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ABSTRACT 

Iron deficiency anaemia causes adverse pregnancy outcome. Studies reveal its generalized effects on 
histomorphometry of the placenta, without details on specific zones nor effect of gestational age. These data are 
important for planning intervention. This study was, therefore, designed to describe the histomorphometric changes 
associated with iron deficiency anaemia on placenta of albino rat. Fourty nine (49) Sprague – Dawely albino rats 
were randomly separated into experimental and control groups.  The experimental group was rendered anaemic by 
removing 1.5 ml of blood per bleed on five alternate days. Placentas were collected on gestational days 17, 19 and 
21. Five cubic milimetre segments were fixed in 10 % buffered formaldehyde solution; dehydrated in ethanol and 
embedded in paraffin wax. Five micron thick sections were cut, deparaffinized and stained with Hematoxylin and 
Eosin.  Micrographs were taken using Leica ICC 50 digital photomicrographic camera attached to a computer at 
magnification x40 and the thickness of the labyrinth and junctional zones measured. Student t- test was used to 
compare values for the experimental and control groups. The labyrinth in the chronic anaemia group was thinner 
than in the control group at gestational days 17, 19 and 21. The junctional zone, on the other hand, was consistently 
thicker in anaemic than in the control animals. The difference in thickness of junctional zone varied with gestational 
age. At gestational day 17, the zone was significantly thicker in the anaemic group (628.9 µ) than in the control 
(381 µ). On day 19 and 21, however, the difference was not statistically significant. In conclusion, the effects of 
chronic iron deficiency anaemia on the labyrinth differ from those on the junctional zone of the placenta. This 
differential effect appears to depend on the function and gestational age. The decrease in thickness of the labyrinth 
may be designed to maintain placental diffusion capacity while increased thickness of the junctional zone constitutes 
a compensatory physical and nutritional adaptation to hypoxia.  
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INTRODUCTION 
The placenta of rats, like that of humans, has maternal 
and fetal components. The maternal component is 
made of decidua basalis and metrial glands. The fetal 
components comprise the labyrinth zone (LZ) and 
junctional zone (JZ) [Coan et al., 2004; Furukawa et 
al., 2014]. The LZ, containing maternal blood spaces, 
trophoblastic cells and fetal capillaries constitutes the 
ultimate barrier where fetomaternal exchange occurs. 
The JZ, on the other hand, comprising 
spongiotrophoblast, trophoblastic giant and glycogen 
cells forms the structural component involved in 
metabolic and endocrine functions (Cline et al., 2014; 
Furukawa et al., 2014). As pregnancy progresses, the 
LZ becomes more prominent in structure and 

function, while the other parts diminish (Takata et al., 
1997). Chronic iron deficiency anaemia (IDA) in 
pregnancy is associated with preterm delivery, low 
birth weight, inferior neonatal health (Allen, 2000; 
Noronha, et al., 2010; Kiran, et al. 2014; Sabina, et al. 
2015). It causes abnormal placental 
histomorphometric changes which include reduction 
in size, decrease in villous vascularity, increased 
syncytial knots, fibrinoid necrosis and reduction in 
placental cotyledons  (Mongia, et al. 2011;  Adil, 
2012; Agarwal, et al. 2013; Soni and Nair et al. 2013; 
Biswas, et al. 2014). Studies on these changes have 
addressed either the labyrinthine or junctional zones 
individually without details of comparative effects 
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nor influence of gestational age. These data are useful 
in determining intervention and control measures for 
mitigating the effects of IDA on fetal outcome. This 

study, therefore, aimed at describing the effects of 
IDA on placental histomorphometry and how these 
vary between zones and with gestational age.      

 
 

MATERIALS AND METHODS 
This experimental study was carried out on (49) 
female Sprague– Dawely rats. The animals, derived 
from a generation of clones over 19 year period were 
obtained from the Department of Biochemistry, 
University of Nairobi. The animals were divided into 
control and experimental dams. Chronic anaemia was 
induced by withdrawing 1.5 ml of blood on five 
alternate days, through the retrobulbar plexus 
according to the protocol by Markovic et al (2009). 
Anaemia was diagnosed when the haemoglobin level 
dropped below 12g/dl. They were anaesthetised by 
ether inhalation. The abdomen was opened using a 
midline incision, the uterus exposed and placentas 
extracted on days 17, 19 and 21 (Table 1).  
 
