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Objective: Our aim was to determine the effects of intrauterine growth retardation (IUGR) on the Yayin tarihi: 30.04.2019

kidney and whether serum leptin level was associated with these changes.

Method: After feeding with standard diet for 7 days pregnant rats were divided into 2 groups on
the 8th day. While the control group continued to be fed with normal diet during pregnancy, the
study group was fed with only half of their normal needs. Structural evaluations were performed
in fetuses at 21. gestational days and offsprings at 3, 6, 16 weeks of age The kidneys were inves- Sebahat Tiilpar
tigated according to their weight, light microscopy findings, nephron counts and glomerular
volume. Renal excretory function was determined as for functional evaluation. Fetuses and 3
week- old rat kidneys were investigated only structurally. Serum leptin levels were measured at
3, 6, 16 weeks of age, while direct blood pressure and renal blood flows were measured at 16.
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week of age. . . )

Results: Renal weights were lower in the IUGR groups. In IUGR group, decreased number of SBU Bakirkdy Dr. Sadi Konuk EAH
nephrons were found in fetuses and 16-week-old offsprings. Urine flow rate, renal blood flow, Gocuk Nefroloji Bolumi
GFR, Na, K and, Mg excretions were lower in the 16-week offspring group compared to the cont- Istanbul - Trkiye
rol group, but protein excretion was higher and blood pressure was at normal level. The IUGR rats

had significantly elevated serum leptin levels at 3-week-old rats. The leptin levels in 6-week-old P stulpar76@yahoo.com
females were almost 60% higher than controls. For all ages there was a negative correlation ORCID: 0000-0001-8182-4682

between leptin levels and fractional kidney weights. Leptin level and urine volume were correla-
ted in the 6-week-old rats. There were positive correlations between leptin and blood pressure,
excretions of creatinin, Na and K in 16-week-old rats. ) ) ) ) 2. Giindiiz 0000-0003-1358-7632
Conclusion: In conclusion, temporary increase of serum leptin concentration during weaning may

not be associated with the deleterious effect of kidney structure and function at least until early Erciyes Universitesi Tip Fakiiltesi
adulthood in IUGR. Cocuk Nefroloji Bilim Dali

Kayseri - Tiirkiye
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Amag: Amacimiz, intrauterin biyime geriliginin (IUBG) bébrekler lizerine etkilerini ve serum Kayseri - Tiirkiye

leptin diizeylerinin bu degisikliklerle iliskili olup olmadigini belirlemektir.

Yéntem: Standart diyetle 7 giin besledikten sonra gebe ratlar 8.giin iki gruba ayrilmistir. Kontrol E. Oztiirk 0000-0001-6180-5716

grubu gebelik sirasinda normal diyetle beslenmeye devam ederken, ¢alisma grubuna normal
gereksinmelerinin yarisi kadar besin verilmistir. Fetlisler 21 gtinliikken, yavrular ise 3., 6., 16.
haftalarda degerlendirilmistir. Bébrekler yapisal olarak agirliklari, 1sik mikroskopisi bulgulari,
nefron sayisi ve glomeriil hacmine gére incelenmis ve islevsel agidan renal ekskretuar fonksiyon
degerlendirilmistir. Fetiisler ve 3 haftalik rat bébrekleri yalnizca yapisal agidan incelenmistir. U,
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6 ve 16 haftalik ratlarin serum leptin diizeyleri 16 haftaliklarin ise kan basinglari ve bébrek kan N. Kog 0000-0003-0734-7632
akimlari él¢iilmstir. Erciyes Universitesi Tip Fakiiltesi
Bulgular: IUBG gruplarinin bébrekleri daha hafifti. [UBG grubundaki fetiislerde ve 16 haftalik Mikrobiyoloji Anabilim Dali
yavrularda daha az sayida nefron saptanmistir. Kontrollerle karsilastirildiginda idrar akis hizi, Kayseri - Tiirkiye

renal kan akimi, GFH, Na, K ve Mg klirensleri 16 haftalik yavrularda daha diisiik, ancak protein
klirensi daha yiiksek ve kan basinci normal diizeylerdeydi. U¢ haftalik IUBG olan ratlarda serum
leptin diizeyleri anlamli derecede yiikselmisti. Alti haftalik disilerde leptin diizeyleri kontrollere
gére hemen hemen %60 oraninda yiikselmisti. Tim yaslar igin leptin dizeyleriyle fraksiyonel
bébrek agirliklari arasinda negatif bir korelasyon mevcuttu. Alti haftalik ratlarda leptin diizeyi ile
idrar hacmi koreleydi. On alti haftalik ratlarda leptin ve kan basinci, kreatinin, Na, K klirensleri
arasinda pozitif korelasyonlar mevcuttu.

