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Amaç: Böbreklerin ve alt bileşen hacimlerinin bilinmesi tedavide ya 
da gerçekleştirilecek olan çalışmalarda göz önünde bulundurulması 
gereken kritik önemi olan bölgelerdir. Sunulan bu çalışma beş adet 
erkek ve beş adet dişi yetişkin şinşillanın sağ ve sol böbrekleri üze-
rinde gerçekleştirilmiş olup böbreklerin total ve alt bileşenlerinin 
hacimlerinin hesaplanması amaçlanmıştır.

Gereç ve Yöntem: Çalışmada beş adet dişi ve beş adet erkek yetişkin 
şinşillanın sağ ve sol böbreklerinin toplam ve alt bileşenlerinin ha-
cimleri hesaplandı. Arşimet prensibi sadece toplam hacim ölçümün-
de kullanılırken Cavalieri metodu böbreklerin hem toplam hem de 
alt bileşenlerinin hacim hesaplanmasında kullanıldı. 

Bulgular: Analizler sonucunda ortalama böbrek hacimleri Arşimet 
prensibine göre erkekler için 1.11 cm³ iken dişiler için 0.94 cm³ ola-
rak bulundu. Cavalieri metoduna göreyse bu değer erkekler için 0.97 
cm³ iken dişiler içinse 0.84 cm³ olarak hesaplandı. Korteks, medulla 
ve pelvisin yüzde oranları da erkekler için %71, %26, %3 ve dişiler 
içinde %71, %27, %2 olarak bulundu. Metotlar ve cinsler arasında, 
cinsler içinde ve böbrekler arasında istatistiksel olarak karşılaştırma 
yapıldığında herhangi bir önem (p>0.05) bulunamadı. 

Öneri: Böbreğin toplam hacmi hem Arşimet prensibi hem de Cavali-
eri metoduyla ölçülebilir. Ancak böbreğin alt bileşenleri sadece Cava-
lieri metoduyla hesaplanabilir. Sunulan bu çalışmada şinşilla böbre-
ğinin toplam ve alt bileşenlerinin hacimleri morfolojik olarak ortaya 
konmuştur. Böbrek üzerinde yapılacak olan deneysel çalışmalarda 
bu bölgelerin hacimlerinin ölçülmesi çalışmaya katkı sağlayacaktır.

Anahtar kelimeler: Böbrek, şinşilla, Cavalieri metodu, böbrek alt 
bileşenleri, hacim
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Aim: It is critically important to know the volume of the kidneys, 
which are vital for the body, in order to use the volume data for 
the treatment or to contribute to other studies. Thus present study 
aimed to estimate the total and subcomponent volume of the kidney 
in the chinchilla.

Materials and Methods: The present study was estimated the total 
and subcomponents volume of left and right kidneys of five male and 
five female adult chinchillas. The kidneys’ total volume was measured 
by both Archimedean Principle and Cavalieri method while the 
volumes of the subcomponents were estimated by Cavalieri method. 
All estimated parameters were compared by statistically. 

Results: The mean volume of the kidneys’ was estimated as 1.11 
cm³ for males and 0.94 cm³ for females by Archimedean principle. 
However it was 0.97 cm³ for males and 0.84 cm³ for females by 
Cavalieri method. The volume fractions of the kidney cortex, medulla 
and pelvis were 71%, 26%, 3% for the male and 71%, 27%, 2% for 
the female, respectively. Moreover all parameters such as weight, 
volume and volume fractions were statistically evaluated and no 
significant difference (p>0.05) was observed between the right and 
left kidneys and between the genders. 

Conclusion: The total volume of the kidney could be estimated 
by both Archimadean principle and Cavalieri method. However, 
the volume of the subcomponents in the kidney could only be 
estimated by Cavalieri method. Actually, total and subcomponent 
volume estimations of the kidney will contribute the findings of the 
experimental studies. It was concluded that this stereological study 
could provide a valuable contribution to future studies performed 
on kidney.

