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Gestational diabetes mellitus (GDM) is a serious pregnancy complication 

in which a woman who has never had diabetes develops chronic 

hyperglycemia during her pregnancy. Normal placental function is 

essential for optimal fetal growth. The transport of glucose from the 

mother to the fetus is critical for fetal nutrient demands and can be stored 

as glycogen in the placenta. However, the function of this glycogen 

deposition is unknown: It may well be a source of fuel for a placenta itself 

or the storage reservoir for the later use by the fetus in times of need. 

While the significance of the placental glycogen remains unknown, the 

mounting evidence indicates that the altered glycogen metabolism and/or 

deposition is associated with many pregnancy complications, such as 

gestational diabetes, that adversely affect fetal development. The aim of 

this study is to assess glycogen deposition using Histochemical staining 

of Periodic Acid Schiff (PAS) stain. The placenta tissue collected from 

50 women were enrolled in this study (25 women with no complications) 

and (25 women with gestational diabetes). The placentas of the two 

groups were compared in this study based on glycogen deposition with 

periodic acid-Schiff stain. The results of a histochemical investigation 

using PAS stain revealed a significant increase in the glycogen deposition 

(p≤0.001) in diabetic women's placentas within the intervillous core, 

around fetal vessels, and the basement membranes. 
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1. Introduction 

Gestational Diabetes Mellitus (GDM) is the 

most common metabolic disorder that found 

during gestation and is define as 

hyperglycemia of variable severity with onset 

or first recognition during gestation that does 

not clearly characterize any form of the 

preexisting diabetes (American Diabetes 

Association [1]). It affects approximately 

16.5% of pregnancies worldwide (Plows, et al. 

[2]). The placenta is an organ that connects the 

mother and her fetus during pregnancy (Gul, 

et al. [3]). In the placenta, glucose can be 

transformed into glycogen for storage by either 

glycogen synthase or using glycogenin as a 

prime. However, the function of glycogen 

deposition stays a matter of debate, it may be 

the source of fuel for placenta itself or the 

storage pool for the later use by fetus in the 

times of need, while the importance of the 

placental glycogen stays elusive. Increasing 

evidence indicates that the changed glycogen 

metabolism and the deposition accompanies 

with numerous pregnancy complications that 

harmfully affects fetal development specially 

diabetes mellitus (Akison, et al. [4]). 

2. Materials and Methods 

The placental sample was collected from 50 

pregnant women that were included in this 

study from the Department of Obstetrics and 

Gynecology in Al Yarmouk Teaching 

Hospital, Baghdad, Iraq. The written informed 

consent was obtained from each woman, the 

first group include 25 uncomplicated pregnant 

women and the second groups included 25 

gestational diabetes pregnant women. The 

pathological examination was performed 

according to the methods of (Suvarna, et al. 

[5], Mahmoud, et al. [6]), after prior fixation of 

the placental fragments in formaldehyde, 

washing, dehydration and embedding in 

paraffin block (hot paraffination), followed by 

the cooling. A paraffin block was cut by the 

rotary microtome, it spread on the blade, then 

it was introduced in the thermostat for 

deparaffination, followed by a staining 

procedure with the Periodic Acid Schiff– 

Hematoxylin (PAS–H) staining. 

3. Results 

The Image J software was used to evaluate the 

quantification of Periodic Acid Schiff (PAS) 
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stain in sections of the control and gestational 

diabetic mellitus groups. In the control group 

Table 1, 15(60.00%) cases displayed the hazy 

reaction ranged from (7.07-18.50%) of the area 

stained with the red-magenta color Figure 1 and 

10(40.00%) cases registered the traces reaction 

ranged from (20.10-37.10%) of area stained 

with the red-magenta color. While, in the 

gestational diabetic mellitus group Table 1, 4 

(16.00%) cases were having the traces PAS 

positive ranged from (21.60-30.9%) of the area 

stained with the red-magenta color and 

4(16.00%) cases were having a mild reaction 

ranged from (40.50-42.70%) of the area stained 

with the red-magenta color. As well as 11 

(44.00%) were having the moderate PAS 

positive ranged from (63.20-79.80) of the area 

stained with the red-magenta color. Although 

6(24.00%) cases recorded the strong PAS 

positive ranged from (81.20-89.50%) of the 

area stained with the red-magenta color Table 

1. Therefore, gestational diabetic mellitus 

group had a higher strong PAS positive and a 

higher moderate and mild PAS positively. 

Likewise, the control group did not record any 

cases in any of the three mentioned scoring 

categories, and the majority of cases in this 

group had hazy or trace reactions. Statistical 

analysis revealed that the difference in cases 

percentage of PAS staining score was highly 

significant (p≤0.001) between the two groups 

with all scoring as shown in Figure 2 and 

Figure 3. On the other hand, the current study 

found an increase in the expression of PAS 

stain in term of gestational diabetes mellitus 

placenta (63.6 ± 4.7) compared with the 

preterm of gestational diabetes mellitus 

placenta (42.3 ± 16.4), as shown in Table 2. 

