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Overall rates of obesity have increased dramatically 
in the United States and other modern societies.1

Many African, and American women remain 
disproportionately represented among the overweight 
and obese.1 High-fat diets leading to excessive 
energy intake are strongly linked to the increasing 
obesity worldwide.2 The association between total 
dietary fat and cancer is still in doubt.3 There is some 
evidence demonstrating associations between fatty 
diet and cancers of the breast, prostate, and colon, 
and so forth.2,4 Dietary fat intake and obesity is also 
an independent risk factor for the development of 
diabetes and liver diseases.5 Until today, few studies 
have documented about the effectiveness of gender on 
overweight or its association with hepatomegaly risk in 
obese individuals.1,4 Animal research has contributed in 
numerous significant ways to advances in knowledge 
about health and disease. Within the animal models, 
there are number of factors that can be controlled; one 
of these factors is weight and height. Therefore, it may 
be performed an obesity model by any way, such as fatty 
diet and effects of this fatty diet induced obesity could 
be investigated.  Height or weight of experimental 
animals can be measured, easily, and correctly. 
Also, volumes of any organ can be detected. Organ 
volumes can be estimated, without bias, using the 
Cavalieri principle of volume measurement by means 
of consecutive serial sections.6,7 A simple approach to 
obtain such information was demonstrated over 300 
years ago by the Italian mathematician Bonaventura 
Cavalieri. It is demonstrated that this simple, 
inexpensive stereological approach is well suited to 
rapid and accurate volumetric calculations on the basis 
of standard histological slides or magnetic images of 
liver tumors, cirrhosis, hepatitis, hepatomegaly, liver 
transplantation, hepatectomy, and other surgical 
applications of the liver.8 It is also useful to examine 
structures that require assessment of changes in 
volume over time as an indicator of therapeutic 
effectiveness.9-11 In this study, we aimed to examine 
the relationship between high-fat diet induced obesity 
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ABSTRACT

Objective: To examine the relationship between high-
fat diet induced obesity and hepatomegaly, and to 
investigate whether obesity, or hepatomegaly, or both 
are related to gender. 

Methods: This study was performed in 2003 at 
Ataturk University, Erzurum Turkey. Ten adult Sprague 
Dawley rats (5 male, 5 female) were fed with a diet 
that constituted highly of fat (30%) for duration of 3 
months. Ten control animals (5 male, 5 female) were 
maintained with standard chow. At the end of the 
experiment, rats were sacrificed with Sevorane®. The 
body mass index (BMI) of all animals was calculated. 
Finally, the removed livers were histologically processed 
and the liver volume was estimated with unbiased 
Cavalieri method. 

Results: The BMI was 4.8 ± 0.3 kg/m2 in males; 4.2 
± 0.25 kg/m2 in females (control group), and 5.92 ± 
0.5 kg/m2 in males and 5.425 ± 0.40 kg/m2 in females 
(treatment group). The BMI of the 2 groups was 
significantly different (between both males and females, 
p<0.01; male to male, p=0.035; female to female, 
p=0.001). Moreover, weight values correlated with 
liver volume, especially in the treated females (r=1.000; 
p<0.01).

Conclusion: Thus, the results of the present study 
suggest that gender is a contributing factor for 
overweight and we found that hepatomegaly in women 
is more than men.
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and hepatomegaly, and to investigate whether obesity, 
or hepatomegaly, or both are related to gender. 

