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1. Introduction   

Pregnancy results in a state of insulin resistance (Dahlgren, 2006) that appears to include a 

decrease in maximum insulin sensitivity or responsivity (Baban et al., 2010). This insulin 

resistance abates in the postpartum period (Kuhl, 1991). Insulin resistance is defined as the 

decrease of the biological action of insulin (Catalano, 2010; Robert, 1995), and it mainly 

presents as hyperinsulinemia (Baban et al., 2010; Robert, 1995) or decreased ability of insulin 

to regulate glucose utilization (Kim et al., 1996). 

The resistance to insulin can be characterized as pre-receptor (insulin antibodies), receptor 

(decreased number of receptors on the cell surface), or post-receptor (defects in the 

intracellular insulin signaling pathway). In pregnancy, the decreased insulin sensitivity is 

best characterized as a post-receptor defect resulting in the decreased ability of insulin to 

bring about glucose transporter (GLUT4) mobilization from the interior of the cell to the cell 

surface (Catalano, 2010). 

Most pregnant women are able to counteract the insulin resistance state by increasing their 

insulin secretion.  However, when the capacity of insulin secretion is not sufficiently large to 

meet the insulin resistance, glucose intolerance develops and the women develop 

gestational diabetes (Kuhl et al., 1985). 

Gestational diabetes mellitus (GDM) is defined as a carbohydrate intolerance of varying 

severity with onset or first recognition during the present pregnancy (Kaaja & Rönnemaa, 

2008; Damm et al., 1994; Summary and recommendation of the second international 

workshop conference of gestational diabetes, 1985; Shalayel et al., 2010). GDM has onset or 

discovery of glucose intolerance during pregnancy (Reece et al., 2009), usually in the second 

or third trimester (Shalayel et al., 2007). GDM carries long-term implications for the 

subsequent development of type 2 diabetes in the mother and increased risk for obesity and 

glucose intolerance in the offspring (Barbour et al., 2007). The world health organization 

defines diabetes in pregnancy as a fasting glucose ≥ 7.9 mmol/L or a value >11 mmol/L 2-

hour after a 75g glucose load (Shalayel et al., 2010; Campbell & Lees, 2000). 
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Impaired Glucose Tolerance (IGT) was previously known as chemical diabetes or subclinical 
diabetes (Shalayel et al., 2007). It may be defined as an intermediate group of individuals 
whose carbohydrate metabolism does not constitute diabetes but is not entirely normal 
(Brudenell, 1993). Thus, IGT designed glucose tolerance results intermediate between 

normal glucose homeostasis and overt diabetes (Kahn et al., 2005; Bilous & Donnelly, 
2010; Burch, 1994). It is diagnosed if fasting glucose ≥ 6 but < 7.8 m mol/L or 2-hour 
glucose > 7.8 m mol/L and <11.1 mmol/L (Shalayel et al., 2010; Hope et al., 1993). About 
25% of patients with IGT eventually become diabetic (Shalayel et al., 2007). 
In fact there are significant alterations in glucose metabolism during pregnancy (Catalano, 
1994). The carbohydrate tolerance is reduced, especially in the last trimester due to reduced 
sensitivity to insulin action (Hod &, Yogev, 2007).  
Insulin resistance is defined where a normal or elevated insulin level produces an attenuated 
biological response classically this refers to impaired sensitivity to insulin mediated glucose 
disposal (Wilcox, 2005). 
The objectives of this study were to stand on the state of insulin resistance that occurs in 
pregnancy and to assess the possible role of cortisol, human placental lactogen and prolactin 
in augmentation of such state. The study also showed the effect of some maternal risk 
factors such as age, parity, previous heavy babies and first-degree family history of diabetes 
in glucose tolerance impairment in pregnancy. 

2. Subjects and methods 

The study was carried on Sudanese pregnant women in the third trimester (34.2±0.63, 
35.97±0.71 and 36.53 ±0.64 current week of gestation for the GDM, IGT and control groups 
respectively). 

