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Abstract. It seems reasonable to expect that biochemical changes occurring in the pregnant woman with 
diabetes should be reflected in the placenta structure. However, it has not been possible to correlate 

placental morphology with glycemic control in a comparison between those with long life diabetes and 
poorly controlled gestational diabetes. In the present study we have histologically studied the 
syncytiotrophoblast of human placentae from overt diabetic and poorly controlled gestational diabetic 

patients. Using specific staining techniques and direct light microscopy we qualitatively studied these 

placentae and compared them with the normal placentae. We found fibrin thrombi, villous oedema, 
hyperplasia and thickening of basement membrane in the placentae of poorly controlled gestational 
diabetic mothers. Direct microscopy revealed that these various changes in syncytiotrophoblast struc-
ture were marked in the poorly controlled gestational placenta compared with overt diabetics, and 
could have been due to the presence of histochemical compounds e.g. general carbohydrates and lipids. 
These studies may indicate that poor control of diabetes during the gestation as indicated by high level 
HbAlc may result in the accummulation of carbohydrate compounds and fat droplets in the placental 
basement membrane, leading to structural changes in the placental cells.
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GESTATIONAL diabetes mellitus (GDM) is indi-

cated by abnormal glucose tolerance with onset or 
first recognition during pregnancy, but which was 

normal before and will usually be normal after 

pregnancy [1]. It is associated with increased risk 
of maternal complications and an adverse outcome 
of the pregnancy, including miscarriage, stillbirth, 

macrosomia, and congenital anomalies [2]. The 
definition applies whether insulin is used for treat-

ment or the condition persists after pregnancy but 
does not exclude the possibility that the glucose 

intolerance may have antedated the pregnancy. 

 In general, previous studies have suggested that 
abnormal placental structure results in diminished 

placental function and relates to perinatal loss and

morbidity [3, 4]. Diabetes in pregnancy is associ-
ated with risk to the fetus in terms of malforma-
tion, morbidity and mortality. 

 The morphological changes in placentae of Type 
1 IDDM have been investigated [5] based on their 
histological features, and the most frequently ob-
served lesion was that of relative placental imma-
turity despite near-optimal blood glucose control. 
Furthermore morphological studies on 
syncytiotrophoblast microvillous membrane of 

placenta in these types of patients [6] showed a 
significant increase in the surface density of the 
microvilli and in the microvillous surface enlarge-
ment features as compared to those of the controls. 
Moreover placentae from GDM class A have been 
studied [7] and the histological findings confirmed 
that this is a thickening of the capillary villous ves-
sels. • Quantitatively the percentage of peripheral 
villous surface area covered with microvilli has 
been determined in the placenta [6] and found to
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be 89%. Furthermore the oedema observed may be 

correlated to the swelling of hyaluronic acid mol-
ecules [8]. 

 The pathogenesis of these abnormalities is still 
far from being fully understood but there is a 

widespread impression that their extent and de-

gree are related not only to the severity and dura-
tion of the maternal diabetes mellitus but also to 

the degree of control of the diabetic condition dur-
ing pregnancy. 

 The present study characterized the histological 
changes in the microvillous membrane of the pla-

cental trophoblast from metabolically normal 
mothers and poorly controlled gestational diabetic 

(GDM) women who had abnormal metabolic con-
trol i.e. pregnant women who did not strictly fol-

low the management of diabetes mellitus during 

pregnancy. Moreover women with overtly dia-
betic pregnancy were included in the study.

     Subjects, Materials and Methods 

Control subjects 

 The control group comprised 6 women ran-
domly chosen from the outpatient obstetric care 
unit of the Nasyrria Obstetrics and Gynecology 
Clinics, Riyadh, Saudi Arabia. These women met 
the following criteria: normal oral glucose toler-
ance test (OGTT) with 75 g glucose [9], no endo-
crine abnormalities, no family history of diabetes 
and no hypertension at the end of pregnancy. 

Gestational diabetic women

 Six pregnant subjects were included in this 
study. GDM was diagnosed according to WHO 
criteria where one hour OGTT value exceeding 8.9 
mMol/L was considered to indicate gestational 
diabetes. Diagnosis for GDM was performed at 
the beginning of the second trimester where it was 
noted for the first time during this pregnancy. 
None of the pregnant women studied with posi-
tive OGTT followed the treatment as recom-
mended elsewhere [10] when they attended the 
antenatal clinic in the late third trimester on the 
initial presentation. These patients who were con-
sistently not following the strict management of 
GDM were called poorly controlled GDM patients. 
Three patients from this group were obese

(BMI>27) and among these three patients two were 
hypertensive. 

