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ABSTRACT 

 
Background: Intrauterine growth restriction (IUGR) is an important perinatal 
problem that poses several serious short- and long-term adverse effects on health. 
Lead is a common environmental and industrial pollutant. Although, a variety of 
unfavorable effects of lead may be concerned; the knowledge about its negative 
developmental effects and its pathophysiological mechanisms remain uncertain. This 
study aimed to verify the role of adipocytokines, oxidative markers and growth factors 
programmed alterations in pathophysiology of IUGR induced by lead in albino rats 
also; to investigate the potential role of melatonin or continuous light or darkness as 
prophylactic against IUGR. Methods: All pregnant rats except two control groups 
(saline and melatonin) were given lead in drinking water throughout the pregnancy. 
Some pregnant rats were co-administered 10 mg/kg melatonin SC while, others were 
exposed to lead simultaneously with continuous darkness or light. Half of dams in 
each group were delivered spontaneously for following up their weight, pups weights 
(BW), crown-rump and tail lengths and pups survival rate after 21 days (PND21). 
The other half of the dams were delivered by laparotomy for detection of placenta 
weight and lead concentration in placenta.  Results: As expected, exposure to lead 
resulted in decreasing all physical characters of fetus at PND 0 and 21. Of interest, 
melatonin supplementation or continuous darkness throughout the pregnancy 
ameliorated lead-induced IUGR characters. The counterbalance role of melatonin 
may be mediated by a significant adjustment of lead-induced alternations in the levels 
of adipocytokines (TNF-a, IL-6 and ghrelin) and growth factors (platelet-derived 
growth factor, placental growth hormone, transforming growth factor-a and insulin 
growth factor-1), nitric oxide and oxidative markers. Therefore, melatonin or its 
stimulator may represent a therapeutic option for IUGR and other perinatal 
complications. 
 

INTRODUCTION 
 

Intrauterine growth restriction 
(IUGR), the inability of the fetus to 
reach its normal growth potential, 
constitutes an important problem 
associated with increased perinatal 
morbidity and increased risk of adult 

disease(1). There are numerous causes 
of IUGR such as genetic 
abnormalities and negative 
environmental factors as chemicals 
and drugs(2) however; the 
pathophysiological mechanisms 
underlying IUGR remain to be fully 
debated. Lead is a common 
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environmental and industrial pollutant 
that produces various toxic effects in 
man and in experimental animals(3). 
Exposure to lead may occur through 
ingestion(4) and through placenta in 
pregnancy(5). There is no placental 
fetal barrier against lead transportation 
so maternal and fetal blood lead levels 
are nearly identical. A variety of 
detrimental adverse effects of lead, as 
encephalopathies and neuropathies(6), 
may be troubled however; the 
information about its effect on fetal 
growth remains uncertain.  

   IUGR is known to alter the 
development of fetal adipose tissue(7). 
Body fat mass exhibits a marked 
decrease in IUGR fetuses however, 
visceral adipose tissue is relatively 
increased(7) which modulates the 
production of adipocyte-derived 
hormones (adipocytokines) as IGF-1, 
ghrelin, TNF-a and IL-6 that 
implicated in fetal growth 
regulation(8&9). Although, the 
physiology of adipocytokines in early 
life was evident but conflicting data 
exist in the literature as regard their 
role in the IUGR state. Ghrelin is an 
endogenous multifunctional peptide 
not only predominantly produced by 
the stomach(10) but also by many other 
tissues as the placenta(11). 
Physiological functions of ghrelin 
have demonstrated that, in addition to 
stimulating GH secretion, ghrelin also 
stimulates fetal development(12&13), 
food intake(14), cell proliferation, and 
apoptosis(15).   

The growth factors as insulin-like 
growth factor (IGF) and transforming 
growth factor beta (TGF-β) are most 
important during early pregnancy as 
they perform many physiological 
functions as fetal growth, 

development and placental 
maturation(16). Also, they have an 
important central function in mitosis 
and cell differentiation[17]. In addition, 
Placental growth hormone (PGH)(18) 
and platelet-derived Growth Factor 
(PDGF)(19) play a significant role in 
blood vessel formation (angiogenesis) 
therefore; their deficiencies will 
impair placental angiogenesis(18) that 
interferes with normal fetal growth 
steps. Pregnancy, mostly because of 
the increased oxygen requirement and 
mitochondria-rich placenta, is a 
condition exhibiting increased 
susceptibility to oxidative stress 
however; antioxidants also increase to 
offset these adverse effects(20). The 
link between fetal oxidant and 
antioxidant status and the 
development of IUGR is uncertain.  

