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Abstract
Aim: This study aimed to verify the correlation between murine measurements and retroperitoneal adipose tissue in 
rats exposed to the high-fat diet. Material and methods: Wistar male adult rats, descendants of mothers who consumed 
a high-fat diet during pregnancy and lactation and fed the same diet after weaning were used. At 60 days of life, body 
weight, longitudinal axis and waist circumference (WC) were measured. The Body Mass Index (BMI) and the Lee Index 
were calculated for a posterior analysis of the correlation with the amount of retroperitoneal adipose tissue dissected 
on the same day. For analysis of the data, the Pearson correlation test was used, considering statistical significance for 
p <0.05. Results: Body weight had a weak correlation (r= 0.31; p= 0.38) with retroperitoneal adipose tissue. While 
the longitudinal correlated moderately and negative (r= -0.40; p= 0.25). Abdominal circumference (r= 0.62; p= 0.05), 
body mass index (r= 0.61; p= 0.03) and Lee (r= 0.69; p= 0.03) correlated moderately and positively with adipose 
tissue. Conclusion: Among the measured murine measurements, weight and longitudinal axis were not good indicators 
to represent accumulation of retroperitoneal adipose tissue in rats. However, Lee’s index seems to be the best murine 
marker to diagnose the accumulation of retroperitoneal fat. BMI, CA and Lee index were murine parameters with 
higher correlation.
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Medidas murinométricas e tecido adiposo retroperitoneal em ratos jovens 
expostos à dieta hiperlipídica: existe correlação?

Resumo
Objetivo: Este estudo teve como objetivo verificar a correlação entre medidas murinométricas e tecido adiposo 
retroperitoneal em ratos expostos à dieta hiperlipídica. Material e métodos: Foram utilizados ratos Wistar machos adultos, 
descendentes de mães que consumiram dieta hiperlipídica durante a gestação e lactação e alimentados com a mesma 
dieta após o desmame. Aos 60 dias de vida, foram medidos o peso corporal, o eixo longitudinal e a circunferência da 
cintura (CC). O Índice de Massa Corporal (IMC) e o Índice de Lee foram calculados para posterior análise da correlação 
com a quantidade de tecido adiposo retroperitoneal dissecado no mesmo dia. Para análise dos dados, utilizou‑se o teste 
de correlação de Pearson, considerando significância estatística para p <0.05. Resultados: O peso corporal apresentou 
uma correlação fraca (r= 0,31; p= 0,38) com o tecido adiposo retroperitoneal. Enquanto o longitudinal correlacionou 
moderadamente e negativo (r= -0,40; p= 0,25). A circunferência abdominal (r = 0,62; p = 0,05), índice de massa 
corporal (r= 0,61; p= 0,03) e Lee (r= 0,69; p= 0,03) correlacionaram-se moderada e positivamente com o tecido 
adiposo. Conclusão: Entre as medidas murinométricas, o peso e o eixo longitudinal não foram bons indicadores para 
representar o acúmulo de tecido adiposo retroperitoneal em ratos. No entanto, o índice de Lee parece ser o melhor 
indicador murinométrico para diagnosticar o acúmulo de gordura retroperitoneal. O IMC, índice de Lee e CA foram 
parâmetros murinométricos com maior correlação.

Palavras-chave: dieta hiperlipídica, obesidade, ratos, índice murinométrico, tecido adiposo retroperitoneal.
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1. Introduction

Obesity is considered a public health problem due 
to the high prevalence and its comorbidities (Banik and 
Rahman, 2018; Luz et al., 2017). The accumulation of fat 
in the abdominal region has been reported as a determining 
factor for the development of chronic non-transmissible 
diseases (Almeida et al., 2016).

The increasing number of obese individuals is associated 
with excessive consumption of high-calorie and high-fat 
diets, especially saturated fats (Nasreddine et al., 2018). 
Animal scientific research has sought to reproduce the 
human dietary habit using high-fat diets, inducing the 
accumulation of body fat, to similarly reflect the metabolic 
alterations found in human obesity (West and York, 1998; 
Casper et al., 2008).

It is well established in the literature that the ingestion 
of hypercaloric and high-fat diets are directly related 
to the development of obesity in rodents (Souza et al., 
2018; Lima et al., 2018). Thus, in recent years, health 
professionals and researchers in the field have developed 
experimental studies to understand this clinical condition 
(Mittwede et al., 2016).

In experimental studies with rodents exposed to the 
high-fat diet the murinometric parameters such as body 
weight, longitudinal axis, and circumference of the abdomen 
(CA) have been used extensively; and Lee and body mass 
indexes (BMI) to identify adiposity and diagnose obesity 
(Licholai et al., 2018; Mcnay and Speakman, 2013). 
However, it is known that the measurement of body fat 
is the most sensitive indicator to diagnose obesity (Hariri 
and Thibault, 2010).