Methods. Twenty adult Sprague Dawley rats, 
weighing between 150-200 gr were used. All animals 
were obtained from the Ataturk University Study 
Applying and Research Center, Ataturk University, 
Erzurum, Turkey. The study was carried out in 2003. The 
rats were maintained in the laboratory under controlled 
environmental conditions (12 hours light/dark cycle 
and room temperature 22-240C and mated overnight). 
Rats were housed in plastic cages (one animal in per 
cage) and given food and water ad libitum. A standard 
diet was used under supervision of the Animal Care 
Committee of the University. Control rats (n=10 
animals, 5 male, 5 female) were fed by standard chow 
(7-10% fat, 68-70% carbohydrate, 18-20% protein, 1-
2% vitamins and minerals; 210 kcal/100 gr/day). High 
fat diet, isoenergic with standard diet, was prepared 
and necessary vitamins and minerals were added 
(30% fat, 50-52% carbohydrate, 18-20% protein, 1-
2% vitamins and minerals; 210 kcal/100 gr/day). For 
fatty diet; the chow, in powder form, was mixed with 
an additional 30% animal abdominal fat/kCal until it 
became homogenous in a dough-like consistency. This 
dough was shaped with a paste injector. Obtained chow 
blocks were dried and used for feeding. All animals 
were randomly assigned to 2 groups as control and 
study groups. While control rats (n=10 animals, 5 
male, 5 female) were maintained on standard chow, 
and the study groups (n=10 animals, 5 male, 5 female) 
were fed with the specially prepared chow. The weight 
of all animals was measured every 10 days in order to 
determine any weight rise. At the end of this study, all 
animals were sacrificed by Sevorane® (Abbott, Ultane; 
Canada). All sacrificed animals’ body weight and naso-
anal length were recorded for indirect computation of 
body composition via body mass index (BMI). Thus, 
the obesity status of the animals was confirmed. Finally, 
livers were removed from all sacrificed rats and the 
liver volume was estimated, stereologically. On the 
basis of a pilot study, it was decided to select every 5th 
liver slice from a set of consecutive sections from each 
liver. The first chosen section was carried out randomly 
within the first 5 sections for each animal. Fifteen to 20 
sections were sampled from each liver in a systematic 
random manner. Sampled sections were photographed 
with a modified light microscope, which has a camera 
attachment and dial indicators.12 The Cavalieri 
principle was used for estimation of the volumes of 
brains and livers.13,14 A point counting test grid was 
used for the estimation of sectioned liver areas (Figure 
1). The point density of the point counting grid was 
designed again to obtain an appropriate coefficient of 

error (CE) for images of the serial liver sections.15,16 For 
light microscopical procedures, CE and coefficient of 
variation (CV) were estimated according to Gundersen 
and Jensen’ formula.17 The test grid with systematic 
array of points is randomly placed on a computer 
screen. The volumes of the livers in each section were 
estimated with the following formula. Volume = t x a/p 
x SP. Where, “t” is the section thickness; “a/p” is the 
representing area of each point on the point counting 
grid, and “SP” is the total number of the points hitting 
the sections surface areas. All results were expressed as 
means ± SD. Student’s t test, and Spearman’s correlation 
analyses were performed using SPSS 13.0 for Windows 
(SPSS, Chicago, IL, USA). All p-values of less than 0.05 
were considered to be significant.

Results. No animals died during the experimental 
period. The BMI of both groups were 4.8 ± 0.3 kg/m2

in males and 4.2 ± 0.25 kg/m2 in females of the control 
group, and 5.92 ± 0.5 kg/m2 in males and 5.425 ± 0.40 
kg/m2 in females of the treatment group. The statistical 
difference between the BMI of the control and the 
treatment group was significant in both males (p<0.01)
and females (p<0.01). Also, the BMI of males and BMI 
of females were different from each other in both the 
control (p<0.01) and the treatment group (p<0.01).

Figure 1 - Photomicrograph of a) selected liver section and 
b) selected liver section with superimposed point-
counting grid.
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At the beginning of the experiment, the weight of 
male rats was higher than female rats of the same age 
(p=0.024). When comparing the mean weight of the 
same gender of the 2 groups with each other, important 
differences were found (male to male, p=0.035; female 
to female, p=0.001). Also, there was a significant 
difference between mean weight of male rats and female 
rats of the same groups (p=0.000 in the control group, 
p<0.05 in the treatment group). In the control group, 
there was no difference between consecutive weight 
values in males or females (p>0.05). In the treatment 
group, there was a significant difference between 
consecutive weight values of females but not in that 
of males (males, p>0.05; females, p=0.01). We found 
a statistical difference between the last weight value of 
males and females in the control group (p<0.01), but 
not the treatment group. Moreover, the last weight of 
males (p<0.05) and the last weight of females (p<0.01)
are different from each other in the 2 groups. The liver 
weight and volume measurement of the 2 groups are 
summarized in Figures 2a & 2b, and 3a & 3b). In the 
control group, there was no correlation between mean 
weight values of all measurements and mean volume 