2.1 Subjects 
Thirty pregnant women with the GDM,30 pregnant women with IGT and 30 pregnant 
women with a normal glucose tolerance (control group) chosen from Khartoum teaching 
hospital, Khartoum north hospital, Soba hospital, Ibrahim Malik hospital, Maternity hospital 
and Fath-Elrahman Elbasheer referral center. Oral consent was obtained from all the 
participants involved in the present study. 
All subjects overnight fasted before the test. A fasting blood sample was drawn at 6:00 
O’clock a.m. then 75 g oral glucose dissolved in 200 cc water was given for each, waiting for 
2 hours and then another blood sample was drawn from each. 

2.2 Parameters analysis 

The concentration of fasting serum c-peptide, serum cortisol, human placental lactogen and 
prolactin (2-h after 75-g glucose load) were measured with the specific radio-immunoassay.   
Insulin: the concentrations of serum insulin in the fasting sample (0 min) and in the 2-hour 
after 75 g glucose load sample were measured with the specific immunoradiometric assay 
(IRMA). 
Anti insulin antibodies (AIA): the presence of circulating anti-insulin antibodies is semi-
quantitatively estimated by determination of the binding of tracer to AIA in the serum fraction. 
Plasma levels of glucose were assayed with a glucose oxidase kit while serum levels of 

cholesterol and triacylglycerols (TAGs) were estimated by the specific enzymatic 

colorimetric methods. 
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2.3 Statistical analysis 

Data were expressed as mean, standard deviation (S.D.), standard error of mean (S.E.), and 
95% confidence interval (CI) for mean. Comparisons were made using one-way analysis of 
variance (one-way ANOVA) and the significant differences among mean values were 
indicated by Scheffe test. Data of anti-insulin antibodies (AIA) of different groups of the study 
were compared by Kruskal–Wallis one-way ANOVA. The differences among the incidence 
percentages of family history of diabetes and previous heavy babies in the different groups of 
the study were assessed by calculation of z-values and their corresponding p-values. The 
correlation coefficient (r) is used to measure the closeness of the linear relationship between 
age and 2h-plasma glucose and between parity and 2h-plasma glucose. Calculations were 
performed using Statistical Packages for Social Sciences (SPSS) program. 

3. Results 

The GDM and the IGT pregnant women were found to be significantly older than the control 
women [32.8 ±0.93 year (mean ± S.E.) and 31.1±1.1 vs. 23.9 ±0.82 respectively, p<0.0001]. 
Incidence of previous heavy babies (≥ 4.5 kg at birth) of the IGT group was significantly 
higher than that of the control group (33.3% vs 6.7%, z=2.25 and p<0.05). Also, incidence of 
previous heavy babies of the GDM group was significantly higher than that of the control 
group (46.7% vs 6.7%, z=3.2 and p<0.01). 
Percentage of first degree family history of diabetes was significantly higher in the IGT 
group when compared with that of the control group (36.7% vs 10%, z=2.1 and p < 0.05). 
Much higher significant difference was shown between the GDM group and the control 
group (53.3% vs 10%, z=3.3 and p<0.001). 

3.1 Plasma levels of glucose 

The GDM women were found to have higher mean levels of plasma glucose when 
compared with the IGT and the control pregnant women as shown in table 1 and table 2 
(p<0.0001). 
 