The placentas were cut into 5 mm3 pieces, fixed in 
10% buffered formaldehyde solution; dehydrated in 
alcohol, cleared in xylene and embedded in paraffin 
wax. Five micron sections were cut, deparaffinized 
and stained with Hematoxylin and Eosin.   
Light microscopic sections were examined at various 
magnifications in control and anaemic rats using a 
Leica ICC 50 microscope, and pictures taken with a 
digital camera attached to a computer. The 
histological zones of interest in the study were the 
Labyrinth and Junctional Zones.  

The final sample size of 28 micrographs was selected 
as follows: eight (8) micrographs of Day 17, nine (9) 
micrographs of Day 19 and 11 micrographs of Day 
21. Each micrograph was then subjected to 10 random 
measurements and their values recorded in 
millimeters. The process was repeated for the two 
zones under investigation for the three gestational 
periods. To obtain the average zone estimates on each 
micrograph; the total values combined were divided 
by 10 which was the number of times each zone was 
measured. The final values which were in millimeters 
were converted into microns using the magnification 
scale appearing on the micrographs. Thus each 
micrograph represented the average estimate of the 
Labyrinth and Junctional zones.     
The data was analysed using SPSS Version 22. 
Simple descriptive statistics was performed to obtain 
the means and the standard errors for the zones. 
Independent student t-test was applied as the main 
inferential statistics. Graphical and numerical 
exploration of bivariate variables was achieved using 
summary tables. The means and the standard errors 
were presented in simple tables. The data are 
presented in tables and micrographs. 
	

 
Table 1: Distribution on rats on different gestational days 

Day            Number of rats 
 Control Experimental 
17 6 5 
19 5 8 
21 13 12 
Total 24 25 

 
RESULTS 

	
Various effects of anaemia were observed on 
histomorphometric parameters of the labyrinth and 
junctional zones.  The labyrinth in chronic anaemia 
groups was thinner in experimental than in the control 
group on all the days. On day 17, the thickness was 
1556.6 ± 55 µ in the anemic group compared to 

2180.8 ± 165.6 µ in the controls. This difference was 
statistically significant [p = 0.002]. The difference 
persisted through day 19. By day 21, it was highest, 
being 1740 ± 125 µ  in the anaemic group and 2347.6 
± 185.8 µ in the control (p = 0.024) [Table 1; Fig 1].  
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(A)                                                          (B) 

  
(C)                                                                       (D) 

 
(E)                                                                            (F) 

 
 
 
 
 
 

 
 
 
 

Fig 1: Micrographs of rat placenta showing Labyrinth and Junction zone. (HE, x40). L = Labyrinth; 
JZ = Junctional Zone; DB = Decidia basalis. A - Control at gestational day 17. B - Anaemic at 
gestational day 17. C - Control gestational day 19. D - Anaemic at gestational day 19. E - Control at 
gestational day 21. F - Anemic rat placenta at gestational day 21. Note: The lower thickness of L in 
B, D and F compared to A, C and E; and higher thickness of JZ was thicker in B, D and F compared 
to A, C and E.   
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Table 2: Effect of chronic anaemia on the thickness of the labyrinth zone  
Gestation day                  Mean Labyrinth thickness ± SE (µ)                             
  Control  Chronic anaemia Difference P value 
Day 17  2180.8±165.6  1556.6±55  624.2 .002 
Day 19  2133.5±94.5  1850±34.3  283.5  .014 
Day 21  2347.6±185.8  1740.1±125.1  634.5 .024 

The junctional zone on the other hand, was 
consistently thicker in the anaemic than the control 
animals. The difference varied with gestational age. 
At gestational day 17 the zone was significantly 

thicker in the anaemic group (628.9 µ) than in the 
control group (381 µ).On day 19 and 21, however, 
the difference was not statistically significant [Table 
2]; [Fig 1]  

 
Table 3: Effect of chronic anaemia on the thickness of junction zone  
Gestation day                         Mean Junction zone thickness ± SE (µ)                                
  Control  Chronic anaemia difference P value 
Day 17  381±55.5  628.9±70.3  247.9  .040 
Day 19  580±26  686.6±38.2  106.6  .476 
Day 21  559.8±49.9  683.6±50.8 123.8  .401 

