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SUMMARY

Objective: Oxidative stress is requisite for the development of IUGR, with
subsequent manifestation in the reduced levels of antioxidants enzymes.
Glutathione protects against free radical-mediated injury, therefore we
elucidated on its role in protecting against oxidative stress-induced
consequences of IUGR.

In order to improve the prognosis of IUGR in affected infants, we
investigated the protective role of glutathione in rats exposed to IUGR.
Method: Ten female Sprague-Dawley rats were mated overnight. The
pregnant rats were divided into 2 groups of 5 rats each. From gestational
day 9 until parturition, group A received normal saline while group B
received 50 mg/kg daily of L-NAME. Pups from group A were allowed free
access to food and water, while group B pups were randomly assigned into
3 groups; G1 pups were left untreated; 1.5g/kg of gluthatione was
administered to G2 pups from PND 4-10 and G3 pups from PND 25-31. We
measured the body weight of rats; immunolocalized and further quantified
TNFa expression in the hepatic and renal tissues.

Results: Postnatal GSH administration increased body weight in treated
groups exposed to IUGR more significantly from days 4-10 as opposed to
days 25-31. IUGR resulted in a significant increase in the TNFa
immunoreactivity in the hepatic and renal tissues of the untreated group of
rats when compared with the control and treated groups. GSH significantly
reduced TNFa immunoreactivity in the kidney and liver of the treated
groups, especially the days 4-10.

Conclusions: Oral GSH administration regulates the inflammatory
response in IUGR at the early neonatal period.
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INTRODUCTION

Intrauterine growth restriction (IUGR) is a
consequential ~ complication of  pregnancy
characterized by a remarkable reduction in fetal
growth and/or its organs during gestation when
compared to the expected genetic growth potential
! Fetuses exposed to IUGR are characterized as
small for their gestational age >. IUGR is a factor
associated with stillbirth, heightened risk of
premature delivery, increased premature neonate’s
morbidity, hypercholesterolemia, blood
coagulation, cardiovascular disease and Type 2
diabetes in adult life ** > . Fetal undernutrition
results in fetuses with impaired growth leading to a
heightened possibility of adverse short and long
term consequences . Physiological functions can
be influenced postnatally by minute changes in cell
composition of tissues induced by conditions that
are suboptimal in intrauterine life 8. There is
increasing evidence suggesting that the liver and
kidney are affected by IUGR following
unfavorable in utero exposure. IUGR not only
affects the body to kidney ratio but also reduces the
number of nephrons, which leads to a reduced
surface for glomerular filtration and ultimately
resulting in glomerular hypertrophy which leads to
impairment of renal function ° %!, Studies have
shown that fetuses exposed to IUGR display
altered gene expression that encodes enzymes
involved with the production of hepatic energy,
hepatic oxidative phosphorylation reduction and
affectation of the transport of hepatic glucose >3
14 An increasing body of experimental data has
been able to demonstrate oxidative stress as a key
player in the development of IUGR, with
subsequent manifestation in the reduced levels of
antioxidants enzymes in IUGR neonates *> 161",

Glutathione (GSH) is the most abounding non-
enzymatic antioxidant with low molecular weight
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and a predominant distribution inside the cell. It
serves varieties of functions which includes
scavenging of reactive oxygen/nitrogen species,
acting as a detoxifying agent, storage of
intracellular cysteine and modulation of the activity
of proteins via reversible protein glutathionylation,
influencing cell cycle progression, cell death and
transcription factor activity and signaling signaling
18.19.20 It depletion leads to increased oxidative
stress, which alters the endogenous enzymes and
proteins which can lead to impaired cellular
function, ultimately playing a role in the onset of
several diseases 2 % %, Oral supplementation of
GSH helps improve its status in circulation while
lowering inflammation 242,

In this study, we investigate the protective role of
glutathione against inflammation in the liver and
kidney of rats exposed to IUGR, in the search for
improvement in the prognosis of IUGR infants.

MATERIAL AND METHODS
Experimental animals

Following instutional ethical approval
(OOU/BMSREC/18/0045), 10 female Sprague-
Dawley rats, weighing between 130-150 g were
used for the experiment. The animals were
obtained from Peter’s Farm (Nig.) Enterprises in
Badagry; housed in plastic cages in the animal
holding of the Department of Anatomy, Olabisi
Onabanjo University, Ago-lwoye, Nigeria under
standard laboratory conditions and fed rat chow
(Boar feed, lkene) with water ad libitum. They
were left to acclimatize for two weeks before the
commencement of the experiment.

Animal Care and Management

Following confirmation of mating by the
visualization of spermatozoa in a vaginal smear,
the pregnant rats were divided into 2 groups (A &
B) containing 5 rats each. Group A served as the



control while B served as the treatment group.
Group A received normal saline orally from
gestational day 9 until parturition, while Group B
received 50 mg/kg daily of L-NAME from
gestational day 9 until parturition.