Despite its accuracy, analyzing adipose tissue is 
a difficult and costly method when compared to basic 
murine measurements, which makes it usual to measure 
these measurements in most of the work in rats. Thus, 
it is relevant to evaluate whether there is a correlation 
between the murine metric indicators and the amount 
of retroperitoneal adipose tissue. Therefore, the purpose 
of this study is to verify the correlation between murine 
measurements and retroperitoneal adipose tissue in high-fat 
diet exposed rats.

2. Material and Methods

This study was approved by the Ethics Committee on 
Animal Experimentation, Faculty of Veterinary Medicine and 
Animal Science, UFBA, according to protocol n° 59/2017. 
Young rats (Rattus norvegicus), of the Albinus variety, 
of the Wistar strain at the Laboratory of Experimental 
Nutrition of the Federal University of Bahia (UFBA), 
were carried out, in which all animals were kept under 
the same conditions, with a temperature of 23 ± 2 °C and 
light / dark cycle of 12 hours.

2.1. Experimental design
The animals were from primiparous females fed with 

high-fat during pregnancy and lactation. Wistar rats were 

used between 90 and 100 days, with a minimum body 
weight of 220 g and a maximum of 280 g.

The onset of gestation was confirmed by the vaginal 
smear test (Perez et al., 2015). On the first day of gestation, 
it was offered to the fat high diet (n = 4). The females 
maintained the consumption of the high-fat diet until the 
end of the lactation (21st day of life of the descendants). 
After weaning, which occurred on the 22nd day of life of 
the offspring, the high‑fat diet was offered to the offspring 
(n = 10) until the sixtieth day of life of the animal.

2.2. High-fat diet
This diet consisting of a mixture of commercial ration 

(Nuvilab® CR1) with roasted peanuts, milk chocolate, 
and Maria type biscuit, in a ratio of 3: 2: 2: 1. These 
ingredients were milled, mixed and heated in an oven 
at 60 °C. Subsequently, they were offered in the form 
of pellets, containing the percentage of lipids of 23% 
(Oliveira et al., 2011).

2.3. Data collect
On the sixtieth day of life of the offspring, measurements 

were measured as: weight, longitudinal axis, abdominal 
circumference and weight of retroperitoneal adipose tissue. 
And then calculated the BMI, the Lee Index.

The animals’ body weight was recorded using a digital 
electronic scale -Mart, model S-4000, with a capacity of 
4 kg and a sensitivity of 0.001g. Body length was assessed 
by measuring the longitudinal axis of the naso-anal. With 
the aid of a pen, the points between the muzzle and the base 
of the tail were marked, and the distance between them was 
evaluated by a digital caliper of 0.01 (BTS digital caliper) 
accuracy. The abdominal circumference was determined 
by the circumference of the midpoint between the anterior 
and posterior legs, a method used by Pini et al. (2016).

BMI was determined by body weight (g) / length2 (cm) 
(Novelli et al., 2007) and for the Lee Index, proposed by 
Lee in 1928, the formula consists of dividing the cubic 
root weight in grams by the naso-anal length in centimeters 
(Bernardis and Patterson, 1968).

For the collection of retroperitoneal adipose tissue, the 
adipose tissue was dissected, sterilized in saline and heavy.

2.4. Statistical analysis
For analysis of the correlation of the murinometric 

indicators with retroperitoneal adipose tissue, we used 
the Pearson correlation test, considering the following 
classification: weak (0 <r <0.4); moderate (0.4 ≤ r < 0.7) 
and strong (r≥ 0.7). Correlations with statistical significance 
were considered those with a moderate or strong correlation 
degree and p≤0.05 (Siqueira and Tibúrcio, 2011).

3. Results

The descriptive analysis of the murine parameters and 
the amount of retroperitoneal adipose tissue of the high-fat 
offspring on the sixtieth day of life is shown in Table 1. 
The body weight presented a weak correlation (r = 0.31, 
p=0.38), while the longitudinal correlated moderately 
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and negative (r = -0.40, p=0.25) with the amount of 
retroperitoneal adipose tissue. Abdominal circumference 
(r = 0.62, p=0.05), body mass index (r = 0.61, p=0.03) 
and Lee (r = 0.69, p=0.03) correlated moderately and 
positively with adipose tissue. Only Lee’s index showed 
a statistically significant correlation (Table 2).

4. Discussion

In the present study, the high-fat diet-induced accumulation 
of retroperitoneal adipose tissue in rats and the correlation 
with the commonly used murine measurements was used to 
diagnose obesity. Among the measured murine measurements, 
BMI, CA and Lee index were murine parameters with a 
higher correlation. However, weight and longitudinal axis 
were not good indicators to represent the accumulation of 
retroperitoneal adipose tissue in rats. The consumption of 
foods high in fat and high energy density has increased 
worldwide (Kratz et al., 2013; Santos et al., 2019). This 
excessive intake causes an increase in body adiposity and 
has a strong association with chronic non-transmissible 
diseases (Kratz et al., 2013).