Overtly diabetic women 

  Six diabetic pregnant women were studied. Dia-
betes was classified according to White [11]. These 
subjects were treated with insulin if the fasting 
and/or post prandial blood glucose was greater 
than 5.8 mMol/L and greater than 6.7 mMol/L re-
spectively. Metabolic control was carried out in 
the hospital initially for instituting therapy and 
continued on an outpatient basis [12]. 

 Informed consent from all patients and control 
subjects were obtained before they were allowed to 
participate in this study. 

Methods

  1) Glycemic control: The OGTT was performed 

between the 20th and the 28th week of gestation 
after overnight fasting. Loading was performed in 

the morning with 75 g glucose dissolved in 300-
400 ml water. Blood samples were collected in 
EDTA tubes and separated serum was frozen at -

20°C for glucose analysis in a glucose analyzer 

(Beckman Instruments Inc., Brea, California, USA). 
Glycosylated haemoglobin (HbAlc) was measured 
in the whole blood by a microcolumn (Helena 
Laboratories, Beaumont, Texas, USA). 

 2) Placenta preparations: We were able to collect 
17 placentae, 6 normal human placentae (NHP), 6 

placentae from poorly controlled gestational dia-
betic patients (GDHP) and only 5 long standing 

overt diabetic human placentae (DHP) because one 
was lost when the patient left the city before the 

delivery. Samples of placentae were obtained after 
a full term vaginal delivery. Placentae with at-

tached umbilical cords and membranes were re-

ceived in the delivery room within 10 minutes of 
delivery, refrigerated and then sent to the histol-

ogy and histochemistry laboratories. Within 1 to 6 
h after receiving the placentae, umbilical cords 

were removed and the membranes were trimmed 
from the attachments on the edge of the placentae 

with 2 cm of its insertion. Excess blood clots were 
removed.

Histological preparations 

 1) Paraffin sections: The placenta were histologi-
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cally processed as previously described by 
Teasedale [13]. Briefly, small pieces of the chori-
onic frondosum layer were taken from the placenta 
of each subject, then fixed for 2 weeks in cold (4°C) 
10% buffered neutral formalin, Gendre's fixative 
and Elf tman's fixative. After fixation, the tissues 
were thoroughly washed in running water before 
processing. The tissues were dehydrated in 
gradual concentrations of 70%, 80%, 90%, and ab-
solute ethanol for 2 h in each solution at room tem-
perature. Specimens were then cleared by passing 
them through two sets of chloroform for three 
hours each. Paraffin wax with a melting point of 
65°C was used for impregnating and mounting the 
specimens. 5 to 7 µm thick sections were cut with 
an American optical microtome. 

 Sections were stained by histological staining 
techniques with haematoxylin-eosin, Mallory 
trichrome and Mallory-Azan after which histologi-
cal examinations were performed.

Data analysis

 Significance was 95% or more. All observations 

were carried out under a light microscope, and sig-

nificant differences observed.

Results

General characteristics of the patients are shown

in Table 1. Twelve patients were enrolled in this 
study, 6 of them were poorly controlled gestational 
diabetics and the rest were well controlled long 
standing overt diabetics. The age range of the pa-
tients was between 25 and 35 years and there was 
no significant age difference between gestational 
and overtly diabetics. An additional 6 pregnant 
normal controls were enrolled in this study and 
they were in the same age range when this study 
was conducted. 

 As shown in Table 1, the comparative fasting 
plasma glucose level mean ± SD was significantly 
higher in overt diabetes mellitus (6.4 ± 1.5 mM/L) 
than in gestational diabetics (5.9 ± 2.3 mM/L) in 
the second trimester. When following these pa-
tients up during the entire pregnancy, fasting 
plasma glucose levels were significantly higher in 
the third trimester among poorly controlled gesta-
tional diabetic mothers (P<0.001) than in frankly 
diabetic mothers. In the overt diabetic group, per 
cent HbAlc at the time of diagnosis was much 
higher than in the poorly controlled GDM patients, 
whereas in the third trimester the poorly con-
trolled gestational diabetics had a higher value (9.6 
+ 1.1%) than the overtly diabetic patients (P<0.001). 

Histological findings 

 The histological findings in the normal placentae 
group were typical of their gestational age. The 
placenta from poorly controlled gestational diabet-

Table 1. General characteristics data for 6 poorly controlled gestational d 
       overt diabetic pregnant women, and 6 normal pregnant controls*

iabetic women, 6
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ics and overt diabetic patients exhibited different 
histological features from the normal. The poorly 

controlled gestational diabetic placentae (Fig. 1C) 

showed marked villous oedema of the chorion 
frondosum layer and marked fibrin thrombi in the 

syncytiotrophoblast. Marked hyperplasia of the 

cytotrophoblast was also observed with moderate 
thickening of the basement membrane of the 

syncytiotrophoblast. In comparison, overt diabetic 

placentae (Fig. 1B) showed slight villous oedema 
of the chorion frondosum and moderate

hyperplasia in the cytotrophoblast but weak occur-

rence of fibrin thrombi was observed. The base-
ment membrane of the syncytiotrophoblast was 

slightly thickened in gestational diabetic 

syncytiotrophoblast (Fig. 1C). Fig. 1A shows the 
histological staining of the normal placenta in 

which the villous capillaries were normal and the 
membrane of the syncytiotrophoblast was normal. 

