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Amac: Bobreklerin ve alt bilesen hacimlerinin bilinmesi tedavide ya
da gergeklestirilecek olan ¢alismalarda géz dniinde bulundurulmasi
gereken kritik 6nemi olan boélgelerdir. Sunulan bu ¢alisma bes adet
erkek ve bes adet disi yetiskin sinsillanin sag ve sol bobrekleri tize-
rinde gergeklestirilmis olup bébreklerin total ve alt bilesenlerinin
hacimlerinin hesaplanmasi amaglanmigtir.

Gerec¢ ve Yontem: Calismada bes adet disi ve bes adet erkek yetiskin
singillanin sag ve sol bobreklerinin toplam ve alt bilesenlerinin ha-
cimleri hesaplandi. Arsimet prensibi sadece toplam hacim 6l¢iimiin-
de kullanilirken Cavalieri metodu bobreklerin hem toplam hem de
alt bilesenlerinin hacim hesaplanmasinda kullanildi.

Bulgular: Analizler sonucunda ortalama bobrek hacimleri Arsimet
prensibine gore erkekler icin 1.11 cm?® iken disiler i¢cin 0.94 cm? ola-
rak bulundu. Cavalieri metoduna goreyse bu deger erkekler i¢in 0.97
cm? iken disiler icinse 0.84 cm? olarak hesaplandi. Korteks, medulla
ve pelvisin yiizde oranlari da erkekler icin %71, %26, %3 ve disiler
icinde %71, %27, %2 olarak bulundu. Metotlar ve cinsler arasinda,
cinsler icinde ve bobrekler arasinda istatistiksel olarak karsilastirma
yapildiginda herhangi bir 6nem (p>0.05) bulunamadi.

Oneri: Bobregin toplam hacmi hem Arsimet prensibi hem de Cavali-
eri metoduyla 6l¢tilebilir. Ancak bobregin alt bilesenleri sadece Cava-
lieri metoduyla hesaplanabilir. Sunulan bu ¢alismada sinsilla bobre-
ginin toplam ve alt bilesenlerinin hacimleri morfolojik olarak ortaya
konmustur. Bobrek iizerinde yapilacak olan deneysel ¢alismalarda
bu bélgelerin hacimlerinin 6l¢iilmesi calismaya katki saglayacaktir.

Anahtar kelimeler: Bobrek, sinsilla, Cavalieri metodu, bobrek alt
bilesenleri, 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
cm? for males and 0.94 cm? for females by Archimedean principle.
However it was 0.97 cm® for males and 0.84 cm? 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, Bolatetal 2011, Bolat etal 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.
VFE.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).
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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.Y.P) cm?

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).

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

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.
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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 cm?® for the male and 0.94+0.4 cm?® for
the female. The mean kidney volume estimated by Cavalieri
method was 0.97+0.3 cm? 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
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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 cm® (Altunkaynak
et al 2008). The total kidney volume was measured as 0.72
cm® and 0.82 cm? 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 cm?® (Zimanyi et al 2000) and ten weeks old Wistar-
Kyoto’s had 1.2 cm? 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

Mean Kidney Volume

Mean Kidney Volume

Mean Kidney Weight (Archimedean Principle) (Cavalieri Method)
Right Left Right Left Right Left
177 g 171g 1.10 cm?® 112 cm?® 0.96 cm® 0.98 cm?®

Female
Mean Kidney Volume Mean Kidney Volume

Mean Kidney Weight (Archimedean Principle) (Cavalieri Method)
Right Left Right Left Right Left
1.80¢g 158¢g 1cm? 0.88 cm?® 0.9 cm? 0.78 cm?®

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
etal 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.
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