 
the high-fat diet to study the pathogenesis of the me-
tabolic syndrome13. However, the groups treated with 
19% of soybean or canola oil diet did not show con-
sistent results in regard to obesity development. The 
reason for this discrepancy may be due to the composi-
tion of the fat diet. The study used a fat diet providing 
39% energy as fat, while other experimental models 
have employed diets containing an average of 50 to 
60%14,15. Jang16 related that rats treated with a diet 
containing 32% energy as fat showed body develop-
ment not characteristic to models of obesity. Although 

Table IV 
Femur and lumbar vertebra (LV4) analyzed by DXA and CT at 180 days

7S 19S 19S

Mean SEM Mean SEM Mean SEM

Femur mass (g) 1·32 0·10 1·33 0·01 1·33 0·04
Distance between  
epiphysis (mm) 40·27 0·26 39·98 0·31 39·63 0·36

Width of the diaphysis (mm) 5·14 0·20 4·90 0·07 4·87 0·16

Femur BMD (g/cm2) 0·20a 0·01 0·18b 0·01 0·20a 0·01

Femur BMC (g) 0·61a 0·01 0·55b 0·01 0·60a 0·01

Proximal epiphysis (Hu) 1547a 49·87 1376b 58·45 1620a 51·26

Distal epiphysis (Hu) 1290 a 35·34 1078b 70·00 1382a 90·85

LV4 mass (g) 0·53 0·02 0·49 0·02 0·49 0·01

LV4 BMD (g/cm2) 0·18a 0·01 0·16b 0·01 0·17a 0·01

LV4 BMC (g) 0·20a 0·01 0·15b 0·01 0·20a 0·01

Vertebral body (Hu) 1085a 49·23 866b 79·76 1171a 69·89
Post-weaning groups fed with control diet, containing 7 ml of soybean oil (7S, n=10) or experimental diets, containing 19 ml of soybean (19S, 
n=10) or canola oil (19C, n=10), until 180 days a,bMean values within a row dissimilar superscripts letters were significantly different (one-way 
ANOVA; P < 0·05)

diets containing 19% of soybean or canola oil did not 
affect body weight, the fatty acid composition as well 
as amount of vegetable oil was a relevant factor to the 
intra-abdominal adiposity and bone parameters.

Genetic and environmental factors, such as fat diet 
composition, are crucial for the quantity and distri-
bution of white adipose tissue in mammals16,17. The 
19S and 19C showed higher fat intake, however, the 
intake of diet containing 19% soybean oil resulted in 
lower intra-abdominal fat depots. These results are 
surprising because LA is associated with adipogenesis 
and increasing expression of lipogenic genes. Mean-
time, ALA is common in soybean and canola oil8,18. 
Raclot and Groscolas19 observed that diets containing 
high concentration of ALA limit post-intake fat sto-
rage and adipocytes hypertrophy. ALA is elongated 
and desaturated to eicosapentanoic acid and further to 
decosahexanoic acid, however the efficiency of this 
conversion has been debated18. Casey20 and Gibson21 
related that oleic acid (OA) has potential substrates 
for desaturase that can compete with ALA for binding. 
The increased concentration of these alternate subs-
trates can subsequently reduce ALA conversion even 
further. Soybean oil compared to canola oil contains a 
low concentration of OA (23% vs. 61%, respectively). 
Thus, these pathways help to explain the lower in-
tra-abdominal fat mass observed in the group fed diet 
containing 19% soybean oil.  

Although the effect of fat distribution on BMD is far 
from clear22, the lower loads imposed by intra-abdomi-
nal fat mass, in group fed with a diet containing 19% 
soybean oil, could be related to verified lower bone 
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parameters. Furthermore, by indirect action, the adi-
pose tissue influences the bone structure through the 
production of adipokines, such as leptin23. Despite the 
limited clinical evidence24, experimental models rela-
te leptin administration improved bone formation and 
BMD25. In the present study, the lower intra-abdomi-
nal fat mass and serum concentration of leptin (-22% 
vs. 7S and -19% vs. 19C) may be associated with the 
bone parameters observed in the 19S group. 

Life-style factor, such as composition of diets, are 
also important determinants to bone health26,27. LA is 
associated with extended osteoclast lifespan by throu-
gh the inhibition of apoptosis, possibly leading to 
enhanced bone resorption6,28. However, the diets con-
taining high levels of ALA are associated with lower 
maturation of the osteoclast. In regard to osteoblasts, 
such diets preserve bone mass increasing expression 
of key transcription factors that enhance differentia-
tion of pre-osteoblasts into mature osteoblasts6,29. In 
the present study, the amount of ALA is very close in 
the experimental diets, while there is the higher con-
centration of LA in the 19% soybean oil diet. The 7% 
soybean oil diet contains the amount of LA recommen-
ded for growing rats11. However, the 19% soybean oil 
was unfavorable to bone structure. Its oil is the main 
source of lipid energy in Brazil7. Thus, the excessive 
consumption of this oil requires caution.  

DXA has been used in studies of the whole body and 
regional bone in rats30,31. We verified that 19% soybean 
diet induced lower femur and LV4 BMD and BMC. 
On the other hand, there are regional differences in the 
mineral density in trabecular and cortical site that de-
termine the modelling and the remodelling of bone32. 
The 19% soybean oil diet promotes a similar trend in 
bone structure, with low radiodensity of femoral head, 
distal epiphyseal plate and vertebral body regions. 
These analyses indicate the use of CT as a method for 
measuring differentiation between regional bone com-
partments of femur and lumbar vertebra, which is not 
possible for DXA technique in experimental models. 
Although CT has a greater diagnostic sensitivity than 
DXA12, both techniques showed compatible data in the 
present study.

In summary, the amount and source of fat in the diet 
have differential effects on bone health. Moreover, 
lower concentrations of linoleic acid, present in canola 
oil seem to contribute to maintain bone health during 
the adult stage of life.
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