Keywords: Kidney, Cavalieri method, chinchilla, kidney 
subcomponents, volume
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Introduction 

Chinchilla is a rodent and the member of the Chinchillidae 
family (Erencin 1977, Kurschner 1992). Recently, chinchil-
la modeling is frequently used in several studies (Giebink 
1999, Bakaletz 2009). The response of the chinchilla kidney 
against some chemicals was investigated in the toxicological 
and pharmacological comparative experiments and general-
ly evaluated histopathologically (Klimtova et al 2002, Ewuola 
2009). Additionally to the histopathological examination, 
total and the subcomponents (cortex, medulla, and pelvis) 
volume estimation of the kidney may also be beneficial. Be-
cause, the total and the subcomponent volume estimation 
of the kidney has been suggested as an index for studying 
the health status of the kidney (Adibi et al 2008). The renal 
mass and the morphological changes is an indicator of the re-
nal functional reserve (Coulam et al 2002, Bailey et al 2004, 
Michael et al 2007). Thus, the volumetric measurements on 
the kidney may produce valuable data of the organs’ status 
(Coulam et al 2002, Adibi et al 2008, Pazvant et al 2009). 

The volume estimation of the renal parenchyma could eas-
ily be achieved by Cavalieri method (Gundersen et al 1988, 
Nyengaard 1999, Pereira-Sampaio et al 2008, Pazvant et al 
2009, Bolat et al 2011, Lenger and Akosman 2013). It pres-
ents simple and efficient estimates related with the object 
(Gundersen et al 1988, Agashiwala et al 2008). This method 
initially starts by a random cut through the tissue following 
subsequent cuts at regular intervals. Thus systematic and 
random sections provided. The volume of the tissue obtained 
by multiplying the sum of the profile areas of the tissue on 
all sections by the distance between them (Gundersen et al 
1988, Schmitz and Hof 2007). The profile areas of the tis-
sues on sections could be estimated by the transparent test 
probe superposed. The transparent test probe consists of 
the regularly spaced points in a known distance. The area 
fraction of the profile is determined by counting all points 
hitting on the profile (Gundersen et al 1988). This method 
was once applied successfully on the pig, sheep, rabbit, horse 
and cattle, kidneys (Pereira-Sampaio et al 2008, Pazvant et al 
2009, Bolat et al 2011, Bolat et al 2013, Lenger and Akosman 
2013). Thus, we decided to perform Cavalieri method on the 
chinchilla kidney and estimate its total and subcomponents’ 
volume and contribute to the literature. 

Materials and Methods 

The study was performed on five male (550-600 g) and 
five female (500-550 g) adult chinchillas’ (Chinchilla lanig-
era) kidney. The chinchillas obtained from the project (06.
VF.20) supported by Scientific Projects Coordination Cen-
ter of Afyon Kocatepe University and study was achieved 
by authorisation of Research Animals Ethics Commission of 
the Afyon Kocatepe University (Akuhadyek-Reference Num-
ber-14/06). 

The neutral buffered 10% formalin solution for fixation ap-
plied under general anesthesia to whole subjects from the 
jugular vein and fixation continued in the container filled by 
the same solution. After fixation, the kidneys on both sides 
were extirpated, and weighed. Briefly, the total volume of the 
whole kidney was measured by Archimedean principle de-
pends on the water overflow from the graded cylinder. For 
the Cavalieri method, the kidney was sliced into 0.1 cm in-
tervals with a random start (Figure 1). Depending on kidney 
size nearly twenty sections were obtained for the volume 
estimation per kidney. The volume of the total kidney and 
its subcomponents were measured individually. The profile 
areas of the slices measured by transparent test probe super-
posed consist of 0.25 cm regularly spaced points. The 0.25 
cm regularly spaced point probe was used for the estimation 
of the total kidney, cortex, medulla, and pelvis volume. For 
this process, sum of the points hitting to the cortex, medulla 
and pelvis first individually than for the total volume totally 
evaluated and calculated by the following formula;

V= (t . a/p . ∑P) cm³

t : section thickness (0.1 cm),
a/p : the area represented by a point in the grid
   (0.25 cm x 0.25 cm), 
∑P : Total number of points hitting the surface area of the
   sections.

The coefficient of error (CE) of the study was calculated ac-
cording to Nyengaard (1999).

The weight and the estimated kidney volume evaluated by 
Mann-Whitney U test and the comparison of the Archime-
dean principle and the Cavalieri method evaluated by one 
sampled t test (SPSS 17.0). The significance level was set at 
p<0.05.