 
DISCUSSION 

Observations of the present study reveal that chronic 
anaemia affects the histomorphometry of the 
labyrinth and junctional zones. The decrease in 
labyrinth thickness in chronic anaemia observed in 
the current study is consistent with reports of other 
studies (Reshetnikova et al., 1994; 1995; 1997; 
Mayhew, 1998). The labyrinth is the zone where 
maternal blood comes in close contact to the fetal 
blood (Furukawa, et al. 2011) and the only site for 
nutrient, gas and waste exchange between maternal 
and fetal circulation (Lu et al., 2013). Accordingly, 
the reduction in thickness may be an adaptation to 
maintain the diffusion capacity of the membrane even 
when there is hypoxia. Pertinent to this suggestion are 
reports that anaemia predisposes to hypoxia 
(Hupertiz, 2008; Toblli et al., 2012) to which the 
placenta responds by remodeling its tissue 
components (Sankar et al., 2012; Lelic et al., 2014).  
The junctional zone was thicker in anaemic rats. This 
is also consistent with reports from other studies 
(Lewis et al., 2001; Rosario et al., 2008; Sankar et al., 
2012). This increase may be a response to hypoxia 
which causes endovascular trophoblast invasion 
(Rosario et al., 2008) and increase in the 
vasculosyncitial membrane occasioned by increased 
number of capillaries (Lelic et al., 2014). It may also 
be due to increase in the amount of glycogen cells as 
a compensatory mechanism to supplement the food 
reserves for the malnourished fetuses. Barash and 

Shafrir (1990) postulated that the main source of 
energy for the placenta comes from glucose, which 
may, therefore, use the glycogen stored. Moreover, 
the glycogen stores may be also destined for the fetus. 
In the final stage of gestation, the glycogen reserves 
can be converted into glucose and be released directly 
into the maternal blood, which eventually circulates 
back through the labyrinth, hence explaining the 
relative reversion of JZ thickness with advancing 
pregnancy.  
 
The most remarkable finding of the present study was 
the differential effect of anaemia on the morphology 
of LZ and JZ. Chronic anaemia decreased the 
thickness of LZ while increasing that of the JZ. 
Previous studies have considered effect of IDA on 
either, but not both zones (Lewis et al., 2001), making 
comparison difficult. Considering that anaemia is 
thought to affect placental structure through hypoxia, 
the findings of the present study are at variance with 
reports that hypoxia increases both LZ and JZ (Ho – 
Chen et al., 2006; Rosario et al., 2008). These 
findings are also discordant with studies which 
reported that hypoxia increases LZ volume, while 
decreasing JZ volume (Higgins et al., 2015; 
Skeffington et al., 2015). Similar disparities in 
morphometric features of two zones have, however, 
been reported in high fat diet and undernutrition 
(Coan et al., 2010; Mark et al., 2011; Schulz et al., 
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2012). These disparities are attributable to differences 
in function, stage of development and maturation 
(Sferruzzi – Perri et al., 2011; Sferuzzi – Perri and 
Camm, 2016). Several studies on rats have suggested, 
for example, that there may be active preservation of 
the placental transport function at the expense of 
formation of placental endocrine region to optimize 
substrate delivery to the fetus at particular stages of 
development (Mark et al., 2011; Schulz et al., 2012).  
 
The histomorphometric changes were dependent on 
the gestation age. This has seldom been reported. The 
findings are, nonetheless, concordant with those 
caused by other insults such as hyperlipidemia and 
hyperglycaemia. In this cases, the placental 
interhaemal barrier, for example, is thicker but with 
reduced vascularity on day 16. By day 19, however, 
the barrier has become thinner and vascularity has 
reverted to normal (Sferruzi – Perri et al., 2013). 
Labyrinth thickness was significantly reduced in 
chronic anaemia in gestational days 17, 19 and 21. 
Reduction in labyrinth thickness implies decreasing 
the surface area and mass of vascularity available for 
nutrient and gas exchange between the mother and the 
fetus. 
Reshetnikova, et al. (1995) showed that the placenta 
in the third trimester adapts to severe anaemia by 
thinning of the villous membrane so that its diffusion 
capacity is maintained at normal levels, rather than 

changing its volume. The junctional zone in anaemic 
placenta was significantly increased at gestational 
day 17, whereas at gestational days 19 and 21 the 
difference was not significant. These findings are 
consistent with the variations in placental functional 
activity with gestational age (De Rijk et al., 2002) and 
underscore the importance of the influence of 
gestational age on the effects of IDA.  
 
CONCLUSION 
The effects of chronic iron deficiency anaemia on the 
labyrinth differ from those of the junctional zones of 
the placenta. The differential effect appears to depend 
on the function and gestational age. The decrease in 
thickness of the labyrinth may be designed to 
maintain placental diffusion capacity while increase 
in thickness of the junctional zone constitutes a 
compensatory physical and nutritional adaptation to 
hypoxia.  
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