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B/IMAHME AETUAPATALIMA SMBPUOHA HA MOP®OMETPUYECKHUE NAPAMETPBI IIOYEK
Y CYTOYHBIX IBIIIJIAT PYCCKOHU BEJIOU IIOPO/IbI
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[IpoBeseHO MopdoMeTpHUUecKoe HccleloBaHHe NMoYeK 12 CYTOYHBIX LBIMJIAT PYCCKON Geson
nopoabl. Onpe/iesieHbl Macca filIa, Macca LbIJIEHKA, Macca CKOPJyIbl, abCOJNIOTHAsA U OTHOCUTEJb-
Hafd INOTepsd MacChbl AWIQA, yJAeJbHasd Macca LbIIVIEHKA. PaccyuTaHbl IJoW@Ab MOYeK, MOYeYyHOo-
COMaTUYeCKUI HHJEKC ¥ aCHMMeTPUS MeX/1y IpaBoX U JIeBO! NOYKOH. YCTaHOBJIEHA OTpULlaTeIbHasA
KOppeJisiiysl MeX/ly MacCoM LbIMJIEHKA U T0YeYHO-COMaTUYeCKUM UHJeKcoM (r = -0,73), a Takxe 1o-
JIOXKUTEJIbHAsI KOPPeJIAnUs MeXAy abCONITHOMN MoTeperd MacChl AHIa U M0Ye4YHO-COMAaTHIEeCKUM HH-
JekcoM (r = +0,52). JleruapaTanus sM6pHUoHa B IepHO/, UHKYbOallMd CTUMYJIMPYeT KOMIIeHCaTOpHOe
yBeJIM4eHHe OTHOCUTEJIbHBIX pa3MepoB NodeK. OTHOCUTe/IbHBIE NIOKa3aTesM NOoTepb Macchl Aina 1
yAeJibHas1 Macca [bIIIJIEHKA He ABJIAITCA YyBCTBUTE/IbHBIMHA MapKepaMH 3TOr0 polecca.

Kiio4deBble c/10Ba: bIILIATA; T0Y€YHO-COMAaTUUEeCKUM MHJAEKC; JeruapaTtanus sM6pHUOHa; 1o-
Teps MaccChl AMLA; KOPPeJALMOHHBIN aHaIU3

EFFECT OF EMBRYO DEHYDRATION ON MORPHOMETRIC PARAMETERS OF KIDNEYS
IN DAY-OLD CHICKS OF THE RUSSIAN WHITE BREED
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A morphometric study of the kidneys was performed on 12 day-old chicks of the Russian White
breed. Egg weight, chick weight, eggshell weight, absolute and relative egg weight loss, and chick-to-
egg weight ratio were determined. Kidney area, renal-somatic index, and asymmetry between the right
and left kidneys were calculated. A negative correlation was found between chick weight and renal-
somatic index (r = -0.73), as well as a positive correlation between absolute egg weight loss and renal-
somatic index (r = +0.52). Embryo dehydration during incubation stimulates a compensatory increase
in relative kidney size. Relative indicators of egg weight loss and chick-to-egg weight ratio are not sen-
sitive markers of this process.
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The functional readiness of the excretory
system in day-old chicks is determined by the
completeness of embryonic kidney organogene-
sis. In birds, the formation of the metanephric
kidney continues into the postnatal period: new
nephrons are still formed up to 12 weeks of age

[7]. This makes the kidneys of chicks a sensitive
indicator of embryonic development conditions.
The process of kidney organogenesis de-
pends on multiple factors, including incubation
parameters. It has been established that embryo
dehydration, caused by increased evaporative
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water loss through the eggshell, places additional
stress on the developing excretory system [5].
According to experimental data, plasma refrac-
tive index values, which reflect the degree of de-
hydration, correlate with subsequent chick viabil-
ity [5]. Breeder flock age also influences embryo-
genesis: changes in eggshell characteristics with
the age of laying hens affect egg weight loss and,
consequently, embryonic growth and body com-
position [6].

Studies on the morphology of the thoraco-
abdominal organs in birds have demonstrated
species- and breed-specific variations in the mor-
phometric parameters of internal organs [1, 2].
However, the relationship between incubation
parameters and kidney morphometric traits in
day-old chicks remains insufficiently understood.

Objective of the study is to identify the re-
lationship between incubation parameters (egg
weight, chick weight, absolute and relative egg
weight loss, chick-to-egg weight ratio) and linear
kidney dimensions in day-old chicks.

Materials and Methods. The study was
performed on 12 day-old chicks of the Russian
White breed. The following parameters were de-
termined for each bird: egg weight before setting
(g), chick weight at hatch (g), and eggshell weight
after hatch (g). Absolute egg weight loss was cal-
culated as: egg weight - (chick weight + eggshell
weight). Relative egg weight loss was computed
as (absolute loss / egg weight) x 100%. Chick-to-
egg weight ratio was defined as (chick weight /
egg weight) x 100%.