Başaran et alVolume analysis of the kidney 

Figure 1. The sliced chinchilla kidney according to Cavalieri method.
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Results

Macroanatomical results

All chinchillas in this study were clinically healthy. The mean 
kidney weight was 1.74±0.3 g for the male and 1.70±0.2 g for 
the female. The weight differences between and in the gen-
ders for the kidney placed on the right side and the left side 
were not (p>0.05) statistically significant.

Methodological comparison 

The mean kidney volume estimated by Archimedian prin-
ciple was 1.11±0.4 cm³ for the male and 0.94±0.4 cm³ for 
the female. The mean kidney volume estimated by Cavalieri 
method was 0.97±0.3 cm³ for the male and 0.84±0.3 g for the 
female (Table 1). The comparison of results between these 
two methods was not (p>0.05) statistically significant.

Volumetric evaluation 

According to the findings of the Cavalieri method, the volume 
differences between and in the genders for the kidney placed 
on the right side and the left side did not (p>0.05) statisti-
cally significant (Table 1). The coefficient of error (CE) of the 
Cavalieri method was calculated as 0.03.

Volume fraction of kidney components

The volume fractions of the kidney according to Cavalieri 
method of the cortex, medulla and pelvis were 71%, 26%, 
3% for the male and 71%, 27%, 2%  for the female, respec-
tively. The volume differences between and in the genders 
for the kidney placed on the right side and the left side were 
not (p>0.05) statistically significant. 

Discussion

In this study the renal parameters of the adult male and fe-
male chinchilla investigated macroscopically. The estimation 

of the total volume and the volume fractions of the kidney 
are essentially important in the determination of the creati-
nine clearance and thus indicate the potential functional ca-
pacity of the kidney (Pereira-Sampaio et al 2008). The total 
volume of the kidney previously estimated in the Sprague 
Dawley rats by Cavalieri method was 1.7 cm³ (Altunkaynak 
et al 2008). The total kidney volume was measured as 0.72 
cm³ and 0.82 cm³ in the 9 and 14 weeks old Sprague Dawley 
rats, respectively (Nath and Salahudeen 1990). According to 
previous reports the four weeks old Wistar-Kyoto offsprings’ 
had 0.28 cm³ (Zimanyi et al 2000) and ten weeks old Wistar-
Kyoto’s had 1.2 cm³ total kidney volume (Kett et al 1995). The 
volume of the kidney subcomponents generally concentrated 
on the pharmacological (Kett et al 1995), comparative ( Paz-
vant et al 2009, Simsek et al 2009, Bolat et al 2011, Bolat et 
al 2013, Lenger and Akosman 2013), and nutritional aspects 
(Altunkaynak et al 2008). In fact, approaching to the volume 
fraction is a big advantage than the total volume (Pazvant et 
al 2009). Recently, scientists revealed the subcomponents 
volume and thus volume fractions of the kidney. The horses’ 
left kidney consists of 57% cortex, 41% medulla and 2% pel-
vis and right kidney consists of 54% cortex, 44% medulla, 
2% pelvis (Bolat et al 2013). The mean cortex and medulla 
volume fraction of the cattle kidney is 69% and 31%, respec-
tively (Lenger and Akosman 2013). The volume fractions of 
cortex, medulla and pelvis were 69.2%, 27.7%, and 3.1% for 
the female ram respectively, and 70.2%, 26.4% and 3.4%, for 
the male ram, respectively (Pazvant et al 2009).The rabbits’ 
left kidney consists of 59.7% cortex, 36.4% medulla, 3.8% 
pelvis and right kidney consists of 61.8% cortex, 34.7% me-
dulla, 3.4% pelvis (Bolat et al 2011). The volume fraction of 
the cortex in foetal kidneys (86%) was higher than in new-
born (54%) or adult rats (77%) (Simsek et al 2009). In the 
present study, the volume fractions of the kidney in the chin-
chilla consist of 71% cortex, 26% medulla, 3% pelvis for the 
male and 71% cortex, 27% medulla, 2% pelvis for the female.

