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ABSTRAcT

Maternal mortality could be a neonatal stressor that activated the HPA axis to secret glucocorticoids as a 
marker	of	stress.	Brain	development	took	place	rapidly	in	the	first	1,000	days	of	life.	Synapsin-I	was	involved	
in	the	early	development	of	the	brain’s	nervous	system.	The	purpose	of	this	study	was	to	analyze	the	impact	
of separation of Rat's pup and mothers as a maternal death model on the expression of synapsin-I in the 
cerebrum	and	cerebellum	of	3	days	old	Rattus norvegicus	pups.	The	control	group	(K1)	consisted	of	newborn	
Rattus norvegicus	which	 remained	with	 the	mother,	while	 the	 treatment	group	 (K2)	consisted	of	newborn	
Rattus norvegicus	which	was	separated	from	the	mother.	After	3	days	of	observation,	Rattus norvegicus pups 
from	each	parent	were	taken	with	the	heaviest,	medium,	and	lowest	weights	to	be	sacrificed	and	examined	by	
imonohistochemical of synapsin-I expression. Analysis of the Mann Whitney test for synapsin-I expression in 
Rattus norvegicus	cerebrum	showed	a	significant	difference	between	the	control	group	and	the	treatment	group	
with	a	value	of	p=0,000	(p<0.05).	Independent	T	test	analysis	of	synapsin-I	expression	in	Rattus norvegicus 
cerebellum	also	showed	a	significant	difference	between	the	control	group	and	the	treatment	group	with	a	value	
of	p=0,000	(p<0.05).	Synapsin-I	expressions	in	the	cerebrum	and	cerebellum	of	Rattus norvegicus pups that 
separated from the mothers were lower than those that not separated from the mothers.
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introduction

Maternal	Mortality	Rate	 (MMR)	was	 an	 indicator	
of assessment of maternal health programs. The case 
of maternal mortality, also called maternal death, 
occurs in pregnant women on a number of certain days 
starting during pregnancy until after the termination of 
pregnancy or 42 days after delivery. This could be due 
to caused that were related or exacerbated by pregnancy, 
handling	 pregnancy,	 and/or	 handling	 labor.	 Accidents	
or incidental events were not the cause of maternal 
death. Many maternal deaths occur during labor and 
postpartum.1-2

In	1990-2015,	the	Maternal	Mortality	Rate	(MMR)	
globally	 decreased	 by	 44%,	 from	 385	 cases	 to	 206	
cases	 per	 100,000	 live	 birth	 rates.	 The	 decline	 was	
still far from the Millennium Development Goal 5a 
target. This number also did not meet the objectives 
of	 the	 2030	 Sustainable	 Development	 Goals	 (SDG’S)	
program	which	targeted	maternal	mortality	rates	are	70	
of	100,000	live	births.3	Since	1991	to	2007,	Based	on	the	
Indonesian	Health	Profile	(2016),	the	number	of	MMR	
in	Indonesia	has	decreased,	from	390	to	228	from	1991	
to	2007.	According	to	the	Bureau	of	Communication	and	
Community Services of the Health Ministry of Republic 
Indonesia, the maternal mortality rate in Indonesia was 
4,999	in	2015	to	4,912	in	2016	and	2017	(first	semester)	
decreased to 1,712 cases. Based on the East Java Health 
Office,	the	maternal	mortality	rate	in	East	Java	Province	
on	2015	reached	89,6	of	100,000	live	births	and	on	2016	
it	increased	to	91	of	100,000	live	births.