Sonug: [UBG’de siitten kesildikten sonra serum leptin konsantrasyonunda gegici artis en azindan
erken eriskin déneme kadar bébreklerde yapisal ve islevsel bozulma ile iliskili olmayabilir.

Anahtar kelimeler: [UBG, bébrek, leptin
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INTRODUCTION

Intrauterine growth retardation leads to adverse
health outcomes in childhood and adulthood.
Epidemiological and experimental studies have
shown that IUGR predisposes to chronic diseases
such as hypertension, cardiovascular, metabolic, and
renal diseases ™3, It has been demonstrated that
reduction in food intake during pregnancy can pro-
gram later-life hypertension in animal models “®. A
number of mechanisms have been proposed to
explain how IUGR may affect offspring blood pres-
sure, including reprogrammed hypothalamic-pitu-
itary-adrenal axis, altered sympathetic activity and
renin angiotensin aldosterone system #, [UGR could
affect renal development. It has been documented
that human infants with IUGR have reduced number
of nephrons and increased glomerular volume ©9,
New nephrons are not produced after birth.
Consequently, reduced renal reserve at birth leads to
an increased risk for the development progressive
renal disease and hypertension %12,

Leptin is @ hormone produced mainly by white adi-
pose tissue, and acts to regulate body weight. In chil-
dren, as in adults, serum leptin concentrations posi-
tively correlate with body weight and amount of body
fat mass ¥, In addition, leptin levels in human umbil-
ical cord blood positively correlate with birth weight
and adiposity at delivery. Because of this, SGA new-
borns have reduced serum leptin concentrations. On
the contrary, it has been demonstrated that infants
born with IUGR have high leptin levels during catch-up
growth 4. A long-term effect of high leptin level in
IUGR in early life on health problem in adulthood is
not known. The purpose of the study was to deter-
mine the effects of experimental intrauterine growth
retardation on the structure and function of the kid-
ney and whether serum leptin level was associated
with these changes.

MATERIALS and METHODS

All procedures were approved by the local Ethics
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Committee. All rats received care in compliance with
the Principles of the guide for the Care and Use of
Laboratory animals .

Animals and study design

Wistar rats were kept in a room with controlled tem-
perature (22+1°C) and with artificial dark-light cycle
(12L: 12D). Virgin female Wistar rats (n=18) were
mated with male rats for one night. The next day was
considered to be day 1 of pregnancy if spermatozoa
were found in the vaginal smears. Pregnant females
were then transferred into individual cages with free
access to food until day 8 of pregnancy. Female rats
were randomly assigned to one of two diets at the
day 8 of pregnancy. One group (n=10) was fed a nor-
mal chow diet. Their offspring constituted the con-
trol group. The second group (n=8) received 50% of
the needs from day 8 of pregnancy until parturition.
Their offspring composed the IUGR group. Water
was always available ad libitum for all experimental
groups. Maternal weight gains were evaluated dur-
ing pregnancy.

For studies some offsprings from control and food
restricted mothers (one from each group) were
delivered by cesarean section at day 21 of gestation.
Other offsprings were spontaneously delivered
through the vagina. After giving birth, all dams were
given free access to food. Weights of pups were
recorded at birth. The offsprings were weaned at 3
week of age and separated into male and female
subgroups. All the offsprings received a regular diet.
At age of 6 and 16 weeks the rats were placed in
metabolic cages for 24 hours for the purpose of mea-
suring their food and water consumption, and urine
output 1 day before their sacrification. Urine sam-
ples were stored at -20°C until assayed.