According to the results found in this study, the weak 
correlation of body weight with retroperitoneal adipose 
tissue, without statistical significance. May be related to 
the fact that weight does not evaluate body composition 
(Gerbaix et al., 2010). Considering that body weight is 
determined by bone, muscle and adipose tissues, it may 
be that changes in the amount of bone and muscle tissues 
have influenced the results found. Corroborating with 
the findings in this study, Lac et al. (2008), rodents fed a 
high-fat diet in adulthood showed lower levels of bone 
minerals, bone mineral density, and skeletal area. Similarly, 
Pomar et al. (2017), the offspring of rats fed a diet with high 
lipid content during lactation had lower body weight and 
lower lean mass, but a greater amount of adipose tissue.

Obesity causes chronic inflammation that can affect 
the integrity and function of tissues. In muscle tissue, there 
is a greater deposition of adipose tissue. This promotes 
specific changes in the metabolism of muscle proteins, 
impairing protein synthesis in the muscle (Tardif et al., 
2014; Collins et al., 2016). This mechanism justifies the 
possible loss of lean mass in the animals studied, and, 
consequently, the loss of weight.

The studies that investigated, the longitudinal axis, 
another murinometric parameter, are few. It is mainly 
measured to perform the calculation of BMI and the Lee 
index (Sospedra et al., 2015). The results of this analysis 
showed a moderate and negative correlation with adipose 
tissue, without statistical significance. It may be that the 
longitudinal growth of the animal has contributed to a 
greater distribution of body fat (Nascimento et al., 2008).

In the present study, a moderate correlation was found 
between the abdominal circumference and adipose tissue, 
but no statistical significance. suggesting that this is a good 
parameter to evaluate the accumulation of retroperitoneal 
fat. Simillary, Angéloco et al. (2012) identified a moderate 
and positive correlation for abdominal circumference with 
carcass fat in rodents submitted to a high-fat or high-
sucrose diet. Differently, Gerbaix et al. (2010) considered 
abdominal circumference as a useful tool after having 
correlated strongly and significantly with the amount 
of adipose tissue evaluated by radiographic dual-energy 
absorptiometry (DEXA) and by dissection of the perirenal 
and peri-epididymal tissues.

Regarding BMI, a moderate and positive correlation was 
evidenced, with no statistical significance. It is important 
to consider, during the BMI analysis, that this indicator 
was formulated to assess the nutritional status of humans 
(Dutra et al. 2018). With this in mind, great care must be 
taken in adapting this parameter to animals. In agreement 
with the results of this work, Angéloco et al. (2012) observed 

Table 2. Correlation coefficient between the murinometric indicators and the amount of retroperitoneal adipose tissue in 
young rats submitted to the high-fat diet.

r p-value
Weight (g) 0.31 0.38
Longitudinal axis (cm) -0.40 0.25
Abdominal Circumference (cm) 0.62 0.05
Body Mass Index (g.cm-2) 0.61 0.06
Lee Index (  g.cm-1) 0.69* 0.03
* Statistically significant correlation, p <0.05.

Table 1. Murine measurements and amount of retroperitoneal adipose tissue in young rats submitted to the high-fat diet.
N Mean Standard deviation

Weight (g) 10 199.52 12.54
Longitudinal axis (cm) 10 20.34 0.57
Abdominal Circumference (cm) 10 14.81 0.59
Body Mass Index (g.cm-2) 10 0.48 0.03
Lee Index (  g.cm-1) 10 0.29 0.01
Retroperitoneal adipose tissue (g) 10 4.50 0.95
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a strong and positive correlation. However, in the work of 
Novelli et al. (2007), the result of the classification obtained 
in his study was a very strong correlation. This difference 
in the intensity of classification can be attributed to the fact 
that the researchers used a different classification for the 
correlation values and because they evaluated the carcass 
fat. And BMI accurately comprises calculating body mass, 
not retroperitoneal mass.

Contrary to body mass index, the Lee index was 
developed specifically for rats to evaluate obesity in these 
animals (Bernardis and Patterson, 1968). As the Lee index is 
a specific indicator for rats, this specificity may have resulted 
in a moderate correlation with statistically significant found 
with the amount of adipose tissue. Angelóco et al. (2012) 
showed a positive and strong correlation between the Lee 
index and carcass fat, suggesting that the Lee index is a 
good indicator to evaluate body fatness. The difference in 
the intensity of the classification, as well as the BMI, is 
because Angelóco et al. (2012) analyzed the total fat of the 
carcass of the animal.

5. Conclusion

The high-fat diet was able to promote the accumulation 
of retroperitoneal fat in animals exposed to the diet until 
adult life. Considering the results of the present study, it can 
be concluded that the weight and the longitudinal axis did 
not present a good correlation with retroperitoneal adipose 
tissue in young rats, but the BMI, CA and the Lee index 
were murine parameters with higher correlation. Lee’s 
index seems to be the best murine marker to diagnose 
retroperitoneal fat accumulation. Therefore, scientific 
research using rodents to simulate human obesity should 
investigate the murine measurements more carefully and 
associate these with other indicators to ensure the reliability 
of the results reported.
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