The rats in Groups A and B were allowed to litter;
after delivery, pups confirmed with [IUGR in group
B were recruited for the study. Pups from group A
were allowed access to food and water ad libitum,
while pups from group B were randomly assigned
into 3 groups; G1 pups were not treated with
glutathione; G2 litters were administered
gluthatione at a dose of 159 /kg/ day
intraperitoneally from post natal day 4-10 (PND 4-
10); G3 pups were administered gluthatione from
PND 25-31 %:2.28,

All pups were weighed daily during the period of
administation to monitor the effect of the treatment
on body weight.

Animal sacrifice and excision of organs

At the end of the experimental period, following
administration of sodium pentobarbital (100 mg/kg
body weight), the rats were transcardially perfused
with  PBS  followed by ice-cold 4%
paraformaldehyde in PBS. The liver and kidney
tissues were excised after a mid-line abdominal
incision and fixed in neutral buffered formalin;
then processed routinely for paraffin embedding
with LEICA ASP 200S and embedded in paraffin
using LEICA EG1150 H embedding machine. Thin
sections (3 um) were cut on a rotary microtome
(Leica RM 2135, Germany) and mounted onto
poly-L-lysine coated glass slides (X-tra Adhesive,
Leica Microsysytems, Germany).

Immunohistochemistry  and  staining  for
immunoreactivity

The sections were dewaxed in xylene and
rehydrated before incubation in a Target Retrieval
Solution (Dako, Denmark). For endogenous
peroxidase blocking, sections were incubated in
3% hydrogen peroxide for 10 min; then well rinsed
with PBS and incubated with normal goat serum
for 30 minutes. Thereafter, incubation in anti-
TNFa polyclonal antibody (Elabscience, USA)
was done for 30 min with a dilution of 1:50 at room
temperature. Sections were then rinsed with wash
buffer and incubated with anti-rabbit secondary
antibodies (HRP) (Dako, Denmark) for 20 min at
room temperature. The reaction was visualised
within 10 min with  diamino-benzidine
(Elabscience, USA) and the nuclei counterstained
with Mayer’s haematoxylin. Primary antibody was
replaced by wash buffer for negative controls.
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Morphometric evaluation of the immunostained
sections

The stained sections were examined and
photomicrographs taken under OMAX 40X-
2000X light microscope. Image J, a public domain
software sponsored by the National Institute of
Health (USA), was used to analyse and quantify
photomicrographs. Using the immunoratio plugin,
the areas of DAB brown staining were
automatically selected from haematoxylin counter-
stained blue nuclear area. The plugin generates the
percentage of DAB area (positive
immunoreactivity) to the whole nuclear area.

Statistical Analyses

Results were expressed as means + SEM. One-way
ANOVA was used for comparative analysis of the
data between treated and non-treated groups of rats,
followed by Bonferroni test for multiple
comparison. Statistical significance was set at p <
0.05. GraphPad Prism version 5.00 for Windows
(GraphPad Software, USA) was used for analysis.

RESULTS
Body weight

At birth, there was a significant reduction
(p<0.0001) in the mean body weight in the IUGR
group (4.5+0.02 g) compared with the control
(5.0+0.05 g) (Figure 1). As seen in figure 2, on day
4 of the experimental period, the body weight
differed across the study groups (p=0.0112). Atthe
end of the experimental period (day 31), there was
a significant reduction (p<0.001) in the body
weights of the rats in G1 (28+0.52 g), G2 (32+0.29
g), G3 (30+0.36 g) when compared with the control
group (34+0.28) respectively. Also, there was a
significant increase in body weight in G2 and G3
and rats compared with G1 (p<0.001); a significant
reduction was observed in G3 rats compared with
G2 (p<0.001).

Immunolocalization and morphometric image
analysis of TNFa in the liver

A variable degree of immunoreactivity of TNFa
was observed in the parenchymal cells across the
groups (Figure 3A). Positive immunostaining of
the parenchymal cells was seen in the G1 and G3
groups while there was weak staining in the control
and G2 groups. The mean percentage
immunoreactivity of TNFa within the control, G1,
G2 and G3 groups were 8.4+0.43%, 64+3.0%,
12+0.81 and 28+3.8% respectively. There was a
significant increase in the TNFo immunoreactivity
in the hepatic tissues of the untreated IUGR group
of rats when compared with the control (Figure
3B). The immunoreactivity in the G2 group was
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increased when compared with the control albeit groups when compared with G1 (p<0.0001), a
not statistically significant (p>0.0001). While, a significant increase was observed in the G3 group
significant reduction was seen in both G2 and G3 compared with G2 (p<0.001).
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Figure 1: Body weight of control and experimental groups of rats at birth. Values are presented as means +
standard deviation (SD). Statistical significance set at *p < 0.05.
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Figure 2: Body weight of control and experimental groups of rats throughout the treatment period. Values
are presented as means = standard deviation (SD). Statistical significance set at *p < 0.05.