Melatonin, hormone of darkness, 
plays a fundamental role in the 
neuroimmuno-endocrine system in 
addition to its potent antioxidant 
effect(21). Serum melatonin levels in 
maternal circulation showed a diurnal 
rhythm that was an important signal 
for the fetus to entrain the light–dark 
rhythm of the newborns after 
delivery(22). In addition, the 
antioxidant’s natural levels are high 
during the night and low during the 
day as melatonin peaked during the 
scotophase, but was almost 
undetectable in the light(23). Therefore, 
we hypothesize that melatonin may 
have a protective effect on lead-
induced IUGR. However, it is not 
clear whether melatonin or exposure 
to constant darkness or light can 
modulate the levels of adipocytokines, 
oxidative markers and growth factors 
in maternal and fetal blood.   
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This study was hypothesized that 
exposure to lead induces a model of 
IUGR also; supplementation with 
melatonin possibly may improve these 
changes and normalize fetal growth. 
Accordingly, the objectives of this 
research were to verify growth factors, 
adipocytokines programmed 
alterations in IUGR offspring whose 
mothers were exposed to lead and to 
investigate the potential role of 
maternally administered melatonin or 
exposure to continuous light or dark 
as counterbalance against lead 
induced IUGR via monitoring 
physical, biochemical and structural 
changes. 
 
MATERIAL & METHODS 

 
Chemicals:  

Lead acetate and melatonin were 
purchased from SIGMA-ALDRICH, 
Chemicals Co. Vit E was obtained 
from Oxford Laboratory Reagent. 
Animals and maintenance:  

All experiments were carried out 
with adult (3 months) female Wister 
albino rats weighing 140-150 g that 
were disease free and obtained and 
maintained in the Assiut University 
Animal Nutrition and Care House. 
The experimental protocol was 
approved by the Institutional Animal 
Research Committee of the Faculty of 
Medicine, Assiut University, Egypt, 
and follows the published guidelines 
and regulations. The animals were 
housed in a temperature-controlled 
room (25 ± 1°C) with alternating 12 
hour light and dark cycles( lights on at 
0700 h, 300 lux) and kept free on a 
standard diet  (composed of water 9%, 
protein 12%, fat 4%, carbohydrate 
50%, fiber 17% and ash 8%) and tap 

water add libitium(24). They  were 
caged in groups of five and these 
standard conditions were maintained 
throughout the experiments, except 
for pregnant rats that were housed at 
groups of two or three until gestation 
day 20, when they were individually 
caged for delivery.  
Experimental Design:  

One male albino rat was 
introduced into a cage with two 
female rats at 2:00 P.M. At 10:00 
A.M. (±30 min) the next day, the 
males was turned to their separate 
cages. In the next morning, vaginal 
smears were taken from mated 
females and pregnancy was 
determined by the presence of vaginal 
plug and/or viable sperm in the 
smears, which denote the first day of 
gestation (GD1) (Al-Khfaji et al., 
2011).  

Once pregnancy was confirmed, 
the pregnant female rats were 
randomly and equally alienated into 
six groups. The first group (saline 
control group) received the saline 
while the second group (melatonin 
control group) was given 10 mg/kg/d 
melatonin SC form GD 0 till delivery 
at 5 p.m. Melatonin was dissolved in 
3% absolute ethanol: saline. The third 
group (IUGR model group) was 
exposed to 500 mg/kg lead in drinking 
water daily throughout the pregnancy 
while rats of the fourth group (IUGR 
+ melatonin group) were given lead 
simultaneously with 10 mg /kg/d 
melatonin SC. The fifth   (IUGR + 
darkness, DD) and sixth group 
((IUGR +light group, LL) the rats 
were allowed to move freely in cages 
under light (7:00– 19:00 h) and dark 
(19:00–7:00 h) to adapt experimental 
conditions thereafter, they were 
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exposed to lead and constant darkness 
(weak red light (<2 lux) known to 
produce no inhibition of melatonin 
synthesis or constant light (continuous 
fluorescent illumination (LB-40, 200 
lux) at the cage level form GD 0 till 
delivery. The doses of lead and 
melatonin were selected on the basis 
of those reported in the literature (26 
and 27 respectively). 