In our study, no statistical significance (p>0.05) was de-
tected between the Archimedean principle and the Cavalieri 
method (Table 1). The Archimedean principle allows rapid 

Table 1. Weight and volume parameters of the chinchilla kidney.
Male

Female

Mean Kidney Volume
(Archimedean Principle)

Right
1.10 cm³

Left
1.12 cm³

Mean Kidney Volume
(Archimedean Principle)

Right
1 cm³

Left
0.88 cm³

Mean Kidney Weight

Right
1.77 g

Left
1.71 g

Mean Kidney Weight

Right
1.80 g

Left
1.58 g

Mean Kidney Volume
(Cavalieri Method)

Right
0.96 cm³

Left
0.98 cm³

Mean Kidney Volume
(Cavalieri Method)

Right
0.9 cm³

Left
0.78 cm³

There were no statistically significance between all estimated parameters (p>0.05).
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estimations of the total organ but Cavalieri method estimates 
both total and the organ subcomponents volume (Akosman 
and Ozdemir 2010). The Cavalieri method works simply and 
produces efficient and current results (Gundersen et al 1988, 
Pazvant et al 2009). The volume estimation of the kidneys in 
vivo could be achieved by magnetic resonance imaging (MRI) 
(Coulam et al 2002) and in addition the Cavalieri method 
could able to combine with the MRI (Sonmez et al 2010). It 
has been reported that the MRI measurements of the total 
renal volume is accurate, however the fractional measure-
ments are limited but promised yet (Coulam et al 2002). 
Moreover, by MRI, workers achieved to reach the total glo-
merular number and size in the kidney (Beeman et al 2011). 
Variations in the number and size of the glomeruli are also 
the indicator of many renal and systemic diseases (Beeman 
et al 2011).

Conclusions 

In conclusion the total and the subcomponents volume of the 
chinchilla kidney were estimated in this research. This kind 
of estimation on the kidney especially important in the ex-
perimental and comparative studies. The volumetric quanti-
ties of the kidney were obtained by means of stereological 
methods in our study. The researchers believed that it would 
be beneficial if the volume of the total and the subcompo-
nents of the kidney are analysed and the data generated here 
may contribute to the current knowledge.

Acknowledgements

This study was extracted from the master thesis no: 2010-
011 titled “Investigation of kidney volume by stereological 
method in the chinchilla”. The authors would like thank to 
Prof. Dr. Ibrahim Demirkan from Afyon Kocatepe University 
for his valuable criticism on the manuscript. 

References
Adibi A, Naini AE, Salehi H, Matinpour M, 2008.Renal cortical 

thickness in adults with normal renal function measured 
by ultrasonography. Iran J Radiol, 5, 163-166.

Agashiwala RM, Louis ED, Hof PR, Perl DP, 2008. A novel ap-
proach to non-biased systematic random sampling: A ster-
eologic estimate of Purkinje cells in the human cerebellum. 
Brain Res, 1236, 73-78.

Akosman MS, Ozdemir V, 2010. Capability of the Cavalieri 
method for volume estimation of the dog testis. Eurasian 
J Vet Sci, 26, 63-67.

Altunkaynak ME, Ozbek E, Altunkaynak BZ, Can I, Unal D, 
Unal B, 2008. The effects of high-fat diet on the renal struc-
ture and morphometric parametric of kidneys in rats. J 
Anat, 212, 845-852.

Bolat D, Bahar S, Tipirdamaz S, Selcuk ML, 2013. Comparison 
of the morphometric features of the left and right horse 
kidneys: A stereological approach. Anat Histol Embryol, 
DOI: 10.1111/ahe.12036. Article first published online: 14 
Feb 2013. 

Bailey SA, Zidell RH, Perry RW, 2004. Relationships between 
organ weight and body/brain weight in the rat: what is the 
best analytical endpoint? Toxicol Pathol, 32, 448-466.

Bakaletz LO, 2009. Chinchilla as a robust, reproducible and 
polymicrobial model of otitis media and its prevention. Ex-
pert Rev Vaccines, 8, 1063-1082.

Beeman SC, Zhang M, Gubhaju L, Wu T, Bertram JF, Frakes 
DH, Cherry BR, Bennett KM, 2011. Measuring glomeru-
lar number and size in perfused kidneys using MRI. Am J 
Physiol Renal Physiol, 300, 1454-1457.