 Mean S.D. S.E. 95% CI 

GDM 7.59** 1.85 0.34 6.9-8.28 

IGT 5.9* 0.45 0.082 5.73-6.07 

Control 2.91 0.43 0.079 2.75-3.07 

* Significant ** Highly significant 

Table 1. Fasting plasma glucose levels (0 min) in the three studied groups (mmol/L) 

 

 Mean S.D. S.E. 95% CI 

GDM 12.35** 3.11 0.57 11.19-13.51 

IGT 7.98* 0.69 0.13 7.72-8.23 

Control 4.35 0.65 0.12 4.11-4.6 

* Significant ** Highly significant 

Table 2. 2h-plasma glucose levels (120 min) in the three studied groups (mmol/l) 
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3.2 Serum cholesterol and triacylglycerols results 
It was found that the mean levels of serum cholesterol of the IGT group and that of the 
GDM group were significantly higher than that of the control group [252.5±13.17 mg/dl 
(mean ±S.E.), 239.07±14.82 vs 195.73±8.47 respectively, F=6.22 and p<0.003]. 
Also, it was found that the mean levels of serum triacylglycerols of the GDM group and that 
of the IGT group were significant higher than that of the control group [278.47±15.90 mg/dl 
(mean ±S.E.), 259.37±11.6 vs 188.63 ±8.92 respectively, F=17.81 and p<0.0001]. 
But, there was no significant difference between the mean levels of TAGs of the GDM group 
and that of the IGT group although the serum TAGs levels were greater in the GDM group. 

3.3 Serum c-peptide results 
Fasting c-peptides mean of the IGT group was not significantly higher than that of the GDM 
and control groups [0.34±0.04 p mol/l (mean ± S.E.) vs 0.26±0.03 and 0.28±0.04 respectively, 
p>0.05]. 

3.4 Serum levels of cortisol 
There was a highly significant difference (p<0.0003) between serum level of cortisol of the 
GDM group and the IGT group from one hand and between the GDM group and the control 
group from other hand (table 3). 
 

 Mean S.D. S.E. 95% CI 

GDM 937.2** 434.8 79.38 774.9-1099.6 

IGT 794.2* 331.5 60.52 670.4-918 

Control 597.3 169.4 30.93 534-660.5 

* Significant ** Highly significant 

Table 3. Serum cortisol (nmol/l) values of the three studied group 

3.5 Serum levels of insulin 

There was no significant difference among the mean fasting serum insulin levels of the 
studied groups [12.29±0.83 MIU/ml (mean ±S.E.), 14.93±2.17 and 2.39±2.25 for the GDM, 
IGT and control groups respectively, p>0.05]. 
The men level of 2h-serum insulin of the IGT group was significantly higher than that of the 
GDM group (68±6.71 vs 36.5±3.06, p<0.002) while, it was not significantly higher than that of 
the control group (68±6.71 vs 54.88±8.15). 

3.6 Serum anti-insulin antibodies (AIA) results 

The results of AIA binding percentage to the tracer (table 4) showed significant difference 
among the three studied groups [X² (df=2) = 7.34,p<0.025]. 
 

 Mean S.D. S.E. 95%CI for 
mean 

Mean rank 

GDM 25.11** 31.01 5.66 13.53-36.69 54.25 

IGT 7.18* 2.47 0.45 6.25-8.10 46.23 

Control 6.04 1.50 0.27 5.48-6.60 36.02 

* Significant ** Highly significant 

Table 4. Percent bound results of serum AIA 
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3.7 Serum hPL results 

Although the mean HPL levels of the IGT group and that of the GDM group were higher 
than that of the control group, there were no significant differences among them 
[7.15±0.49Mg/ml (mean ± S.E.), 6.85+0.58 and 5.73±0.24, p> 0.05]. 

3.8 Serum prolactin results 

Although the control group recorded the highest levels of serum prolactin and the GDM 
recorded the lowest results, there were no significant differences among the studied groups 
[123.6±9.61 ng/dl (mean ± S.E.), 145±15 and 150.2±9.7 for the GDM, IGT and control groups 
respectively, p>0.05]. 