Half number of dams in each 
group was allowed to deliver 
spontaneously, the day of delivery 
was defined as postnatal day 0 
(PND0) then mothers and their pups 
were weighed and pups were counted 
at PND 0. Thereafter these pups were 
preserved for following up their body 
weights (BW) and survival rate after 
21 days (PND21) to clarify if the 
effect of exposure to lead during 
pregnancy was continuous postnatal 
or not. Other half was preserved until 
the day 18 (GD18) of pregnancy then 
laparotomy(28) was done to gain the 
placenta for weighing, 
histopathological studying and 
measuring placenta lead concentration 
in each. The fetuses of laparotomy 
dams were sacrificed for collecting 
blood sample pool.   
Physical assays:  

Body weight of each female rat 
(at the start of the experiment and just 
after delivery at PND 0), each pup 
weight in each group immediately at 
PND 0 and at PND 21 as well as 
placental weight of each pup in all 
groups were recorded. In addition, 
Crown-rump and tail lengths were 
measured and the number of living 
pups /dam was counted at PND0 and 
PND 21 in each group. 
 
 

Food consumption:  
Food was placed in a small 

stainless steel jar (4 oz) inserted into a 
larger jar (16 oz) to collect 9any 
spilled food. The spelled food was 
calculated and added to subsequent 
feeds. The feeder stainless steel jars 
were refilled daily. Average daily 
food consumption were calculated.  
Blood collection:  

Blood sample was collected at 2 
p.m. from pups at (PND0) by 
incisions in the head(29) using glass 
capillary tube (samples from all pups 
/dam were collected as a single pool). 
Maternal blood sample was also 
collected from retro-orbital venous 
plexus of mother delivered by 
laparotomy under diethyl ether 
anesthesia (Nakajima et al., 2008). 
Half amount of the blood samples 
were centrifuged for 10 min at 3000 
rpm then the sera were kept at -70ºc 
until assay of growth factors as 
(PDGF, PGH, IGF-1 and TGF-a), pro-
inflammatory molecules (TNFa and 
IL-6) and oxidative biomarkers as 
nitric oxide, total lipid peroxides 
(TLP), total antioxidant capacity 
(TAC), and oxidative stress index 
(OSI). Another part of blood was 
collected into a tube containing EDTA 
aprotinin (500 kallikrein inhibitor 
units / ml) (Roche Diagnostics GmbH, 
Mannheim, Germany) and was 
centrifuged to separate plasma which 
stored and used for measuring ghrelin 
concentrations  
Laboratory assays: 
 Serum PDGF is assayed by 

spectrophotometric measurement of 
the free pyrimidine base (Socca, 
1978).  

 Enzyme immunoassay was done for 
estimation of serum level of PGH 
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(catalogue no. BIO65YC2), IGF-1 
(catalogue no. BIO65YZ2), TGF-a 
(catalogue no. BIO62YB1), TNFa 
(catalogue no. KAC 1571), L-6 
(Cat. No. M1916) and ghrelin 
(catalogue no. BIO87YZ1) by using 
Biosurce Europe commercial kits 
with monoclonal antibodies against 
each substance and following the 
directions supplied with each kit. 
The apparatus used was Ansoth 
2000, manufactured in Austria. 

 Measurement of total serum lipid 
peroxide concentration was done by 
using the ferrous oxidation in 
xylenol orange by 
spectrophotometer(30).  

 Measurement of the TAC in the 
serum was carried out 
colorimetrically by an enzymatic 
reaction(31).  

 Calculation of OSI: The ratio 
percentage of the total peroxide to 
the total antioxidant potential gave 
the OSI, an indicator of the degree 
of oxidative stress(32).  

 Serum nitric oxide concentration 
(NO) was determined by evaluating 
its oxidation products (nitrates and    
nitrites) by using Griess reaction(33).  

 Estimation of lead concentrations in 
placenta Atomic Absorption 
Spectrophotometer Graphite tube 
technique (Analytikjena Company) 
according to the method described 
by(34). 

Histopathological examination:  
A placental specimen from all 

mothers delivered by laparotomy was 
collected by direct visualization of the 
placental attachment site for 
histopathological examinations. 
Data analysis:  

Data are expressed as mean ± SE 
for all parameters. Statistical analysis 

was carried out using Graph Pad 
Prism software (version 4.03). First, to 
compare the difference within groups 
the Friedman analysis of variance 
(ANOVA) followed by Dunn’s 
method was used. Second, to compare 
the differences between the controls 
and other group, the Mann/Whitney 
U-test was used. The level of 
statistical significance was P <�0.05 
for all statistical evaluations. 
 