Within 1-2 hours after hatching, the chicks
were euthanized, a laparotomy was performed,
and the left and right kidneys were excised. Line-
ar measurements of each kidney (length from the
cranial to the caudal edge and width at the widest
point) were carried out using a digital caliper
with an accuracy of 0.01 mm. Kidney area (mm?)
was calculated as the product of length and
width. The renal-somatic index (mm?/g) was ob-
tained by dividing the total area of both kidneys
by the chick's body weight and then multiplying
by 100. Asymmetry between the right and left
kidneys was assessed as the difference in their
area expressed as a percentage of the mean area
of the pair.

Statistical analysis was performed by calcu-
lating Pearson's correlation coefficient (r) using
Microsoft Excel software.

Results and Discussion. The renal-
somatic index values varied over a wide range,
from 4.70 to 7.54 mm?/g. The 1.6 fold range be-

tween the minimum and maximum values indi-
cates considerable individual variability in rela-
tive kidney size among chicks that developed un-
der identical incubation conditions. The highest
index values (7.14-7.54 mm?/g) were recorded
in five chicks. These individuals were character-
ized by high absolute egg weight loss (7.10-12.59
g) and relatively low body weight (34.59-39.33
g). The lowest index values (4.70-5.29 mm?/g)
were observed in chicks with low egg weight loss
(5.92-6.97 g) and high body weight (46.85-51.90
g). Thus, a consistent trend is evident: the higher
the egg weight loss, the lower the chick's body
weight and the higher the relative kidney area.

To quantify the relationships between in-
cubation parameters and the renal-somatic index,
a Pearson correlation analysis was performed.
The correlation coefficient between egg weight
and the renal-somatic index was r = -0.31, indi-
cating a weak negative relationship. This result
suggests that egg weight is not a determining fac-
tor for relative kidney size, although a very weak
tendency for the index to decrease with increas-
ing egg weight exists.

The strongest relationship was found be-
tween chick weight at hatch and the renal-
somatic index (r = -0.73). This moderate negative
correlation indicates that the lower the chick's
body weight, the higher the relative kidney size.
From a physiological perspective, this is an ex-
pected pattern: in smaller individuals, the pro-
portion of internal organs relative to body weight
is generally higher. However, it is noteworthy
that within the low body weight group (35-40 g),
index values ranged from 4.78 to 7.54. This
means that low body weight alone does not guar-
antee a high index - the decisive factor is the in-
cubation conditions.

A moderate positive correlation was estab-
lished between absolute egg weight loss (in
grams) and the renal-somatic index (r = +0.52).
This result is interpreted as follows: chicks that
developed under conditions of increased evapo-
rative water loss through the eggshell have rela-
tively larger kidneys. The highest index values
(7.48-7.54 mm?/g) were recorded in individuals
with egg weight losses of 8.26-8.47 g and body
weights of 34.6-36.0 g. A record loss of 12.59 g
produced an index of 7.14 - high, but not the
maximum. This suggests the existence of an op-
timal range of weight loss (approximately 8.3-8.5
g), beyond which compensatory mechanisms op-
erate less effectively.

Relative egg weight loss (as a percentage)
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correlated more weakly with the renal-somatic
index (r = +0.38). The chick-to-egg weight ratio
(%) demonstrated the weakest positive relation-
ship (r = +0.25). These data indicate that absolute
parameters (body weight in grams, absolute egg
weight loss in grams) are more informative pre-
dictors of relative kidney size than relative pa-
rameters.

Asymmetry between the right and left kid-
neys, assessed as the difference in their area as a
percentage of the mean area of the pair, showed
practically no correlation with the incubation pa-
rameters (r = +0.09). This result indicates that
asymmetry is an individual morphological char-
acteristic and does not directly depend on the
conditions of embryonic development.

The present results are consistent with lit-
erature data on the effect of embryo dehydration
on postnatal development. According to Peebles
(2007), increased evaporative water loss through
the eggshell places additional stress on the em-
bryo, which is reflected in the viability of chicks
after hatching [2]. The present study demon-
strates that this stress is accompanied by a com-
pensatory increase in relative kidney size, which
may be considered an adaptive response aimed at
maintaining excretory function under conditions
of water deficit.

The revealed negative correlation between
chick body weight and the renal-somatic index (r
= -0.73) is in agreement with the general biologi-
cal pattern that the relative mass of internal or-
gans is higher in smaller individuals. However,
the scatter of index values within the low body
weight group (4.78-7.54 mm?/g) indicates that
not only body size but also the specific incubation
conditions determine the morphometric parame-
ters of the kidneys.

The positive correlation between absolute
egg weight loss and the renal-somatic index (r =
+0.52) supports the hypothesis that embryo de-
hydration stimulates hypertrophy of renal tissue.
This mechanism can be compared with the find-
ings of Gregg and Wideman (1990) on compensa-
tory kidney hypertrophy in adult hens following
unilateral nephrectomy [3]. The authors showed
that the remaining kidney increases by 30-40%
in weight and by 20-25% in glomerular volume.
In our case, the increase in the renal-somatic in-
dex in chicks with high egg weight loss reaches
60% (7.54 vs. 4.70 mm?/g), which is comparable
to the magnitude of compensatory changes ob-
served in adult birds.