of livers in either males or females (r=0.50; p>0.05 for 
males, r=-0.319; p>0.05 for females) (Figures 2a & 2b).
Also, there was no correlation between last weight values 
and mean volume of livers in either males or females of 
the control group (r=0.600; p>0.05 for males, r=-0.657; 
p>0.05 for females) (Figures 2c & 2d). In the treatment 
group, there were important correlations between mean 
weight values of all measurements and volume of livers 
in both males and females (r=0.90; p=0.019 for males 
and females) (Figures 3a  & 3b). In addition, we detected 
significant correlations between last weight values and 
volume of livers in both males and females (r=0.90; 
p<0.05 for males, r=1.00; p<0.01 for females) (Figure 
3c & 3d). Finally, the mean volume of livers in controls 
was less than the treatment group in males and females 
(p<0.05).

Discussion. In the present study, we focused on 
the body composition and liver volume of adult rats. 
We used periodical weight values, estimations of liver 
volumes, and we tried to understand the relationship 
between weight and liver size, and also to show that 
overweight and hepatomegaly could be affected by 

Figure 2 - Correlation between weight measurements and mean volume of livers. A, B; Correlation between mean weight values 
and mean volume of livers. C, D; Correlation between last weight values and mean volume of livers for control males 
and females.
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gender. Generally, BMI is an easily obtainable, widely 
accepted measurement in human studies, showing 
correlations with percentage body fat.18-20   We 
periodically measured the body weight and calculated 
BMI considering the mean body weight and mean 
height. When the results of the BMI measurements 
were evaluated between the 2 groups, the BMI of males 
increased from 4.8 ± 0.3 kg/m2 to 5.92 ± 0.5 kg/m2

(18.9%), and the BMI of females increased from 4.2 
± 0.25 kg/m2 to 5.425 ± 0.40 kg/m2 (22.6%). These 
results suggest that males of the control group gained 
more weight than the control females, however, in the 
treated group, females gained more than the treated 
males. At the beginning of the experiment, the weight 
of male rats, in same age group was higher than that of 
the female rats (p=0.024). The mean weight of the same 
gender of the 2 groups was significantly different from 
each other (male to male, p=0.035; female to female, 
p=0.001). This result indicates 2 important points 
firstly, our model is successful and animals put on 
weight; secondly, our finding that females gained more 
weight than males was again confirmed. Also, there was 
a significant difference between the mean weight of 
male rats and female rats of the same group (p=0.000
in the control group, p<0.05 in the treatment group), 
this result supports our finding that males of the control 
group gained more weight than the control females, and 
the treated group females gained more than the treated 
males. In the control group, there were no differences 
between consecutive weight values in measurements in 
either males or females (p>0.05). This finding resulted 
from the weight of the controls increasing gradually, 
and changing between fixed values (males, 170-200; 
females, 165-180). In the treatment group, there was a 
significant difference between consecutive weight values 
in measurements of females but not in that of males 
(males: p>0.05; females: p=0.01). It may be understood 
from these results that males are more resistant to gaining 
weight. Moreover, the last weight measurement of males 
(p<0.05), and the last weight measurement of females 
(p<0.01) were different from each other in the 2 groups. 
As seen from this result, obesity is an important risk 
factor for females. Routine physical examination of the 
liver cannot produce accurate information on the actual 
volume of the organ. Its major role in clinical diagnosis 
simply remains to define the characteristics of the lower 
edge of the organ.21 The liver volume measurement 
must, therefore, be quantitative and reproducible 
and this can be achieved using routine histological 
liver slides.22-24 In this study, we estimated volume 
of livers with the Cavalieri method; it is an unbiased 
stereological rapprochement. According to our results, 
in the control group, there was no correlation between 
mean weight values of all measurements and mean 