PRESENTATION OF THE 
RESULTS 

 
Exposure of rats to lead through 

out the pregnancy succeeded to induce 
IUGR model associated with placental 
atrophy and insufficiency as well as 
disturbance of growth factors that 
might explain this growth retardation. 
Administration of melatonin or 
continuous darkness prohibits these 
detrimental effects. Control melatonin 
group shows the same results as 
control saline. A summary of the 
results is shown in tables 1, 2 and figs. 
1-4. 
1- Effect on physical measures: 

It has been seen in table (1) that 
fetal survival rate, fetal BW, fetal 
crown -rump length, fetal tail length at 
PND0 and PND21 and placental 
weight decreased significantly, in 
IUGR model group, while the 
maternal BW and food consumption 
changed non significantly and fetal 
crown -rump length at PND21 
couldn't measure. The significant 
amelioration effects of melatonin in 
the previous findings were obvious 
than exposure to continuous darkness 
however, exposure to continuous light 
hasn't any improvement sign.  
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2. Effect on maternal and fetal 
serum growth factors: 

Administration of 500 mg/kg lead 
in drinking water through out the 
pregnancy induced a significant 
(***P<0.001) reduction of maternal 
and fetal PDGF & IGF-1 but 
increased the levels of PGH and TGF- 
a as compared with the age matched 
saline control (figure 1). Simultaneous 
injection of rats with 10 mg melatonin 
/kg/ day through out the pregnancy 
significantly inhibited the lead 
induced alterations in measured 
growth factors as well as. 
Interestingly, continuous exposure to 
light had no any correction effect 
while continuous darkness had 
significant protection effects similar to 
melatonin administration (figure 1).  
3. Effect on maternal and fetal 
circulating adipocytokines:  

IUGR rat model shows a 
significant (**P<0.01, ***P<0.001) 
increase  plasma ghrelin concentration 
in fetal samples and IL-6 in maternal 
samples only while proinflammatory 
cytokines TNF-a in maternal and fetal 
serum while as compared with the age 
matched saline control. Both 
melatonin and continuous exposure to 
darkness modulated the alternation in 
the recorded circulating 
adipocytokines (Fig. 2). 
4. Effect on maternal and fetal 
serum nitric oxide and oxidative 
biomarkers:  

There were a significant 
(***P<0.001) increase maternal and 
fetal serum nitric oxide, total lipid 

peroxide and oxidative stress index 
while decrease total antioxidant 
capacity after given lead acetate 
relative to control saline group. 
Melatonin administration succeeded 
in correction the lead induced 
oxidative biomarkers changes more 
noticeable than exposure to 
continuous darkness (Figure 3). 
5. Effect on placental lead 
concentration:   

Results presented in figure (3) 
illustrate that oral administration of 
lead during pregnancy induced highly 
significant increase in placental lead 
concentration relative to the control 
saline (255.80 ± 5.85 mg/g versus 
0.00 ± 0.00 mg/g, P<0.001). While, 
prophylactic SC injection of10 mg 
melatonin/ kg/ day and continuous 
exposure to darkness significantly 
reduced the elevated lead 
concentration but exposure to light 
exerted a non significant change in 
placental lead concentration. 
6. Effect on Histological findings: 

The placental structure of the 
IUGR model group showed focal 
necrosis, vacuolated cells with 
fragmentation of their nuclei in the 
deciduas, degeneration and necrosis in 
trophoblastic giant cells with 
hemangiomatous lesion. However, 
melatonin administration was 
superiorly than continuous darkness in 
improving the placenta damage as 
indicated by preservation of the 
general histological appearance of 
most layers and decreased the 
frequency of degenerated (figure 4). 
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Table 1: Effect of melatonin, continuous light or darkness on fetal survival rate at 
PND21, BW(g) of spontaneously delivered mothers at the start of experiment& at 
PND0, FBW, fetal crown- -rump length and tail length at PND0 & PND21, placental 
weight and Food consumption in IUGR model of rats . 

Parameter/ 
Groups 

Group1 
(Control 
Saline) 

Group 2 
(Control 
Melatonin) 

Group 2 
(IUGR model) 

Group 4 
(IUGR 
model+ 
Melatonin 

Group 5 
(IUGR 
model + 
DD) 

Group 6 
(IUGR model 
+LL) 

Fetal  survival rate 
at PND 21 (% of 
living fetus) 

32 /46 
(69.6%) 

31/45 
(68.8%) 

27/44 (61.4%) 30/46 
(65.2%) 

29/44 
(65.9%) 

25/43 (58%) 

M BW (g) at start 
of experiment 

142.8±1.22 142.5±1.18 142.5±1.1 143.5±1.2 144.3±1.3 141.7±1.17 

M BW (g) At PND 
0 

171.40±3.7 170± 3.1 163 ±2.1 170.6± 2.9 169± 3.1 164.3 ± 1.022 

FBW at PND 0 (g) 6.16±0.07 6.00±0.04 5.50±0.05 ***  
 
(89%) 

5.8 ± 0.05 €€  
 
(94%) 