Results of the general histological staining are 

shown in Table 2. The table shows significant dif-
ferences among the three types of placentae.

Fig. 1. A: A section through the chorion frondosum in the normal placentae. (Haematoxylin-eosin stain, Magnification 

x 240). B: A section through the chorion frondosum of placenta from overt diabetic placentae showing slight 

villous oedema, weak fibrin thrombi, moderate hyperplasia and slightly thickened of the basement membrane. 

(Haematoxylin-eosin stain, Magnification X 240). C: A section through the chorion frondosum of placenta from 

poorly controlled gestational diabetic placentae showing marked villous oedema, marked fibrin thrombi, marked 
hyperplasia and moderate thickening of the basement membrane. (Haematoxylin-eosin, MagnificationX240).

Table 2. General histological findings in the chorionic frondosum 
membrane of the three different human subject placentae*

microvillous syncytial
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Discussion

  The data collected in the present study have 
shown that the placentae of poorly controlled ges-
tational diabetic mothers and the long standing 
well controlled diabetic mothers differ markedly 
from the control mothers by having significantly 
different histological abnormalities. Firstly our 
findings showed marked hyperplasia in the insuf-
ficiently controlled gestational diabetic placentae, 
slight hyperplasia was observed in well controlled 
life diabetic placentae, and in normal placentas the 
hyperplasia was absent. Winick and Noble [14] 
working on the placentae content measurements 
found an increase in the number of cells of normal 
size in the placentae of gestational diabetes. Jones 
and Fox [5] observed hyperplasia in gestational 
diabetes and in diabetic placentae during the phase 

growth in the human placentae which terminates at 
around the third trimester of gestation [13, 14]. 

  Secondly villus oedema was clearly observed in 

gestational diabetic placentae and slightly in well 
controlled diabetic placentae. Brudenell and 
Doddridge [15] reported that villus oedema is 
common in diabetic placenta. Also Shen-Schwarz 
[16] have observed the same features. In our study 
the thickening of the basement membrane of 
syncytiotrophoblast was clearly seen in poorly 
controlled gestational diabetic placentae compared 
with that in the well controlled diabetic placentae. 
Further studies reported that thickening of the 
basement membrane of syncytiotrophoblasts oc-
curs in diabetic placentae [17, 18]. 

 The villus oedema observed may be due to the 
accummulation of acidic mucosubstances, Nelson 
et al. [19] reported the presence of acidic compo-
nents at higher density on the surface of mem-
brane microvilli than on intermicrovillous surface 
membrane in normal pregnancies. Similarly it was 
reported that the thickening of the basement mem-
brane in gestational diabetic and diabetic placentae 
is the result of mucopolysaccharide deposition 
seen by intense Alcian blue staining at pH 2.5. 
Moreover, mucopolysaccharide deposition was 
also observed in all the cases of villous oedema 
[20]. The oedema observed may be correlated to 
the swelling hyaluronic acid molecules, and an in-
crease in mucopolysaccharide content, mainly hy-
aluronic acid, was found in overtly diabetic pla-
centae [21].

  The changes seen by us in placentas from 
women with poorly controlled gestational diabetes 

may be summarized as patchy syncytial necrosis, 

an increased number of syncytial secretory drop-
lets, dilatation of the syncytial rough endoplasmic 

reticulum, increased syncytial lysosomal activity, 

cytotrophoblastic hyperplasia, an increased num-
ber of active cytotrophoblastic cells, degenerative 

changes in occasional cytotrophoblastic cells, focal 
thickening of the trophoblastic basement mem-

brane, and narrowing of the lumen of already 
small fetal vessels by enlarged endothelial cells. 

 In our present study poorly controlled gesta-

tional diabetic patients, as indicated by glycemic 
control (glucose and HbAlc levels), showed a 
marked increase in the thickness of the basement 

membrane of the syncytiotrophoblast, this 

phenomenom being of minimal degree in the overt 
diabetic placenta and absent from the normal con-
trol placenta. It seems clear that the placental 

changes are independent of uteroplacental 
ischemia and are related solely to the presence of 
maternal diabetes mellitus. Therefore these quali-

tative and quantitative differences in placental 
findings between poorly controlled gestational and 

well controlled overtly diabetics support the hy-

pothesis that the maternal disease may produce a 
variety of alterations in the metabolic microenvi-

ronment of the placenta. This being the case, it is 
logical to assume that the less severe and better 

controlled the patient's diabetic stage, the less 
striking would be the placental abnormalities. The 

elimination of hyperglycemia will not therefore itself 

prevent the development of placental abnormalities 
and this must be due to some as yet unknown con-
stituent factor in the diabetic status which is only 

partially influenced by diet or insulin.