volume of livers in either males or females (r= 0.500; 
p>0.05 for males, r=-0.319; p>0.05 for females), as in 
this group, weight values were generally fixed and the 
volume of livers was different for each animals. Also, we 
did not find any correlation between last weight values 
and mean volume of livers in either males or females of 
the control group (r=0.600; p>0.05 for males, r=-0.657; 
p>0.05 for females) for the same reason. Contrary 
to controls, in the treatment group, we detected 
significant correlations between mean weight values of 
all measurements and the volume of livers in both males 
and females (r=0.90; p=0.019 for males and females). 
Furthermore, we found significant correlations between 
last weight values and volume of livers in both males 
and females (r=0.90; p<0.05 for males, r=1.00; p<0.01
for females). According to this finding, we report that 
the more body weight increases the more the volume of 
the liver enlarges. When comparing the liver volume in 
both groups, it was clear that the mean volume of livers 
in the controls was less than treatment group (in males 
and females, p<0.05), indicating hepatomegaly.

In conclusion, body weight relates to the volume 
of the liver in overweight persons, overweight is a very 
important risk factor for hepatomegaly, and overweight 
is a more important risk factor for women than men. 

References

  1. Lewis TT, Everson-Rose SA, Sternfeld B, Karavolos K, Wesley 
D, Powell LH.  Race, education, and weight change in a biracial 
sample of women at midlife. Arch Intern Med 2005; 165: 
545-551.

  2. Lichtenstein AH, Kennedy E, Barrier P, Danford D, Ernst ND, 
Grundy SM, et al. Dietary fat consumption and health. Nutr 
Rev 1998; 56: 23-28.

  3. Leosdottir M, Nilsson PM, Nilsson JA, Mansson H, Berglund 
G. Dietary fat intake and early mortality patterns - data from 
The Malmo Diet and Cancer Study. J Intern Med 2005; 258: 
153-165.

  4. Binukumar B, Mathew A. Dietary fat and risk of breast cancer. 
World J Surg Oncol 2005; 3: 45.

  5. Chalasani N, Deeg MA, Persohn S, Crabb DW. Metabolic and 
anthropometric evaluation of insulin resistance in nondiabetic 
patients with nonalcoholic steatohepatitis. Am J Gastroenterol 
2003; 98: 1849-1855.

  6. Cruz-Orive LM. Stereology of single objects. J Microsc 1997; 
186: 93-107.

  7. Roberts N, Cruz-Orive LM, Reid NMK, Brodie DA, Bourne M, 
Edwards HT. Unbiased estimation of human body composition 
by the Cavalieri method using magnetic resonance imaging. J
Microsc 1992; 171: 239-253.

  8. Sahin B, Emirzeoglu M, Uzun A, Incesu L, Bek Y, Bilgic S, 
et al. Unbiased estimation of the liver volume by the Cavalieri 
principle using magnetic resonance images. Eur J Radiol 2003;
47: 164-170. 

  9. Schiano TD, Bodian C, Schwartz ME, Glajchen N, Min AD. 
Accuracy and significance of computed tomographic scan 
assessment of hepatic volume in patients undergoing liver 
transplantation. Transplantation 2000; 69: 545-550.

11Relation20061140.indd   894 5/15/07   10:15:26 AM



895www. smj.org.sa     Saudi Med J 2007; Vol. 28 (6) 

Body weight and liver volume … Altunkaynak B & Altunkaynak M

10.	 Kubota K, Makuuchi M, Kusaka K, Kobayashi T, Miki K, 
Hasegawa K, et al. Measurement of liver volume and hepatic 
functional reserve as a guide to decision-making in resectional 
surgery for hepatic tumors. Hepatology 1997; 26: 1176-1181.

11.	 Nagino M, Ando M, Kamiya J, Uesaka K, Sano T, Nimura Y. 
Liver regeneration after major hepatectomy for biliary cancer. 
Br J Surg 2001; 88: 1084-1091.