5.83±0.05 
€€ 
(96.6%) 

5.10±0.04 
 
(82%) 

FBW at PND 21 
(g) 

46.13 ±0.52 44.9±0.48 41.96 ±0.32 *** 
(91%) 

44.38±0.66 
€€ (96%) 

43.70±0.64 
€ (95%) 

40.70±0.29 
(88.5%) 

Fetal  crown -rump 
length (mm) at 
PND0 

34.11 ± 0.39 34.82 ± 0.40 30.36 ± 0.31 *** 
(84%) 

32.32 ± 0.25 
€€€ 
(95%) 

31.76 ± 0.27 
€€  
(93%) 

30.74 ± 0.27 
 
(90%) 

Fetal tail length 
(mm) at PND0 

13.39 ± 0.37 13.09 ± 0.30 11.70 ± 0.22***  
 
(86%) 

12.30 ± 0.15€ 
 
(91%) 

12.52 ± 0.16 
€€ 
(93.5%) 

11.79 ± 0.23 
 
(88%) 

fetal crown -rump 
length (mm) at 
PND21 

- - - - - - 

Fetal  tail length 
(mm) at PND21 

50.98 ± 1.01 48.78± 1.01 36.61 ± 0.69*** 
(72%) 

42.85 ± 0.74 
€€€ 
(84%) 

43.14 ± 0.68 
€€€ 
(85%) 

37.98 ± 0.52 
 
(74.5%) 

Pl.  weight (g) 0.63±0.01 0.64±0.01 0.48±0.01*** 
(76%) 

0.57±0.01 
€€€ 
(90.5%) 

0.52±0.01 
€€ 
(83%) 

0.44±0.01 
(69%) 

Food consumption 
(g/kg/ d) 

5.05±0.29 5.45±0.3 4.60±0.24 5.38±0.27 5.10±0.34 5.20±0.3 

Values represent mean ±SE and were analyzed by a t test (No. of pregnant rats delivered 
spontaneously =6 in each group). PND= postnatal day, M= maternal, BW= body weight, F= 
fetus delivered spontaneously, Pl. = placenta of laparotomy subgroup. DD= continuous 
darkness, LL= continuous light. *P<0.001, **P<0.01, significance versus the control saline 
group; € P<0.001, €€ P<0.01, €€€ P<0.001 significance of versus the IUGR model group, %  
change from control. All pregnant except controls (either saline or melatonin) received 500 
mg/kg lead in drinking water daily throughout the pregnancy; IUGR model group received lead 
only; IUGR model + melatonin group received both lead and 10mg/kg melatonin, IUGR model 
+DD group exposed to lead with continuous darkness, IUGR model +LL group exposed to lead 
with continuous light 
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Figure 1: Effect of melatonin, continuous light or darkness on maternal and fetal 
serum levels of  growth factors as PGH, PDGF, TGF-a and IGF-1 in IUGR 
model of rats. All pregnant rats except controls (either saline or melatonin) received 
500 mg/kg lead in drinking water daily throughout the pregnancy, IUGR model + 
melatonin group received both lead and 10mg/kg melatonin, IUGR model +DD group 
exposed to lead with continuous darkness, IUGR model +LL group exposed to lead 
with continuous light; These parameters were measured in half number of dams in 
each group (n=6) which were delivered by laparotomy and in their pups.  Significant 
levels ***P<0.001 as compared with control saline;  €P<0.05, €€P<0.01, €€€P<0.001 
versus  IUGR group. 
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Figure 2: Effect of melatonin, continuous light or continuous darkness on 
maternal and fetal blood levels of adipocytokines as pro-inflammatory molecules 
(TNF a and IL-6) and ghrelin in IUGR model of rats. All pregnant rats except 
controls (either saline or melatonin) received 500 mg/kg lead in drinking water daily 
throughout the pregnancy, IUGR model group received lead only; IUGR model + 
melatonin group received both lead and 10mg/kg melatonin, IUGR model +DD group 
exposed to lead with continuous darkness, IUGR model +LL group exposed to lead 
with continuous light; These parameters were measured in half number of dams in 
each group (n=6) which were delivered by laparotomy and in their pups. Significant 
levels **P<0.01,***P<0.001 as compared with control saline. €P<0.05, 
€€P<0.01versus IUGR model group. 
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Figure 3: Effect of melatonin on maternal and fetal serum levels of nitric oxide, 
total lipid peroxide, total antioxidant capacity, oxidative stress index and 
placental lead concentration in IUGR model of rats. All pregnant rats except 
controls (either saline or melatonin) received 500 mg/kg lead in drinking water daily 
throughout the pregnancy, IUGR model group received lead only; IUGR model + 
melatonin group received both lead and 10mg/kg melatonin, IUGR model +DD group 
exposed to lead with continuous darkness, IUGR model +LL group exposed to lead 
with continuous light. These parameters were measured in half number of dams in 
each group (n=6) which were delivered by laparotomy and in their pups. Significant 
levels are *P<0.05 and **P<0.01 as compared with control saline group. €P<0.05, 
€€P<0.01, €€€P<0.001 as compared with the IUGR model group. 
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Figure4: histopathological changes in rat placenta of all studied groups showing 
focal necrosis, vacuolated cells with fragmentation of their nuclei in the deciduas, 
degeneration and necrosis in trophoblastic giant cells with hemangiomatous 
lesion in IUGR model group. Melatonin administration produced improvement 
the placenta damage as indicated by preservation of the general histological 
appearance of most layers and decreased the frequency of degenerated 
superiorly than continuous darkness. Continuous exposure to light didn't correct 
the degeneration happened in placenta. DD= continuous darkness, LL= continuous 
light, 
 