Wideman (1989) established that kidney

maturation in chickens continues until 12 weeks
of age and is accompanied by an increase in glo-
merular size and changes in their distribution [7].
Our data show that even at the hatching stage, the
kidneys of chicks exhibit plasticity in response to
embryonic development conditions. The largest
relative kidney sizes in chicks with high egg
weight loss may reflect accelerated nephron mat-
uration induced by dehydration stress.

It is noteworthy that relative parameters
(percentage loss, chick-to-egg weight ratio)
proved to be less sensitive markers of this pro-
cess (r = +0.38 and +0.25, respectively). This fact
is consistent with the work of Peebles et al.
(2001), who showed that absolute egg weight
loss (in grams) is more closely related to embry-
onic body composition than relative weight loss
[6].

The absence of correlation between kidney
asymmetry and incubation parameters (r =
+0.09) is expected, since asymmetry of internal
organs in birds, according to Golovchenko and
Lemeshchenko (2022), is a species-specific trait
that is weakly dependent on external factors [1].
Lemeshchenko and Murunova (2017) also noted
that body cavity parameters in quails exhibit high
individual variability, which is not always related
to housing conditions [2].

In the context of the theoretical model of
hierarchical synthesis, embryonic development of
chicks can be interpreted as a recursive progres-
sion in which the egg acts as a transitory meta-
level - a para-organismal state that ensures the
transition from the hierarchical organization of
the parent organism to the hierarchical organiza-
tion of the hatched chick [4]. In this interpreta-
tion, embryo dehydration caused by increased
egg weight loss represents a variable interaction
of elements within the meta-level. The wide
range of renal-somatic index values (4.70-7.54
mm?/g) reflects the redundant set of trial mor-
phogenetic configurations formed during hierar-
chical synthesis. Competitive selection of a stable
configuration occurs within the optimal range of
egg weight loss (8.3-8.5 g), where the maximum
index values (7.48-7.54 mm?/g) were recorded.
Consolidation of the new hierarchical organiza-
tion (level N+2) is expressed in the formation of
compensatory kidney hypertrophy, which corre-
lates with chick body weight (r = -0.73) and ab-
solute egg weight loss (r = +0.52), consistent with
the data of Gregg and Wideman on compensatory
mechanisms in adult birds [3]. Kidney asymmetry
(r = +0.09), which does not correlate with incuba-
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tion conditions, represents a temporary structure
of the meta-level that has not been selected and is
subject to dissipation after hatching. Thus, the
obtained morphometric correlations quantita-
tively verify the theoretical model of recursive
progression [7], in which the egg functions as a
transitory meta-level, and dehydration acts as a
mechanism for the selection of stable morphoge-
netic configurations.

Conclusions

1. In day-old chicks of the Russian White
breed, significant individual variability in the re-
nal-somatic index was revealed, with values rang-
ing from 4.70 to 7.54 mm?/g (a 1.6-fold range),
indicating different degrees of morphofunctional
maturity of the excretory system under identical
incubation conditions.

2. A moderate negative correlation was es-
tablished between chick body weight at hatch
and the renal-somatic index (r = -0.73): the lower
the body weight, the higher the relative kidney
size. However, within the low body weight group
(35-40 g), index values ranged from 4.78 to 7.54
mm?/g, indicating the decisive role of incubation
conditions rather than body size alone.

3. A moderate positive correlation was
found between absolute egg weight loss (in
grams) and the renal-somatic index (r = +0.52).
Chicks that developed under conditions of in-
creased evaporative water loss have relatively
larger kidneys, which is interpreted as a compen-
satory adaptation to embryo dehydration.

4. An optimal range of absolute egg weight
loss (8.3-8.5 g) was identified, in which the high-
est renal-somatic index values (7.48-7.54
mm?/g) were recorded. Exceeding this range (a
loss of 12.59 g) reduces the effectiveness of com-
pensatory mechanisms.

5. Relative parameters (relative egg weight
loss as a percentage, chick-to-egg weight ratio)
correlate more weakly with the renal-somatic
index (r = +0.38 and r = +0.25, respectively) and
are not sensitive markers of the effect of dehydra-
tion on kidney morphogenesis.

6. Asymmetry between the right and left
kidneys shows practically no correlation with
incubation parameters (r = +0.09), confirming its
status as an individual morphological characteris-
tic independent of embryonic development con-
ditions.

7. The obtained data quantitatively verify
the theoretical model of recursive progression, in
which the egg functions as a transitory meta-
level, dehydration acts as a mechanism for the
selection of stable morphogenetic configurations,
and compensatory kidney hypertrophy repre-
sents an emergent property of the consolidated
hierarchical organization of the hatched chick.
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