Immunolocalization and morphometric image
analysis of TNFa in the kidneys

Immunoreactivity of TNFa was noted across the
study groups (Figure 4 A). While a strong
immunoreactivity was observed in the glomerulus
and renal tubules in the G1 group, the G3 group
showed reactivity in the renal tubules while there
was a weak staining in both the control and G2
groups. Quantitative analysis showed that there
was a significant increase in the mean TNFa
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immunoreactivity in the renal tissues of the
untreated [TUGR group of rats (37+3.3%) when
compared with the control (3.6+0.54%). Although
the mean immunoreactivity in the G2 group
(7.9+0.54%) was increased when compared with
the control, it was not statistically significant
(p>0.0001). Also, there was a significant reduction
in both G2 and G3 (18+1.4%) groups when
compared with G1 (p<0.0001); a significant
increase was observed in the G3 group compared
with G2 (p<0.01) (Figure 4B).

Figure 3: A: Photomicrographs of liver tissue sections analyzed by IHC for TNFa in experimental rats; B:
Morphometric Image Analysis of immunoreactivity of TNFa in the hepatic tissues.
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Figure 4: A: Photomicrographs of kidney tissue sections analyzed by IHC for TNFa in experimental rats; B:
Morphometric Image Analysis of immunoreactivity of TNFa in the renal tissues.

DISCUSSION

Intrauterine growth restriction results from the
failure of progression in the growth of a developing
fetus during intrauterine life *. Neonates exposed to
an IUGR environment have lower birth weight than
normal neonates, mainly due to fetal undernutrition
which is a consequence of placental insufficiency.
Furthermore, it has several detrimental effects on
growth and development in infancy and childhood
which could also span over a lifetime 2*°,

In this present study, we used an IUGR model of
rats administered 50 mg/kg daily of L-NAME from
gestational day 9 until parturition; this caused a
reduction in body weight gain in rats exposed to
IUGR during intrauterine life compared with those
who had a normal intrauterine milieu. In line with
this, other studies have been able to show that
IUGR results in growth retardation both for the
fetus and neonates 3. However, postnatal
administration of GSH increased body weight in
treated groups. This increase in body weight was
more significant in rats administered GSH from
days 4-10 as opposed to days 25-31. This
significant difference between the two-time points
of administration underscores the importance of
early intervention in neonates with IUGR
environment during intrauterine life. Xia and Wu %
administered a dietary supplementation of GSH on
Pacific white shrimp which caused a significant
increase in growth performance indices including
body weight gain compared with the group
administered GSH free diet; this is in agreement
with our study result. The action of GSH may be
due to its beneficial effects on the liver function

which may account for its growth-promoting
effects on the body *.

Oxidative stress is as an imbalance between the
production of reactive oxygen species (ROS) and
antioxidants, which can lead to chronic
inflammation **. Various stimuli which could
induce inflammation such as an imbalance in
ROS/RNS production have been reported to induce
the inflammatory process, ultimately leading to the
synthesis of proinflammatory cytokines. The
activation of TNF-o has been documented to play
a critical role in the inflammatory process resulting
in several chronic diseases like diabetes and
cardiovascular diseases which have been linked to
IUGR in later years *. In our study, IUGR resulted
in a significant increase in the TNFa
immunoreactivity in the hepatic and renal tissues of
the untreated IUGR group of rats when compared
with the control and GSH treated groups. This is
due to intrauterine programming in which
diversion of limited nutrients typical of IUGR
occurs to the brain at the detriment of organs such
as the liver and kidney which may become prone to
structural and physiologic alterations & .

TNFa is an important pro-inflammatory cytokine
mediating liver injury; its release from liver
macrophages as shown from this study signifies a
response to inflammation. The deleterious effect of
IUGR on renal development is responsible for the
risk of essential hypertension and kidney damage
in adulthood; this agrees with results from our
study ¥. Studies have demonstrated that TNFa
confers an antioxidant imbalance  which
characterizes the beginning of various chronic



diseases *8. This further point to the increased risk
of chronic inflammation of neonates of IUGR
mothers which makes them susceptible to diseases
in later life. Amarilyo et al. * reported higher
levels of TNF-a in the cord blood of IUGR infants,
suggesting that a state of inflammation occurs in
infants exposed to IUGR. In this study, GSH
significantly reduced immunoreactivity of TNFa in
the treated groups, especially in the group
administered GSH on days 4-10. This agrees with
the report of Rahman and MacNe *° who reported
that GSH protects against free radical-mediated
injury formed during inflammatory responses.
Likewise, Galinier et al. ** demonstrated that
chronic inflammatory diseases resorting from long
term consequences of IUGR have been linked with
reduced levels of GSH.

In conclusion, this study asserts the role of oral
administration of GSH in regulating the
inflammatory response in IUGR albeit at the early
neonatal period; further studies will address the
mechanisms involved to enhance the development
of strategies to forestall the short and long term
effects of IUGR in infants.
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