 
  

DISCUSSION 
 

The prevalence of IUGR is 
progressive worldwide, therefore, 
IUGR is an important burden on the 
public health not only because the 
dynamic association between the 
condition and perinatal mortality(35), 
but also as it concerns with increasing 
susceptibility for chronic diseases in 
adults(35). As human studies can be 
limited by small sample sizes and 

uncontrolled variables, animal models 
have been used to yield more 
reasonable analyses(36). Given 500 
mg/kg lead in drinking water daily 
throughout the pregnancy to female 
rats, we attempted to mimic a model 
of IUGR. Somatic growth inhibition 
of IUGR group in terms of fetal body 
weight and crown- -rump length and 
tail length continued to be significant 
at PND1 and PND 21 with only 
survival rate decreased at PND 21 in 
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addition to significant reduction of 
placental weight. These findings 
documented the suppression effect of 
lead on growth of the fetus that 
persists until PND 21 even after stop 
prenatal exposure to lead. The 
previous results go in line with 
atrophic changes and degeneration of 
all layers of placenta of IUGR model 
which documented by 
histopathological examination of 
placenta that concur with the results of 
Motao et al. (2010). However, there 
was no difference in food 
consumption in IUGR group of the 
current study also; Maternal BW at 
PND 0 decreased non-significantly 
which coincide with the results of 
Estefania et al.(38).  

The pathophysiological 
mechanisms contribute to lead 
induced IUGR were proved by 
measuring the related growth factors, 
adipocytokines and oxidative indices. 
PGH is concerned with control of fetal 
growth(39) as it enhances the supply of 
fatty acids and glucose to the 
placenta(40). There is a wide 
controversy in the level of PGH in 
case of IUGR. Chellakooty et al.(41) 
reported a reduction of maternal 
serum levels of PGH in cases of 
pregnancies complicated by IUGR as 
its origin from placenta and most of 
placenta dependent substrates 
decreased. While, in the present study, 
the level of PGH increased 
significantly in maternal and fetal 
serum of IUGR model group that goes 
in line with the results of Mittal et 
al..(42) and Krauss et al.(43) who 
demonstrated an increase PGH and its 
mRNA in second half of IUGR 
pregnancies of human or experimental 
animals. High serum level of PGH 

would be considered as a 
compensatory mechanism to preserve 
fetal growth because it increases 
substrate supply to the fetus(42).  

TGF-β is a fundamental inducer 
of α-smooth muscle actin (α-SMA) 
that influences the contractile force of 
placental myofibroblasts and 
consequently placental and umbilical 
artery blood flow(44). Therefore, 
increase the levels of TGF-β and α-
SMA are responsible for increased 
impedance to placental blood flow 
visible in case of IUGR(45). These data 
go in line with the significant increase 
in the levels of TGF-β observable in 
maternal and fetal serum of IUGR 
model of this study. Consequently, the 
mechanisms of IUGR may be 
contributed to increase TGF-β leading 
to dysregulation in the synthesis of α-
SMA with decreased placenta blood 
flow(46).  