4. Discussion 

There is an increased frequency of gestational diabetes in oriental women and those from 

the Indian subcontinent and the Middle East (Stewart & Taylor, 1994). Pregnancy and 

diabetes mellitus aggravate each other (Potemkin, 1989). Hormonal changes occur in 

pregnancy, which profoundly affect carbohydrate metabolism. The levels of estrogen, 

progesterone, human placental lactogen, free cortisol and prolactin rise progressively as 

pregnancy advances. Of these a number, notably human placental lactogen and cortisol are 

insulin antagonists. So, insulin resistance develops in the mother as the pregnancy 

progresses, and it is most marked in the last trimester. This leads to deterioration in glucose 

tolerance (Brudenell, 1993). This explains why IGT and GDM were only discovered in the 

third trimester of gestation. 

The results showed that many maternal risk factors affect the incidence of abnormal glucose 

tolerance (IGT & GDM) in Sudanese pregnant women.  

Maternal age is an established risk factor for gestational diabetes mellitus (GDM), but there 

is no consensus on the age above which there is significantly increased risk of GDM 

(American Diabetes Association, 2004). The finding that the IGT and the GDM groups were 

significantly older than those with normal glucose tolerance (control) group, agrees with 

many previous studies that approved the direct relation between advanced maternal age 

(<35) and greater risk for incidence of GDM (Solomon et al., 1997; Cianni et al., 2003). 

Moreover, the presence of a linear relationship between the age and the 2h-plasma glucose 

ensure that there is an age related deterioration of glucose tolerance and makes the age a 

very important maternal risk factor to affect glucose intolerance incidence. 

The association between parity and diabetes seems consistent in different studies. Women 

with highest parity are frequently older and heavier. Therefore, no study that evaluates 

parity could ignore a proper age adjustment (Dode & dos Santos, 2009). Multiparity has 

been associated with GDM in some studies but not in other ones (Seghieri et al., 2005; Ben-

Haroush et al., 2004).  

Kumari et al. (2002) found that grand multiparous women with parity > 10 had greater 

gestational diabetes mellitus incidence. 

Significant higher mean parity of the IGT and the GDM groups when compared with the 

mean parity of the control (normal glucose tolerance) group as well as the existence of a 

linear relationship between parity and the 2h-plasma glucose, make the parity a very 

important maternal risk factor in impairment of glucose tolerance. This may be explained in 

terms of the diabetogenicity of the pregnancy, which is related to a pronounced peripheral 
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resistance to insulin (Kuhl, 1991). Parity reflects the duration of exposure to the insulin 

resistance (Peters et al., 1995). Thus, one can conclude that higher parity may lead to 

accumulation of the diabetogenic effect of pregnancy. Consequently, much more glucose 

impairment occurs. 

Genetic factors play a part in the development of diabetes although the exact mode of 
inheritance is not established (Brudenell, 1993). Recent evidence suggests that the 
gestational diabetes has a strong genetic component and is usually NIDDM. Both GDM and 
NIDDM are characterized by insulin deficiency and by insulin resistance (Dornhorst et al., 
1990). This evidence agrees with that of Csorba and Edwards (1995) who showed that the 
development of both type II and GDM is probably governed by a complex and variable 
interaction of genes and environments. Moreover, they suggest that both beta cell 
dysfunction and insulin resistance is operative in the manifestation of these disorders. This 
may explain why the incidence of first degree family history of diabetes was significantly 
higher in the GDM and in the IGT groups when compared with that of the control group. 
Therefore, family history of diabetes is a very important maternal risk factor from the 
obstetrician’s point of view (Brudenell, 1993). 
The result that the GDM and the IGT groups have incidence of previous heavy babies 

significantly higher than that of control group, make previous delivery of a large baby to be 

a very important maternal risk factor since a tendency to bear heavy babies may precede the 

development of clinical diabetes by many years (Brudenell, 1993). 

Changes in lipid metabolism occur during pregnancy. Plasma levels of triglycerides, 

cholesterol and free fatty acids rise, and there is a greater tendency to ketosis (Campbell & 

Lees, 2000). Some studies showed that total triglycerides increase with gestational time in 

pre-gestational diabetic women, GDM women and healthy control women (Montelongo et 

al., 1992). 