Anesthesia

The 3 week old rats were anesthetized with ket-
amine (100 mg/kg, ip) and the 6 and 16 week old
rats with a mixture (0.4 ml/kg, ip) of fentanyl (5 ml)
and midazolom (2 ml).
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Measurement of blood pressure and renal blood
flow

Blood pressure and renal blood flow (RBF) were
measured at 16 weeks of age.

The left femoral artery of the 16 weeks old rats was
cannulated with a PE-50 polyethylene tubing, and
left renal artery and vein were visualized by dissec-
tion of the surrounding tissues after anesthesia.
Systemic blood pressures and RBF were recorded
after 1 hour after anesthesia. Systolic blood pressure
(SBP), diastolic blood pressure (DBP) were recorded
with a polygraphic system (MP 100, BIOPAC Systems)
connected to a pressure transducer. Mean arterial
blood pressure (MABP) was calculated from SBP and
DBP. RBF was recorded with a laser Doppler Flow
module (ISO-140, BIOPAC Systems), indirectly 9.
Following the record of RBF, kidneys were removed.

Kidney weight

Kidney weights were measured in fetuses at day 21
of gestation and 3, 6, 16 week-pups. Wet and dry
weights of kidneys and the fractional weights (adjust-
ed to total body weight) were determined. The left
kidney was weighed and dried to constant weight,
and dry weight was determined.

Histological examination

The right kidneys were fixed in formalin and embed-
ded in paraffin. Five-micrometer-thick sections were
stained with hematoxylin and eosin. Histological sec-
tions were evaluated as for number of nephrons,
glomerular volume and development of glomerulo-

sclerosis.

Measurement of glomerular volume: Measurements
of glomerular size were performed in all groups
except for fetuses. In each kidney specimen, 50
glomeruli were selected randomly in serial sections.
The diameters were calculated as the means of the
longest and shortest diameters. The glomerular vol-
ume was determined from the mean glomerular
diameter (d[G]), using the formula 4m(d[G]/2)3/3,
and expressed as 10*xum?3 19,

Determination of the number of nephrons: Nephron
number is expressed as nephron numbers of 3 cortex
fields at 100x magnification in the light microscopy.

Blood samples

Blood samples were taken from the vena cava infe-
rior of the 3 and 6-week-old rats and from the femo-
ral artery of the 16-week old rats.

Blood samples were placed in serum separator
tubes, centrifuged to obtain serum, which was
stored at -70°C until analyzed. Serum samples were
used to measure leptin in the 3-week-old rats and
leptin, creatinine (Cr), sodium (Na), potassium (K),
calcium (Ca), phosphorus (P) and magnesium (Mg) in
the 6 and 16-week old rats. Serum concentrations of
Cr, Na, K, Ca, P and Mg were measured using an
automated analytical system (Konelab60i, Intelligent
Diagnostic Systems, Espoo, Finland). Urine Cr, Na, K,
Ca, P, Mg and protein levels were measured by the
same analytical system. Serum leptin levels were
measured using a commercial kit (mouse Leptin
TiterZyme EIA kit).

Renal clearance studies
It was performed in 6 and 16 weeks old rats.

Urine flow rate (UF) was calculated as the volume of
collected urine divided by the duration of the collec-
tion. The excretion rate of a substance was the urine
concentration multiplied by UF. Glomerular filtration
rate (GFR) was calculated as creatinine clearance (Cr
excretion rate divided by serum concentration).

Statistical analysis

Statistical analyses were carried out using the program
SPSS 11.5 for Windows (SPSS Inc., Chicago, IL, USA).
Results were expressed as the meantSD or as median
values and ranges for continuous variables. Differences
between the control and the experimental groups were
compared using the Student’s T Test or Mann-Whitney
U test. The Spearman correlation was used for testing
correlations between leptin levels and other variables.
P-values < 0.05 were considered significant.
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RESULTS

Maternal weight gain during pregnancy

Maternal weight gain of food restricted mothers
was significantly lower than that of control moth-
ers from 8. gestational day until parturition (Fig.
1).

Body and kidney weights

Birth weights were significantly lower in the off-
spring of food restricted mothers (IUGR: 4,15+0,42 g,
vs. control: 5,09+0,53 g, P=0,0001, n=40 IUGR litters
and 54 control litters).