Acknowledgements

 This study was supported by research grant Bio 
1404/38 from the research center of the College of 
Science, King Saud University, Riyadh, Saudi 
Arabia. We thank Professor Noni T. Al-Taieb and 
Mr. Bashir Jarrar of the Zoology Department for 

giving us access to the histological and histochemi-
cal techniques that were used in this study. We 
also thank Mr. Noel Vigo for his technical assis-
tance and Mr. Zahoor A. Javed for typing the 
manuscript.



360 AL-OKAIL and AL-ATTAS

References

 1. O'Sullivan JB, Harris MI, Mills JL (1985) Maternal 
    diabetes in pregnancy. In: Diabetes in America, 
   Chapter XX, US Department of Health and Human 

    Services, NIH Publication No. 85-1468, XX 1-17. 
 2. Amankwah KS, Prentice RL, Fleury FJ (1977) The 

    incidence of gestational diabetes. Obstet Gynecol 49: 
   497-498. 

 3. Fox H (1969) Pathology of the placenta in maternal 
   diabetes mellitus. Obstet, Gynecol 34: 792-798. 

4. Fox H (1978) Diabetes mellitus. In: Pathology of 
    the Human Placenta. W. B. Saunders, London, pp 

   223-230. 
 5. Laurini RN, Visser GHA, Van Ballegooie E, Schoots 

   CJF (1987) Morphological findings in placentae of 
    insulin-dependent diabetic patients treated with 

   continuous subcutaneous insulin infusion (CSII). 
   Placenta 8:153-165. 

6. Teasdale F, Jean-Jacques G (1986) Morphometry of 
    the microvollous membrane of the human placenta 

    in maternal diabetes mellitus. Placenta 7: 81-88. 
7. Teasdale F (1981) Histomorphology of placenta of 

   the diabetic woman: Class A diabetes mellitus. 
   Placenta 2: 241-252. 

8. Wasserman L, Ahlesinger H, Abramovici A, 
   Goldman JA, Allalouf D (1980) Glycosaminoglycan 

   patterns in diabetic and toxemic term placentas. 
   Am J o f Obstet and Gynecol 138: 769-773. 

9. WHO Study group on diabetes mellitus, WHO 
   Tech Rep, Ser No 727:10-14,1985. 

10. Cabero L, Corcoy R, Cerqueira MJ, Codina M, 
   Rectoret G, Baro F, de Leiva A (1988) Treatment 

   and outcome of 100 gestational diabetics. In: 
   Gosmi EV, Di Renzo GC (eds) Proceedings of the

    XI European Congress of Perinatal Medicine. CIC 
    Edizioni Internationali, Rome, pp 143-149. 

11. White P (1978) Classification of obstetric diabetes. 
   Am J Obstet Gynecol 130: 228-230. 

12. Weis PAM, Hofman H (1984) Intensified conven-
   tional insulin therapy for the pregnant diabetic pa-

   tient. Obstet Gynecol 64: 629-637. 
13. Teasedale F (1980) Gestational changes in the func-

    tional structure of the human placenta in relation 
    to fetal growth: A morphometric study. Am J Obstet 

   Gynecol 137: 560-568. 
14. Winick M, Noble A (1967) Cellular growth in 

    human placenta II D. M. J. Pediatr 71: 216-219. 
15. Brudenell M, Doddridge MC (1989) Diabetic Preg-

    nancy. Churchill Livingstone, London, pp 99-134. 
16. Shen-Schwarz S, Ruchelli E, Brown D (1989) Vil-

   lous oedema of the placenta: A clinicopathological 
   study. Placenta 10: 297-307. 

17. Hirota K (1964) Electromicroscopic observations on 
    the human palcenta in maternal diabetes. Abstr in 
    Federation Processing. 23: 575. 

18. Okudora Y (1966) Ultrastructure of the human pla-
    centa in maternal diabetes mellitus. Lab Investiga-

   tion 15: 910-926. 
19. Nelson GH, Kenimer BK, Jones AE (1967) Thin 

   layer chromatography of placental phospholipids. 
   Am J Obstet Gynecol 99: 262-265. 

20. Jones CJP, Fox H (1976) Placental changes in gesta-
    tional diabetes: An ultrastructural study. Obstet & 

   Gynecol 48: 274-280. 
21. Chandramouli V, Carter JR Jr. (1975) Cell mem-

   brane changes in chronically diabetic rats. Diabetes 
   24: 257-262.