Every aspect of lipid metabolism is affected by pregnancy. The plasma level of free fatty 

acids falls from early to mid-pregnancy and thereafter shows a significant rise. The same is 

true for the plasma level of glycerol. This is in keeping with the accumulation of body fat 

that occurs during the anabolic phase of pregnancy (first two trimesters). In the catabolic 

phase of pregnancy (last trimester), raised free fatty acids and glycerol levels are available as 

fuel to the maternal tissues to offset the increasing diversion to the rapidly growing fetus of 

glucose and amino acids. As with free fatty, glycerol and triglycerides, plasma levels of 

cholesterol and phospholipids are increased in pregnancy (Brudenell, 1993) taking in 

account that plasma triglycerides may be a physiological contributor to infant birth weight 

(Knopp et al., 1992). Thus, one can expect more increase of these lipid substances when the 

glucose tolerance deteriorates in pregnancy. Therefore, the mean level of serum cholesterol 

and triglycerides were significantly higher in the GDM and in the IGT groups when 

compared with the control (normal glucose tolerance) group.    

The changes in lipid metabolism are mediated by hormonal changes and fit into the general 

pattern of an increase in storage of glycogen and fat in most maternal tissues during the 

metabolic first two trimesters of pregnancy, followed by the mobilization of fuel for the 

benefit of both mother and fetus in catabolic third trimester (Brudenell, 1993). 

Boden (1996) demonstrated that in early pregnancy, insulin secretion in response to glucose 
is increased, peripheral insulin sensitivity is normal or increased and glucose tolerance is 
normal or slightly enhanced. In addition, there is maternal fat accumulation. During late 
pregnancy, there is increased fetal growth and increased fetal demand for nutrients. 
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Maternal responses to these demands consist of an accelerated switch from carbohydrate to 
fat utilization that is facilitated by peripheral insulin resistance and by high blood levels of 
lipolytic hormones. In patients with GDM, insulin resistance is either comparable or greater 
than in non-diabetic pregnancy whereas insulin secretion appears to be compromised.  
Changes in hepatic and adipose metabolism alter circulating concentrations of 

triacylglycerols, fatty acids, cholesterol, and phospholipids. After an initial decrease in the 

first 8 wk of pregnancy, there is a steady increase in triacylglycerols, fatty acids, cholesterol, 

lipoproteins, and phospholipids (Butte, 2000). There is a two- to threefold increase in basal 

triglyceride and cholesterol concentrations with advancing gestation. The increases are more 

pronounced in the GDM as compared with the normal glucose tolerant pregnant woman 

(Catalano, 2010). The higher concentration of estrogen and insulin resistance are thought to 

be responsible for the hypertriglyceridemia of pregnancy (Butte, 2000). 

Thus, it is concluded that in the third trimester of pregnancy, there is a competition between 

mother and her fetus on glucose uptake. This competition will be directed towards the 

benefit of the fetus. For this reason, the pregnant women do switch to other energy source 

rather than glucose such as fat to overcome the state of insulin resistance. 

The syndrome of insulin resistance is a group of clinically diverse disorders (Catalano, 2010; 
Flier, 1992). Pregnancy induces complex changes in energy metabolism, manifested clinically 
by insulin resistance (Bedalov & Balasubramanyam, 1997). Glucose tolerance deteriorates in all 
pregnant women, but only in 2-3% of all pregnancies is the deterioration sufficiently large to 
fulfill the diagnostic criteria for gestational diabetes1. Many previous studies demonstrated 
that pregnancy result in a state of insulin resistance and women with gestational-onset 
diabetes appear to have a greater degree of insulin resistance (Ryan et al., 1985). 
Why pregnancy is capable of inducing the temporary diabetic state is still partly unknown, 

although many other studies tried to put general points to explain this state.  