Maternal	 mortality	 at	 the	 beginning	 of	 a	 child’s	
life could result in loss of contact between mother and 
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baby	and	disruption	of	breastfeeding	which	would	affect	
the child survival.2 Interaction between mother and 
baby could occur through touch, skin contact, and eye 
contact	which	provided	a	calm	effect.	Reduced	or	even	
lost contact between mother and baby due to maternal 
death could result in babies having higher cortisol levels 
than babies who were directly treated by their mothers. 
Therefore, this might be a cause of neonatal stress at the 
beginning	of	a	child’s	life.7

Child’s	 brain	 growth	 and	 development	 took	 place	
quickly	 starting	 in	 the	 womb,	 which	 was	 on	 the	 first	
1,000	days	of	the	children	life	up	to	3	years	old.	Some	
important developmental processes include neuron 
proliferation, synaptic formation, myelination, and 
axons and dendrites growth. A good brain development 
and	growth	would	affect	cognitive,	social,	and	emotional	
abilities as the foundation and the development of future 
generations. The brain consisted of the cerebrum which 
plays	 a	 role	 in	 cognitive	 and	 affective	 functions	 as	
well and the cerebellum which played a role in motor, 
cognitive, emotional, and behavioral development.8-9 

Synapsin-I was the main isoform in neurons which 
were phosphoproteins that bound to synaptic vesicles. 
Synapsin-I played a role in synaptogenesis and neuronal 
plasticity, including synapses development, terminal 
nerve formation, and neurotransmitter expenditure.10 
Reduced Synapsin-I would result in disruption of axon 
differentiation,	 neurit	 growth,	 inhibition	 of	 formation	
and synapses, and allowed nerve disorders in the brain.11

Neonatal stress could occur due to maternal death 
which	caused	the	hypothalamus-pituitary-adrenal	(HPA)	
activation to secrete glucocorticoids which were the 
initial sign of stress. Synapsin-I was involved in the 
critical development initial process of the nervous system. 
The stress impact on early neuronal development in the 
brain could reduce cognitive function with symptoms of 
dendritic atrophy and loss of synapses. 10,12 The thought 
of the maternal deaths impact should not only be on ways 
to reduce maternal mortality. Maternal health was also an 
important thing to note, not just for the mother survival, 
but it was also important for the continuity of brain growth 
during	the	golden	age	in	the	first	1,000	days	of	the	child’s	
life as a preparation to face the future changes challenges. 
Based on this background, this study was conducted to the 
impact of maternal separation as a maternal death model 
on the cerebrum and cerebellum synapsin-I expression of 
3	days	old	Rattus norvegicus.

Material and Method

This study was true laboratory experimental designs 
with randomized post test only control group design. The 
study	was	conducted	from	February	to	May	2019	at	the	
Laboratory of the Veterinary Medicine Faculty, Airlangga 
University. The samples of this study were Rattus 
norvegicus mother	and	the	unit	samples	were	3	days	old	
Rattus norvegicus. All animals try to be acclimatized 
before being pregnant. Superovulation of female rats 
was	 done	 by	 injecting	 10	 IU	 of	 PMSG	 (Folligon™,	
Intervet	Boxmeer,	Holland),	48	hours	later,	the	injection	
10	IU	of	HCG	(Chorulon™,	Intervet	Boxmeer,	Holland)	
was carried out and the mother was immediately mated 
monomating. 17 hours after monomating, a vaginal 
plug examination was performed to ensure pregnancy.13 
Pregnant female Rat was taken randomly into 2 groups, 
each group consisting 18 pregnant female Rat.

The maternal mortality model study group was 
divided	into	2	groups,	the	control	group	(K1)	consisting	
of newborn Rattus norvegicus which remained with 
the	mother	until	the	3	days	old	and	the	treatment	group	
(K2)	consisting	of	newborn	Rattus norvegicus separated 
from	mother	to	3	days	old	that	were	given	animal	milk	
formula	 (Esbilac®	 Powder,	 Pet-Ag	 Inc,	 Hampshire).	
From each parent, Rattus norvegicus pups were taken 
with the heaviest, medium and lowest weights.

Imonohistochemical examination with synapsin-I 
antibodies	was	assessed	semi-quantitatively	on	the	scale	
of Rammele-Stegner using the Immuno Reactive Score 
(IRS).14	Statistical	analysis	uses	IBM	SPSS	Statistic	20.	
Data with normal distribution was tested by Independent 
T test. If the data was not normally distributed, the data 
was tested by the Mann Whitney test. This study uses a 
significance	level	of	0.05	with	a	confidence	level	of	95%.