4. Discussion 

Diabetes is associated with lower glycogen 

levels in maternal peripheral tissues as a result 

of diabetes-related insulin resistance; 

however, the placenta is the only organ in 

which diabetic pregnancies have higher 

glycogen levels than non-diabetic pregnancies 

(Desoye, et al. [7]). Reduced fetal-placental 

blood flow may compensate for increased fetal 

glucose supply, and increased glucose storage 

as glycogen in the placenta may contribute to 

some fetal safety, but only to a limited extent 

(Desoye, et al. [8], Akison, et al. [4]). 
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Table (1): Periodic Acid Schiff reactivity in section placental of control and gestational diabetic 

mellitus by using digital quantification of Periodic Acid Schiff staining 

Scoring 
Control (N=25) (%) 

(Range) 

GDM (N=25) (%) 

(Range) 
p-value 

Hazy (<20%) 
15 (60.00) 

(7.07-18.50) 
0 (0) 

0.000* 

* 

Traces (20- 

39.99%) 

10 (40.00) 

(20.10-37.10) 

4 (16.00) 

(21.60-30.9) 

0.000* 

* 

Mild (40- 

59.99%) 
0 (0.00) 

4 (16.00) 

(40.50-42.70) 

0.000* 

* 

Moderate (60- 

79.99%) 
0 (0.00) 

11 (44) 

(63.20-79.80) 

0.000* 

* 

Strong (>80%) 0 (0.00) 
6 (24.00) 

(81.20-89.50) 

0.000* 

* 

 
(2-tailed) independent t-test; * highly significant at p≤0.001. 

Table (2): Expression of periodic acid Schiff stain in term and preterm of gestational diabetes 

mellitus placenta 

PAS stain 
Preterm 

(Mean ± SEM) 

Term 

(Mean ± SEM) 
P-Value 

Level of periodic acid 

Schiff stain 
42.3 + 16.4 63.6 + 4.7 0.05* 

(2-tailed) independent t-test; * significant at p≤0.05. 
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Figure (1): Control placenta showing: Hazy reactive, areas of glycogen deposition (arrow); 

terminal villous (TV) (PAS stain, 40X) 

 

Figure (2): GDM placenta showing: moderate reactive, areas of glycogen deposition (arrow) 

(PAS stain ,40X) 

 

Figure (3): GDM placenta showing: strong reactive, areas of glycogen deposition (arrow); terminal 

villous (TV) (PAS stain, 40X). 
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Periodic Acid Schiff stain was used in this 

study to detect the amount of the glycogen in 

the tissue samples, and was quantified using 

the Image J software. The software has been 

used in numerous studies to quantify PAS 

staining in animal placentas (Rampon, et al. 

[9] , He, et al. [10]). The current study classified 

PAS staining data into the five categories 

(Hazy, Traces, Mild, Moderate and Strong). 

This description is similar to the previous 

literature that have provided a descriptive 

analysis of PAS staining of placenta with 

diabetics (Tewari, et al. [11] , Nidhi SK [12]). 

The current study, showed PAS reactivity for 

the glycogen in tissue sections was much 

stronger in the gestational diabetic mellitus 

group compared to control group, which 

showed higher level in hazy reactivity, 

followed by a trace's reactivity but not a mild, 

moderate and strong reactions. It is mainly 

concentrated around the fetal blood vessel and 

around the villi. GDM placentae had the 

highest moderate positive and the strong 

reactivity, followed by the mild and trace 

reactions in some females that took insulin. As 

a result of this study in agreement, founded 

that the insulin-treated women have similar 

glycogen content to the healthy women 

(Desoye, et al. [7]). Furthermore, women 

undergoing the diet-intervention have only the 

slightly lower placental glycogen levels, which 

may be related to insulin receptor expression 

in trophoblast. In this study, PAS-stained 

sections revealed the highly concentrated 

magenta red staining area in GDM groups at 

the intervillous core, around fetal vessels, and 

in basement membranes of trophoblastic cells, 

which cover a terminal villi. There is an 

increased deposition of glycogen in GDM 

placenta are a common feature, mainly around 

fetoplacental vessels, the syncytiotrophoblast 

cells and villous stroma (Martino, et al. [13]). 

According to (Fard, et al. [14] , Treesh SA [15]), 

who used PAS stain to examine placentae 

diabetic mellitus, gestational diabetic mellitus 

and displayed a marked thickening of 

basement membrane in a diabetic placentae 

and the glycogen was deposit in the cells 

surrounding fetoplacental vasculature as well 

as within stromal cell of the terminal villous in 

comparison of the control groups. This finding 
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is consistent with the findings of the current 

study. 

5. Conclusions 

In conclusion, the Periodic Acid Schiff stain 

was much stronger in the Gestational Diabetes 

Mellitus group compared to the control group. 

It is mainly concentrated at the intervillous 

core, around the fetal vessels, and basement 

membranes of the trophoblastic cells, this is an 

indication that the highest glycogen content is 

found in diabetic pregnant women's placenta. 

In addition, the glycogen deposition in the term 

placenta were found to be higher than the 

preterm placenta of gestational diabetes 

mellitus group. 
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