In the fetuses and in 16 weeks offsprings, body
weight was significantly lower in the IUGR group
relative to the control group. The body weights of 3
week old offsprings did not differ between IUGR and
control rats. Body weights of 6 week old male rats
with IUGR were lower than the age matched con-
trols. Body weights of 6 week old female rats with
IUGR was not different from those of age-matched
controls (Table 1).

Weights of kidney tended to be lower in the IUGR
groups than in controls at all ages studied (Table 1).
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Figure 1. The food restricted rats gained significantly less weight
than the control rats during pregnancy.
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Nephron number, glomerular volume and glomeru-
losclerosis

Number of nephrons significantly decreased in
fetuses, 3 week old males and 16 week old female
offsprings of food restricted mothers than in con-
trols. Glomerular volume was not significantly differ-
ent between IUGR and control groups. However,
glomerular volume was elevated in 6 week offsprings
with IUGR compared with the controls, without any
statistically significant difference (Table 1). In all
groups, glomerulosclerosis was not observed.

Serum leptin level

Serum leptin concentrations significantly increased in
3 week old offsprings with IUGR compared with the
level in control rats (Fig. 2). The leptin levels in 6 week
old IUGR females were higher than controls (Table 2).
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Figure 2. Serum leptin levels in IUGR and controls group at 3
week.

Serum electrolyte and renal clearance studies
There were no significant differences in serum con-
centrations of Cr, Na, K, Ca, P, and Mg between IUGR
and control groups (data not shown).

Urine output did not differ between IUGR and control
groups (data not shown). Urine flow rate, excretions of
Na, K and, Mg were lower in the 16-week IUGR group
(n=13) compared to controls (n=12) (5,65+2,84 vs.
8,05+1,88, P=0,022; 0,53 (0,37-1,05) vs. 0,73 (0,53-
1,07), p=0,019; 0,99+0,34 vs 1,27+0,25, p=0,031; 0,031
(0,010-0,073) vs. 0,054 (0,014-0,070), p=0,034, respec-
tively). and UVP were significantly lower in the 6 week
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Tablo 1. Body and kidney weights, nephron number and glomerular volume.

Body weight Wet kidney wt Dry kidney wt Wet kidney wt Dry kidney wt Nephron Glomerular volume
(8) (mg) (mg) (%) (%) number (10° pm?)
Fetuses
Control (n=11) 2.83(2,47-3,38) 12.2 (10,7-16,7) 1,10 (0,8-2,2) 0,41 (0,38-0,59) 0,041 (0,027-0,078) 22 (14-33) -
1UGR (n=10) 2.58(2,25-2,97) **  10.2 (5,3-12,2) ** 0,95 (0,3-1,2) 0,36 (0,24-0,45) 0,035 (0,013-0,044) 10 (6-17) ** -
Week 3

Male Control (n=5)
Male IUGR (n=12)

28,88 (24,58-30,06)
27,06 (22,55-31,71)

160,7 (127,7-172,2)
133,0 (115,6-172,1)

33,5 (27,5-37,3)
29,1 (25,7-37,9)

0,57 (0,52-0,57)
0,51 (0,49-0,56)

0,122 (0,112-0,127)

119,0 (65-122)

0,114 (0,106-0,123) ** 77,5 (57-98) *

4,58 (3,58-5,55)
4,86 (3,13-6,21)