IGF-1 is related to length and 
weight gain in the prenatal and the 
early postnatal periods(47) 
consequently, a significant reduction 
of IGF-1 proved in this work in fetal 
serum of IUGR model could confirm 
its role in IUGR. Forbes and 
Westwood(16) added that IGF-1 
regulates placental growth and 
development consequently; 
manipulation of the placental IGF axis 
may propose a potential therapeutic 
route to improve inadequate placental 
growth and IUGR. The PDGF and 
their receptors have been shown to 
promote cellular responses such as 
proliferation, survival, and migration, 
thus they are important mediators of 
fetal development(48) that agree with 
the recorded decreased maternal and 
fetal serum PDGF in IUGR model of 
this study. Consequently, the 
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reduction of PDGF in IUGR case 
verifies its regulatory effect on 
trophoblast proliferation(48) 

Adipose tissue monocytes and 
macrophages produce inflammatory 
cytokines, such as TNF and IL6, 
which also produced by the placenta 
during pregnancy(49). These cytokines 
appear to protect the fetus and 
placenta from being rejected, and aid 
in the maintenance of normal 
pregnancy(49). In the present work, the 
maternal and fetal levels of IL-6 and 
TNF greatly increased in IUGR model 
that goes in line with the study of 
Street et al.(50) who contributed this 
change to hypoxia and/or nutrient 
deficiency. Controversy, Odegard et 
al. (51) recoded a reduction of IL-6 in 
case of IUGR due to impaired 
trophoblast function and severe 
placental insufficiency. Therefore, 
fetomaternal immunological 
interaction may be one of the 
predisposing factors of IUGR 
condition(52&53).  

Placenta-derived ghrelin is 
involved in the modulation of growth 
hormone release, placental cell growth 
and differentiation as well as 
regulation fetal development during 
the late stages of pregnancy(54). 
Maternal and fetal plasma ghrelin 
concentrations increased significantly 
in IUGR model of the current work 
that coincides with the result of 
Nagata et al.(55) who found that food 
restricted offspring had higher ghrelin 
gene expression in the stomach and 
plasma. Also, Hamilcikan et al. (56) 
reported that plasma ghrelin levels 
were elevated in IUGR newborns rats 
that attributed to under-nutrition state 
and represent a compensatory 
mechanism of fetuses(56). Also, Nagata 

et al.(55) added that ghrelin 
concentrations were inversely 
correlated with several growth-related 
somatic parameters and the IGF-I 
concentration in the fetus. 

In the current work, the elevated 
concentration of NO in maternal and 
fetal sera in the IUGR group could 
represent an adaptive mechanism for 
IUGR as increase NO production 
leads to maintain homeostasis, 
improve blood flow in the feto-
placental unit and decrease platelet 
adhesion in the utero-placental 
circulation(57). They refer the 
significant increase NO to direct 
stimulation of the NOS gene 
transcription or expression. On the 
other hand, Azhdar et al..(58) reported 
that exposure of rat to lead decreased 
NO level due to changes in NO 
pathway. This contradictory may be 
due to inconsistency in dose, duration, 
route of administration and animal 
species.  

Oxidative stress is present in both 
small and large gestational age 
newborns, however, alteration in 
maternal oxidant and antioxidant 
status only in IUGR (59) which 
concur with the finding of the present 
study as maternal and fetal serum 
levels of lipid peroxide and oxidative 
stress index increased in IUGR model 
but TAC decreased. Also, Harishekar 
and kiran,(60) found that exposure to 
lead induced oxidative stress via 
oxidation of fatty acid of cell 
membrane which increases lipid 
peroxide, inhibits functional 
sulfhydryl groups in several 
antioxidant enzymes that decrease 
total antioxidant capacity and increase 
oxidative stress(61). They added that 
high lipid peroxide in case of lead 
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exposure will inhibit free radical 
scavenging enzymes and induce cell-
membrane dysfunction and damage 
DNA and mitochondria either directly 
or indirectly by depleting the 
endogenous thiol-containing 
antioxidant glutathione. Moreover, 
Ullas et al.(62) reported that lipid 
peroxide increased in IUGR women 
group than control group suggesting a 
vital role of lipid peroxide in IUGR.  

Administration of melatonin and 
continuous darkness, in current study, 
succeeded to alleviate the somatic 
growth inhibition at PND0 and persist 
until PND21 that may be contributed 
to the recorded improvement in 
placenta weight as evident by Lemley 
et al.(63). They found that melatonin 
can negate the consequences of IUGR 
by enhancing placenta efficiency and 
placenta perfusion either directly 
through melatonin receptor(63) or by 
impeding oxidative stress in placental 
vascular beds through its antioxidant 
effect(64). These findings parallel to 
the results of the current study as 
melatonin administration to IUGR 
model suppress oxidative stress 
markers in fetal and maternal serum. 
Moreover, Bubenik,(65) suggested the 
positive effect of melatonin on fetal 
body weight may be via increase 
nutrient absorption in the intestine or 
reducing maternal utilization of 
nutrient. Also, Melatonin may 
contribute to feto-placental 
development and the maintenance of 
pregnancy by stimulating 
progesterone production, while 
inhibiting the synthesis of 
prostaglandins and uterine 
contractility(66). 