Bolat D, Bahar S, Selcuk ML, Tipirdamaz S, 2011. Morphomet-
ric investigations of fresh and fixed rabbit kidney. Eurasian 
J Vet Sci 27, 149-154.

Coulam CH, Bouley DM, Sommer FG, 2002. Measurement of 
renal volumes with contrast-enhanced MRI. J Magn Reson 
Imaging, 15, 174-179.

Erencin Z, 1977. Prey animals and prey, Ankara Univ Vet Fac 
Publish, Ankara, Turkey, pp: 338.

Ewuola EO, 2009. Organ traits and histopathology of rabbits 
fed varied levels of dietary fumonisin B(1). J Anim Physiol 
Anim Nutr (Berl), 93, 726-731.

Giebink GS, 1999. Otitis media: the chinchilla model. Microb 
Drug Resist, 5, 57-72.

Gundersen HJG, Bendtsen TF, Korbo L, Marcussen N, Moller 
A, Nielsen K, Nyengaard JR, Pakkenberg B, Sorensen FB, 
Vesterby A, West MJ, 1988. Some new, simple and efficient 
stereological methods and their use in pathological re-
search and diagnosis. Apmis, 96, 379-394.

Kett MM, Alcorn D, Bertram JF, Anderson WP, 1995. Enalapril 
does not prevent renal arterial hypertrophy in spontane-
ously hypertensive rats. Hypertension, 25, 335-342.

Klimtova I, Simunek T, Mazurová Y, Hrdina R, Gersl V, Adam-
cova M, 2002. Comparative study of chronic toxic effects of 
daunorubicin and doxorubicin in rabbits. Hum Exp Toxicol, 
21, 649-657.

Kurschner M, 1992. Unser Chinchilla, Franck-Kosmos Verlags 
Gmbh Co, Stutgart, Germany, pp:10-25.

Lenger OF, Akosman MS, 2013. An urological model: Volume 
estimation of the bovine renal parenchyma. BJAS, 19, 848-
853.

Michael B, Yano B, Sellers RS, Perry R, Morton D, Roome N, 
Johnson JK, Schafer K, 2007. Evaluation of organ weights 
for rodent and non-rodent toxicity studies: A review of 
regulatory guidelines and a survey of current practices. 
Toxicol Pathol, 35, 742-750.

Başaran et alVolume analysis of the kidney



175

Nath AK, Salahudeen AK, 1990. Induction of renal growth 
and injury in the intact rat kidney by dietary deficiency of 
antioxidants. J Clin Invest, 86, 1179-1192. 

Nyengaard JR, 1999. Stereologic methods and their applica-
tion in kidney research. J Am Soc Nephrol, 10, 1100-1123.

Pazvant G, Sahin B, Kahvecioglu KO, Gunes H, Ince NG, Baci-
noglu D, 2009. The volume fraction method for the evalu-
ation of kidney: A stereological study. Ankara Univ Vet Fak 
Derg, 56, 233-239.

Pereira-Sampaio MA, Henry RW, Favorito LA, Sampaio FJB, 
2008. Proportional analysis of the pig renal parenchyma 
and sinus structures. Cells Tissues Organs, 187, 316-321.

Schmitz C, Hof PR, 2007. Design-Based Stereology in Brain 
Aging Research. In: Riddle DR, editor, Brain Aging: Models, 
Methods, and Mechanisms, Chapter 4, Boca Raton (FL): 
Taylor & Francis Group, LLC, CRC Press, USA, pp: 63. 

Simsek N, Altunkaynak BZ, Unal D, Can S, Malkoc I, Unal B, 
2009. A stereological and electron microscopic study of 
the development of the nephron in prenatal and postnatal 
rats. EAJM, 41, 84-90.

Sonmez OF, Odaci E, Bas O, Colakoglu S, Sahin B, Bilgic S, Kap-
lan S, 2010. A stereological study of MRI and the Cavalie-
ri method combined for diagnosis and monitoring of brain 
tumor volume. J Clin Neurosci, 17, 1499-1502.

Zimanyi MA, Bertram JF, Black JM, 2000. Nephron number 
in the offspring of rats fed a low protein diet during preg-
nancy. Image Anal Stereol, 19, 219-222.

Başaran et alVolume analysis of the kidney