Female Control (n=16) 27,15 (19,19-31,68) 155,0 (110,4-194,4) 34,7 (23,8-46,2) 0,58 (0,52-0,63) 0,128 (0,114-0,152) 78 (54-140) 4,45 (3,29-5,88)
Female IUGR (n=6) 24,07 (22,75-29,01) 128,7 (119,3-162,9) * 27,3 (26,1-34,7) * 0,54 (0,52-0,56) ** 0,117 (0,111-0,129) ** 75 (50-110) 4,58 (3,38-4,91)
Week 6
Male Control (n=5) ~ 129,2 (125,1-137,6) 603 (590-631) 146.(139-152) 0,47 (0,44-0,50) 0,112 (0,105-0,121) 62,7 (37-91) 12,92 (10,59-27,68)
Male IUGR (n=5) 112,8(83,0-116,2) ** 541 (388-604) * 135(91-137) ** 0,49 (0,46-0,52) 0,118 (0,110-0,121) 60,0 (35-77) 21,80 (14,27-71,57)
Female Control (n=9)  104,7 (94,4-115,7) 516 (484-650) 127 (112-142) 0,50 (0,44-0,50) 0,115 (0,107-0,137) 48 (36-90) 23,68 (11,00-34,33)
Female IUGR (n=7) 96,9 (87,2-128,3) 474 (413-561) 121(102-130) 0,47 (0,42-0,53) 0,117 (0,101-0,127) 56 (52-63) 27,88 (15,84-53,38)
Week 16
Male Control (n=6) 298,5 (284-327) 1035 (995-1131) 255 (241-285)  0,35(0,33-0,37) 0,084 (0,082-0,094) 42,5 (28-58) 43,61 (29,28-54,03)
Male IUGR (n=6) 275,5 (252-286) ** 969 (843-1016) * 242 (211-268) 0,34 (0,33-0,38) 0,088 (0,084-0,096)  34,5(22-40) 40,55 (28,35-53,33)
Female Control (n=6) 196 (164-212) 732 (550-792) 168.5(131-194) 0,37 (0,34-0,39) 0,084 (0,080-0,095) 56,5 (50-63) 35,64 (21,71-55,15)
Female IUGR (n=6) 175 (157-186) * 641 (567-840) 151.5(139-179)  0.36 (0.33-0.50) 0,090 (0,080-0,107) 47 (21-53) * 33,83 (28,46-60,51)
Values are median (range). Statistical comparisons between C and IUGR. *p<0.05, **p<0.01 vs sex-matched controls.
Table 2. Serum leptin levels and renal excretory functions at 6 weeks.
MALE FEMALE
C IUGR (o IUGR

Leptin (pg/ml)

UF rate (pl/min)
GFR (ml/min)
UVNa (umol/min)
UVK (umol/min)
UVPr (ug/min)
UVCa (ug/min)
UVP (pg/min)
UVMg (umol/min)

1040 (256-1528)
5,90 (3,96-7,85)
0,71 (0,51-0,80)
0,64 (0,54-0,73)
0,73 (0,54-0,73)
2,59 (1,42-2,89)
0,80 (0,41-1,86)
2,16 (1,18-4,59)
0,005 (0,003-0,033)

1024 (784-1520)
3,96 (2,36-5,56)
0,48 (0,30-0,76)
0,54 (0,29-0,70)
0,52 (0,32-0,73) *
1,61 (0,57-2,59)
0,99 (0,54-2,03)
1,38 (0,34-1,88) *

0,017 (0,001-0,041)

648 (200-1552)
4,93 (1,81-6,6)
0,35 (0,24-0,68)
0,38 (0,28-0,68)
0,67 (0,19-0,83)
1,38 (0,70-2,54)
0,65 (0,25-0,94)
1,24 (0,38-2,15)

0,004 (0,001-0,033)

1040 (400-1440)
5,69 (2,92-9,31)
0,48 (0,26-0,58)
0,35 (0,25-0,61)
0,52 (0,42-0,94)
1,64 (0,89-3,54)
0,93 (0,51-1,54)
0,77 (0,26-3,45)
0,007 (0,001-0,027)

Values are given as median (range). Statistical comparisons between C and IUGR. *p<0,05 vs sex-matched controls. (n= 3-9 per group).

C= control

Table 3. Serum leptin levels and renal excretory functions at 16 weeks.

MALE

FEMALE

C (n=6)

IUGR (n=6)

C (n=6)

IUGR (n=6)

Leptin (pg/ml)

UF rate (pl/min)
GFR (ml/min)
UVNa (umol/min)
UVK (umol/min)
UVPr (ug/min)
UVCa (pg/min)
UVP (pg/min)
UVMg (umol/min)

2280 (1048-3760)
9,03 (6,60-12,15)
1,03 (0,63-1,28)
0,90 (0,71-1,07)
1,47 (1,17-1,74)
10,26 (7,82-12,91)
1,00 (0,70-1,41)
2,45 (0,84-3,91)
0,059 (0,049-0,070)