Findings

Table 1: The mean and standard deviation of the 
Cerebrum synapsin-i expression

Group n Synapsin-i Expression (iRS)
Mean ± Standard Deviation

K1 18 4,08	±	1,45
K2 18 2,35	±	1,22

The results showed a mean of cerebrum synapsin-I 
expression	in	the	treatment	group	was	2,35	±	1,22	and	a	
control	group	was	4,08	±	1,45.
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Table 2: Mann Whitney Analysis Results of 
Cerebrum Synapsin-i expression

Group p Value Different test analysis
K1 K2 0,000* Mann Whitney Test
*Significantly	different	p<0,05

Analysis of the Mann Whitney test showed that there 
were	significant	differences	in	the	synapsin-I	expression	
between the control and treatment groups with a value of 
p=0,000	(p<0,05).

Figure 1: comparison of synapsin i expressions 
represented by chromogen brown color on the 

cerebrum tissue, yellow arrows showing the maximum 
expression area using immunohistochemical 

staining, 400x magnification; Miconos microscope 
McX50LED; Optilab Plus camera

Table 3: Mean and standard deviation of Cerebellum 
synapsin-i expression

Group n
Synapsin-i Expression (iRS)
Mean ± Standard Deviation

K1 18 3,80	±	1,21
K2 18 2,22	±	1,00

The examination results of the cerebellum Synapsin-I 
expression showed a mean and standard deviation in the 
treatment	group	was	2,22	±	1,00	and	the	control	group	
was	3,80	±	1,21.

Table 4: Results of independent T Analysis of 
Cerebellum Synapsin-i expression

Group p Value Different test analysis
K1 K2 0,000* Independent T

*Significantly	different	p<0,05

The results of the Independent T test showed that 
there	 was	 a	 significant	 difference	 in	 the	 synapsin-I	
expression between the control and treatment groups 
with	a	value	of	p=0,000	(p<0,05).

Figure 2: comparison of synapsin i expressions 
represented by chromogen brown color on the 
cerebellum tissue, yellow arrows showing the 

maximum expression area using immunohistochemical 
staining, 400x magnification; Miconos microscope 

McX50LED; Optilab Plus camera



     1238      Indian Journal of Public Health Research & Development, September 2019, Vol.10, No. 9

Discussion

The results of this research indicate the mean 
expression	 of	 cerebrum	 and	 cerebellum	 Synapsin-I	 3	
days old Rattus norvegicus with maternal separation 
was lower than without maternal separation. The results 
study of the examination used microarray analysis for 
stress at the beginning of life was carried out by maternal 
separation on day 14-21, while still providing water 
and feed nutrients, indicating that separation from the 
parent reduced synapsin-I mRNA gene expression in 
the	Rat	pup’s	amygdale.	Maternal	separation	in	animals	
shows an increase in high expression of corticotrophin-
realizing-hormone	(CRH)	and	glucocorticoid	receptors.15 
Glucorticoids could directly reduce the expression of 
synapsin-I and EGR-1 transcription in the hippocampus.16 
The results of examination on 9-months-old babies who 
separated	from	their	mothers	for	30	minutes	showed	an	
increase	 in	glucorticoids	 levels	compared	to	30	minutes	
when babies interacted and played with mothers. 
Maternal separation increases glucorticoids and ACTH 
in animals. 9 and 12-days-old rodent show high ACTH 
and corticosterone.17	Therefore,	the	timing	and	quality	of	
interaction with mother plays a role in the development of 
the Axis HPA. If there was a maternal death, the contact 
interaction between the parent and child would be lost 
then causing early life stress.