In addition, Aydogan et al.(67) 
reported that melatonin indirectly 

scavenging NO by suppressing the 
inducible nitric oxide synthase gene 
(iNOS) or directly scavenge free 
radicals NO that coincide with the 
reduction in the raised level of NO in 
maternal and fetal blood in this study. 
Additionally, the amelioration effects 
of melatonin on lead induced IUGR in 
the current investigation, were 
mediated, by adjustment of the altered 
growth factors and adipocytokines and 
prevent the induced structural 
degeneration of placenta that support 
by study of Laliena et al. (68). 
Administered melatonin attenuates 
inflammation and regulates 
proinflammatory and anti-
inflammatory cytokines(68).  

Interestingly, decreased 
scotophase concentrations of 
melatonin have been associated with 
severely compromise pregnancies in 
humans(23&69) and administration of 
melatonin may improve fetal growth. 
This finding concurs with significant 
improvement, in the present work, of 
somatic growth parameters in rats 
kept in continuous darkness  while 
negative effects of continuous light on 
fetal growth as serum level of 
melatonin is clearly influenced by the 
photophasic rhythms(23).  
Conclusion:  

IUGR model induced by maternal 
exposure to lead through out the 
pregnancy characterized by 
suppression of fetal somatic growth 
with degeneration of placental that 
attributed to trouble of growth factors, 
adipocytokines and oxidant and 
antioxidant system. Maternal 
administration of melatonin or 
continuous exposure to darkness in 
IUGR model improved the negative 
growth pattern of lead and returned 
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the balance in the biochemical 
mediators. 
Recommendation:  

Monitoring the risky pregnant 
females who are exposed to 
environmental lead should be done 
regularly to detect as early as possible 
IUGR by physical and biochemical 
parameters. Also, direct the pregnant 
female to increase the duration of 
darkness to allow increase nature 
secreted melatonin. The next step will 
be to qualify applicable studies on 
human as well as more detailed 
molecular studies should be done in 
the future. 
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   الأكسدة وعلامات عوامل النموللاديبوسيتوكينات و  المبرمجة التعديلات
  الميلاتونين أھمية مع الفئرانفى  داخل الرحمتأخر نمو الأجنة   في  

  
  أميمه جلال أحمد وإيمان أحمد نجم

 كلية الطب جامعة أسيوط -قسم الفسيولوجى 
  

 آثار ضارة قصيرة وطويلة حيث أن له عدة محيطة بالولادةفي الفترة ال مشكلة ھامةيعتبر تأخر النمو داخل الرحم 
 الآثار السѧلبية  على الرغم منوحيث أن مادة الرصاص تعتبر من ملوثات البيئة المعروفة و  .على الصحة الأجل

الاديبوسѧѧيتوكينات  دور التحقѧѧق مѧѧن ھѧѧدفت الدراسѧѧة إلѧѧىو ت. لكѧѧن تѧѧأثيره علѧѧى نمѧѧو الجنѧѧين غيѧѧر مثبѧѧت للرصѧѧاص
للتحقيѧق ؛ أيضѧا فѧي الجѧرذان الرصѧاص الناجم عنتأخر النمو داخل الرحم و عوامل النمو فى  كسدةالأ وعلامات

 جميѧعل وقѧدمت. تأخر النمو داخѧل الѧرحم ضدللوقاية  المستمر الظلام أو أو الضوءللميلاتونين الدور المحتمل  في
وقѧد أدى التعѧرض . طѧوال فتѧرة الحمѧل فѧي ميѧاه الشѧرب الرصاص مجموعات المراقبة باستثناء الفئران الحوامل

 للظѧلامو التعѧرض  الميلاتѧونينجنين وقѧد أثبѧت البحѧث أن إعطѧاء كافѧة معѧاير النمѧولل الى تنѧاقص فѧى للرصاص 
 الوقائى للميلاتونين ووجد أن الدور. أحدث تحسن ملحوظا فى نمو الجنين داخل الرحم طوال فترة الحمل المستمر

قѧѧد أثبѧѧت البحѧѧث أن . وو عوامѧѧل النمѧѧ الأكسѧѧدة لاديبوسѧѧيتوكينات وعلامѧѧاتا عѧѧن طريѧѧق تنظѧѧيم مسѧѧتوياتكѧѧان 
  .الأخرى والمضاعفات قبل الولادةتأخر النمو داخل الرحم العلاجي ل الخيار مثلما يزيد افرازه ي أو للميلاتونين