2208 (1400-2680)
6,36 (3,40-10,62)
0,87 (0,30-0,89)
0,70 (0,48-1,05)
1,27 (0,72-1,51)
9,23 (7,40-15,10)
0,80 (0,22-1,46)
1,66 (1,33-3,96)

0,037 (0,010-0,073)

908 (800-1120)
6.77 (5,83-8,68)
0.69 (0,52-0,84) *
0.61 (0,53-0,82) *
1.12 (0,87-1,28)
8.77 (0,22-26,51)
1.06 (0,19-2,20)
2.04 (0,20-2,83)

0.053 (0,014-0,061)

928 (560-1920)
4,16 (1,32-7,71)
0,51 (0,40-0,57)
0,45 (0,37-0,55)
0,93 (0,44-1,20)
20,27 (6,60-36,84)
0,87 (0,21-1,63)
2,26 (1,24-3,86)
0,027 (0,011-0,056)

Values are given as median (range). Statistical comparisons between C and IUGR. *p<0,05 vs sex-matched controls.
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Table 4. Arterial blood pressures and renal blood flow of control
and IUGR offspring.
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Table 6. Correlation of serum leptin levels and arterial blood
pressures.

c IUGR P n r J
SBP (mmHg) 119,4+14,2 (12)  114,2412,5 (12) 0,35 SBP 22 0,448 0,037
DBP (mmHg) 88,3+13,5(12)  81,0+10,6 (12) 0,15 DBP 22 0,558 0,007
MABP (mmHg)  103,9+13,4 (12)  97,9+11,2 (12) 0,25 MABP 22 0,513 0,015

RBF (ppm) 348,8+48,5 (11) 281,4+48,7 (11) 0,004

Values are given as mean+SD. The number of animals given in
parentheses

Table 5. Correlation of serum leptin levels and fractional kidney
weight.

n r P

Week 3

Wet kidney wt 36 -0,320 0,057
Week 6

Wet kidney wt 26 -0,652 0,0001
Dry kidney wt 26 -0,486 0,014
Week 16

Wet kidney wt 23 -0,538 0,008

r: correlation coefficient

old IUGR males compared with the control males (Table
2). In 16 week old IUGR female offsprings GFR and Na
excretion were significantly less compared with the con-
trol rats. Protein excretion was higher in the 16 week
female group than control group (Table 3).

Food and water intake

Food intake was significantly less in female IUGR than
control rats (median 9,97 vs. 12,63 g/day; p=0,021 at
6 weeks and median 12,3 vs. 14,9 g/day; p=0,021 at
16 weeks) whereas it was similar in males. Water
intake was significantly less in the 6-week-old IUGR
males versus controls (median 20 vs. 33 ml/day;
p=0.008) and in the 16-week-old IUGR females versus
controls (median 19,5 vs. 27,0 ml/day; p=0.036).

Blood pressure and Renal blood flow

No differences in SBP, DBP, and MABP were observed
in IUGR rats compared with controls. RBF was signifi-
cantly decreased in the IUGR group versus controls
(Table 4). Sex-related differences in RBF were observed.
RBF was significantly lower in the IUGR females versus
controls (median 252.7 vs. 331.6 ppm, p= 0.028). In
contrast, RBF in the IUGR males was similar to thre
controls (median 313.4 vs. 338.5 ppm, p=0.14).
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r: correlation coefficient

Relationships between serum leptin levels and
other variables

For all ages there was a negative correlation between
with leptin levels and fractional kidney weights
(Table 5). Urine output (r= 0,561, p= 0,003), and UF
(r= 0,550, p= 0,004) were positively correlated with
the serum leptin concentration at 6 weeks of age.
Urine output (r= 0,472, p= 0,026), UF (r= 0,472, p=
0,026), UVCr (r=0,571, p=0,005), UVNa (r= 0,466, p=
0,029), and (r= 0,484, p= 0,023) were positively cor-
related with the serum leptin concentration at 16
weeks of age. No significant relationship was found
between UVPr and leptin. There was a positive cor-
relation between BP and serum leptin concentration
(Table 6). No correlation was found between serum
leptin concentrations and RBF rates.

DISCUSSION

Low birth weight due to intrauterine growth restric-
tion (IUGR) leads to various diseases in adult life
(17). In this study, we have investigated the effects of
IUGR on kidney.