The	most	rapid	brain	neuron	development	in	the	first	
1,000	days	of	life.	Synapsin-I	is	a	protein	that	plays	a	role	
in synaptic transmission and plasticity in the presynaptic 
mechanism. The combined action of synapses that work 
in	 different	 areas	 of	 the	 brain	 eventually	 forms	 brain	
functions such as learning and memory.18 Synapsin-I was 
associated with axon growth and regulation of synaptic 
vesicles kinetics fusion. Both synapsin-I isoforms 
function in synapse formation and minimize depletion of 
neurotransmitters in synapse inhibition by contributing 
to the retention of synaptic vesicles. Synapsin-I also 
plays a role in synaptogenesis and modulates the release 
of neurotransmitters. Changes in synaptic vesicles in 
the presynaptic terminal could result in reduced release 
of neurotransmitters and delayed recovery of synaptic 
transmission after depletion of neurotransmitters.11

Immunoreactivity examination of synapsin-I was 
performed as a direct marker of the synapses presence in 
the central nervous system. Cerebrum acted in cognitive 
and	affective	function.	Synapsin-I	in	the	cerebrum	was	

expressed in neurophil, whereas in neurons and dendrites 
there was little synapsin-I expression. Cerebellum played 
a role in motor, cognitive, emotional, and behavioral 
development. In the cerebellum, synapsin-I could be 
expressed in the molecular layer of the cerebellum 
cortex, i.e. in the nucleus and cytoplasm of the granular 
and granular layers of the synaptic complex.9,19 

Early life stress which was induced by glucocorticoids 
caused a decrease in cognitive abilities, including damage 
to	work	and	nonverbal	memory,	mental	flexibility,	and	
information processing. Symptoms included dendritic 
atrophy and loss of synapses in neurons. Glucocorticoids 
mediated	cellular	or	molecular	effects	on	synapses	and	
dendrites	 through	 glucocorticoid	 receptor	 (GR)	 and	
mineralocorticoid	receptor	(MR).	In	the	brain,	GR	which	
had	been	activated	by	GC	could	directly	bound	to	BDNF/
CREB in response to stress and would reduced BDNF 
expression.	BDNF	bound	to	TrkB	(Tropomyosin	related	
kinase	 B)	 in	 postsynaps	 and	 presynaps	 which	 caused	
activation involving 2 pathways, namely phospholipase 
(PLC)-Ca2+-CaMKII and Ras-Raf-MAPK for regulation 
of synapsin-I expression. When stress and glucorticoid 
increase occured, the MAPK activation stimulated 
CAMKII to reduce transcription of EGR-1 and lower 
synapsin-I expression.20,21 Synapsin-I regulation could 
also	 pass	 IGF-1,	 IGF-1	 pathway	 (Insulin	 like	 growth	
factor-1)	 which	 would	 bound	 to	 IGF1R	 and	 activated	
two signaling pathways similar to BDNF to regulate the 
regulation of synapsin-I expression directly. If there was 
an increase in GC and activation of GR, IGF-1 inhibition 
would resulted in a lower expression of synapsin-I.20,22 

Early life stress in the brain was also related to 
oxidative stress due to an imbalance between ROS and 
antioxidants. ROS results in GC receptor translocation 
from the cytoplasm to the nucleus which disrupted the 
receptor function. Imbalance in mitochondria produces 
NADPH	oxidase	(NOX).	ROS	in	the	brain	was	caused	
by NOX enzymes according to cellular stressors. In 
addition, many stress signaling pathways such as ERK1, 
p38	MAPK	were	activated	following	NOX	stimulation	
which	would	affected	cell	damage	which	might	directly	
result in lower synapsin-I expression.21,23 Apart from In 
this pathway, synapsin-I expression could be directly 
affected	 by	 glucocorticoids	 via	 EGR-1.16 Decreases 
synapsin-I expression which included several pathways, 
namely	EGR-1,	BDNF,	IGF-1,	and	could	also	be	affected	
by oxidative stress.
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conclusion

Cerebrum and cerebellum Synapsin-I expression of 
3	days	old	Rattus norvegicus with maternal separation as 
maternal	death	model	was	lower	than	3	days	old	Rattus 
norvegicus without maternal separation as maternal 
death model.
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