12.	 Kaplan S, Canan S, Aslan H, Unal B, Sahin B. A simple 
technique to measure the movements of the microscope stage 
along the x and y axes for stereological methods. J Microsc 
2001; 203: 321-325.

13.	 Sahin B, Aslan H, Unal B, Canan S, Bilgiç S, Kaplan S, et 
al. Brain volumes of the lamb, rat and bird do not show 
hemispheric asymmetry: a stereological study. Image Analysis 
and Stereology 2001; 20: 9-13.

14.	 Emirzeoglu M, Sahin B, Selcuk MB, Kaplan S. The effects 
of section thickness on the estimation of liver volume by the 
Cavalieri principle using computed tomography images. Eur J 
Radiol 2005; 56: 391-397.

15.	 Cruz-Orive LM, Weibel ER. Recent stereological methods for 
cell biology: a brief survey. Am J Physiol 1990; 258: 148-156.

16.	 Odaci E, Sahin B, Sonmez OF, Kaplan S, Bas O, Bilgic S, et al. 
Rapid estimation of the vertebral body volume: a combination 
of the Cavalieri principle and computed tomography images. 
Eur J Radiol 2003; 48: 316-326.

17.	 Gundersen HJ, Jensen EB. The efficiency of systematic sampling 
in stereology and its prediction. J Microsc 1987; 147: 229-
263.

18.	 Maffei M, Halaas J, Ravussin E, Pratley RE, Lee GH, Zhang Y, 
et al. Leptin levels in human and rodent: measurement of plasma 
leptin and ob RNA in obese and weight-reduced subjects. Nat 
Med 1995; 1: 1155-1161.

19.	 Twisk JW, Kemper HC, van Mechelen W, Post GB, van Lenthe 
FJ.  Body fatness: longitudinal relationship of body mass index 
and the sum of skin folds with other risk factors for coronary 
heart disease. Int J Obes Relat Metab Disord 1998; 22: 915-
922.

20.	 Blum WF, Englaro P, Hanitsch S, Juul A, Hertel NT, Müller J, 
et al. Plasma leptin levels in healthy children and adolescents: 
dependence on body mass index, body fat mass, gender, pubertal 
stage and testosterone. J Clin Endocrinol Metab 1997; 82: 
2904-2910.

21.	 Zoli M, Magalotti D, Grimaldi M, Gueli C, Marchesini G, Pisi 
E. Physical examination of the liver: is it still worth it? Am J 
Gastroenterol 1995; 90: 1428-1432.

22.	 Rohr HP, Luthy J, Gudat F, Oberholzer M, Gysin C, Bianchi L. 
Stereology of liver biopsies from healthy volunteers. Virchows 
Arch A Pathol Anat Histol 1976; 371: 251-263. 

23.	 Rizvi TA, Kennan W, Xu YH, Pitot HC. The effects of dose 
and duration of administration on the promotion index of 
phenobarbital in multistage hepatocarcinogenesis in the rat. 
APMIS Suppl 1988; 2: 262-274. 

24.	 Noorafshan A, Esmail-Zadeh B, Bahmanpour S, Poost-Pasand 
A. Early  stereological changes in liver of Sprague-Dawley rats 
after streptozotocin injection. Indian J Gastroenterol 2005; 
24: 104-107. 

Related topics

Afrasiabi A, Hassanzadeh S, Sattarivand R, Nouri M, Mahbood S. Effects 
of low fat and low calorie diet on plasma lipid levels in the fasting month of 
Ramadan. Saudi Med J 2003; 24: 184-188. 

Alissa EM, Bahijri SM, Ferns GA.  Dietary macronutrient intake of Saudi males 
and its relationship to classical coronary risk factors. Saudi Med J 2005; 26: 
201-207. 

Altunkaynak BZ, Ozbek E, Altunkaynak ME.  A stereological and histological 
analysis of spleen on obese female rats, fed with high fat diet. Saudi Med J  
2007; 28: 353-357.

11Relation20061140.indd   895 5/19/07   12:10:06 PM