In the adverse intrauterine environment, develop-
ment and growth of the brain and the heart are
preserved at the expense of the kidney and other
organs and general somatic growth (18). In the food-
restricted groups, renal weight was lower relative to
the control groups for overall ages in our study.

We have observed that the number of nephrons in
the IUGR groups tends to catch up the controls at
week 3, although renal weight and number of
nephrons in the IUGR group were significantly lower
than the control group in fetuses. The reason for this
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may be that the rat nephrogenesis extends some
days after birth. However, the number of nephrons
in male food-restricted group was still low at week 3.
Number of nephons significantly decreased in IUGR
group than in control in adulthood while they did not
differ between IUGR and control rats at week 6. This
data may be an indicator of the maintaining kidney
damage in the later life. Hence, renal size and abso-
lute or relative number of nephrons were signifi-
cantly lower, even though catch-up growth was
achieved with postnatal normal nutrition; this exact-
ly reflects impaired development of kidneys 9.

After a precocious postnatal period, progressive age-
related changes occur in the glomerular compart-
ment, characterized by increased glomerular volume
and a progressive reduction in the number of glom-
eruli ®, In several intrauterine undernutrition mod-
els with reduced number of nephrons, glomeruli
hypertrophy has been interpreted as a manifestation
of compensatory mechanism “2%2Y In the study
groups, glomerular volume tended to be elevated
only at 6 weeks of age. This tendency was clear par-
ticularly in male offsprings. Our findings are consis-
tent with the findings of Lucas et al. 9.

In this study, we could not demonstrate glomerulo-
sclerosis. We think that glomerulosclerosis could be
seen if a long- term study were performed. Because
Regina et al. ?? reported that in histological evalua-
tion of kidneys of rats which underwent intrauterine
food restriction by 50%, 18-month-old rats present-
ed with glomerulosclerosis, unlike 3-month-old rats,
and age-related structural changes in kidney may
aggravate in rats which subjected to intrauterine
food restriction.

No significant differences were observed between
IUGR and controls rats in terms of blood pressure.
Many previous studies have shown that blood pres-
sure is high in IUGR -induced rats “?°2>2¥ |n these
studies blood pressure was determined in conscious
rats using an indirect method. It has been also noted
that blood pressure is elevated in conscious and anes-

thetized rats as determined using a direct method
629 However, Holemans et al. ®® could not detect
significant differences in blood pressures which were
measured in conscious rats using direct method
between control offsprings and offsprings subjected
to prenatal food restriction. The authors have inter-
preted that balanced food restriction during preg-
nancy has a lesser effect on blood pressure in the
offspring than the restriction of specific nutrients.
Discrepancy between our findings about blood pres-
sure and other various published literature may have
resulted from our measurements performed in anes-
thetized and unconscious rats. It was demonstrated
that juvenile lambs which were exposed to undernu-
trition in early and mid gestation exhibited lower rest-
ing blood pressure but an increased sensitivity to
cortisol and stressor challenges ©Y. Another explana-
tion for this lower blood pressure also may be that
sufficiently longer time was not allowed for the devel-
opment of hypertension. However, it seems that this
disparity is not an overt explanation apart from differ-
ent measurement methods. Since renal blood flow
and GFR were lower compared to controls among
16-week-old rats, it is presumed that serious renal
damage has started in young adults. Furthermore,
number of nephrons significantly decreased, and pro-
tein excretion was higher in addition to decreased
GFR and RBF in the 16-week-old IUGR rats.

Some differences in biochemical measurements of
body composition and urine findings which reflect
renal status were observed in food restricted groups
compared with controls. Urine flow rate, excretions
of Na, K and, Mg were found to be lower in the
16-week food restricted group compared to controls,
except for serum biochemical test results. Protein
excretion was found to higher in this group, without
any significant intergroup differences. These findings
indicate that progressive deterioration exists with
aging in the kidney of the rats subjected to intrauter-
ine food restriction. Battista et al. ® found lower
sodium excretions in 12-week-old offsprings which
were subjected to intrauterine low-sodium diet. The
authors emphasized that urinary sodium is lower in
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females compared with males and this difference
was attributed to less food intake in females. This
explanation may be true. Similarly, in our study also
sodium excretion and food intake were lower in
females. Decreased sodium excretion is probably
due to the efforts to regulate serum sodium level.
Lower potassium excretion was also found in our
study group. This difference was attributed to lesser
food intake in IUGR rats. In our study, lower Mg
excretion was observed in 16-week-old IUGR group.
Diminished Mg excretion may be the result of lesser
food consumption by offspring with IUGR.

Painter R.C. et al. ®? describes that individuals who
were subject to undernutrition in mid-gestation had
higher rates of microalbuminuria at age 50 com-
pared to control individuals. Other studies also
found that there was a close correlation between
low-birthweight and albuminuria level. The experi-
mental studies also reported that proteinuria was
higher in the rats exposed to intrauterine food
restriction #2%22_ |n our study protein excretion was
higher in 16 week -old offsprings with IUGR relative
to controls without any statistically significant differ-
ences. This condition was associated with small
sampling size and very large distribution range of
protein excretion. It was observed that tendency to
proteinuria was higher in female rats. Some studies
have reported that effect of birth weight was more
pronounced in females rather than males ¢339,

A major goal of the present study was to investigate
whether the leptin contribute to IUGR-related alter-
ations in kidneys. Our findings which are in agree-
ment with the literature indicate that serum leptin
levels augment in rats with IUGR with normal post-
natal nutrition in infancy which is catch-up growth
period. Therefore, increased serum leptin levels in
the weaning may be a programming factor for the
endocrine changes which were observed in adult-
hood ©%. Moreover, there was a positive correlation
between body weight and serum leptin concentra-
tion at 6 and 16 weeks old offsprings. This condition
suggests that these rats possess a relative resistance
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against leptin 7, Thus the increasing amount of data
have indicated that individuals who were born with
IUGR had an augmented risk of obesity ©°.

For all ages, there was a negative correlation between
leptin levels and fractional kidney weight. It means
that the less the weight of the kidney is in proportion
to body weight, the higher are the serum leptin levels,
or vice versa. We were not able to find any compara-
tive studies in the literature. These findings can be
interpreted in that the relationship between the leptin
levels and the fractional kidney weight do not have
anything to do with the kidney but results from the
relationship between leptin levels and the body weight.
These higher leptin plasma levels could be related to
the changes of the body weight detected in IUGR.

We determined that there was a positively signifi-
cant correlation between blood pressures and serum
leptin concentrations, which was in concordance
with the literature.

Intravenous, intraperitoneal or local administration
of leptin into the renal artery causes natriuresis and
diuresis without affecting blood pressure, GFR and
potassium excretion, suggesting that the natriuretic
effect of leptin results from inhibition of tubular
sodium reabsorption “%. Gunduz et al. *® found that
long-term leptin infusion increased creatinine excre-
tion in addition to increased sodium excretion. In the
present study, we have demonstrated that serum
leptin level and urine volume were correlated in the
6-week-old rat group while there were positive cor-
relations between leptin and blood pressure; excre-
tions of creatinine, Na and, K at 16-week-old rats.
Our findings are in line with the literature data,
except for potassium excretion. Quantitatively sodi-
um excretion was lower in rats with [IUGR compared
to controls, despite rising effect of leptin on the
sodium excretion. This may be because of dimin-
ished GFR in this group.

The present study supports the assertion that the
leptin hormone which is an important factor in the
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protection of body weight balance assumes a physi-
ological role in the protection of balance between
body fluid and sodium. However, it is not clear
whether hyperleptinemia is a cause or outcome in
these children and rat pups with IUGR during catch-
up growth period. Hence, there is a need for future
studies to elucidate the effect of rising endogen lep-
tin on the renal function.

In conclusion, considerable morphofunctional chang-
es have appeared in the kidney of rat pups that
developed IUGR by intrauterine food restriction.
Temporary increase in serum leptin concentrations
during weaning may not be associated with the del-
eterious structural, and functional effects of IUGR on
kidney at least until early adulthood. Further studies
are necessary to determine precisely the role of
increased endogenous leptin in the renal function
and hemodynamic changes in catch-up growth peri-
od in those with IUGR.
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