Bergstrom et al. (1990) revealed that an increased fasting c-peptide reflects insulin 

resistance. In fact, insulin and c-peptide are secreted in equimolar amount. However, 

because of its longer half-life, the plasma concentration of c-peptide is higher than that of 

insulin. Within limits, c-peptides levels can serve as valuable index to insulin secretion. 

Thus, low c-peptide levels are to be expected when insulin secretion is diminished whereas 

elevated c-peptides may result from increased beta-cells activity. 

Regarding our results, the serum fasting c-peptide mean level was the highest in the IGT 

groups (0.337± 0.038 Pmol/L) when compared with the GDM group (0.262 ± 0.025) and the 

control group (0.284 ± 0.041) although the differences were not significant (P > 0.05). This 

gives prediction to the higher insulin resistance in the IGT group when compared with the 

control group. 

Most pregnant women are able to counteract the insulin resistance in pregnancy by 

increasing their insulin secretion. This also explains the highest mean levels of insulin in the 

IGT group when compared with the control group. 

Although the insulin levels, (fasting and 2h-insulin) were lower in the control group than that 
of the IGT group, the glucose tolerance kept normal. This may support the suggestion that 
during normal pregnancy, the Staub-Traugott effect i.e., improved glucose disposal after 
successive glucose load administrations occurs and appears to be caused by mechanisms other 
than enhanced insulin secretion with successive glucose loads (Lewis et al., 1993). 
However, when the capacity of insulin secretion is not sufficiently large to meet the 
resistance, glucose intolerance develops and the women develop gestational diabetes 
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(Shalayel et al., 2010; Buchanan & Xiang, 2005). This may be due to the presence of high 
levels of insulin antagonistic hormones as hPL and cortisol (Carr & Gabbe, 1998) as well as 
high level of circulating anti-insulin antibodies which may make the pregnant women 
secrete more insulin to overcome the insulin resistance and eventually may lead to 
exhaustion of beta-cells of the pancreas. This explain the lowest mean levels of fasting c-
peptide, fasting serum insulin and 2h-serum insulin in the GDM group when compared 
with the IGT and the control groups. 
Damm et al. (1995) demonstrated that women who develop GDM have a relative insulin 
secretion deficiency, the severity of which is predictive for later development of diabetes. 
Furthermore, their relatively reduced beta-cells functions may be a significant pathogenic 
factor in relation to the high incidence of subsequent diabetes in women with GDM. This 
agrees with Paulus et al. (1995) who showed that the diagnoses of gestational diabetes 
mellitus are at a greater risk for developing diabetes in later life. 
Homko et al (2001) reported that patients with GDM during late pregnancy not only had 

severe deficiencies in insulin secretion rate (ISR) and were more insulin resistant than 

controls. In addition, the women with GDM had a major ß-cell defect that made it 

impossible for them to compensate for their increased level of insulin resistance, which 

occurred during late pregnancy.   

Our study also showed that the cortisol increases progressively as pregnancy advances and 

the mean cortisol level was significantly the highest in the GDM group when compared 

with the IGT and the control groups while its level was the lowest in the control group in 

the third trimester. This ensures the possibility role of cortisol as an insulin antagonist in the 

deterioration of the glucose tolerance in pregnancy. 

Cortisol is bound in the circulation to alpha-globulin called transcortin or corticosteroid-

binding globulin (CBG). The bound cortisol functions as circulating reservoir of hormone that 

keeps a supply of free cortisol available to the tissues. At normal levels of total plasma 

cortisol (13.5µg/dL), there is very little free cortisol in plasma, but the binding sites on CBG 

become saturated when the total plasma cortisol exceeds 20µg/dL. CBG is synthesized in 

the liver, and its production is increased by estrogen and its level is elevated during 

pregnancy. When the CBG level rises, more cortisol is bound, and initially there is a drop in 

the free cortisol level which stimulates adrenocorticotrophic hormone (ACTH) secretion. 

Therefore, more cortisol is secreted until a new equilibrium is reached at which the bound 

cortisol is elevated but the free cortisol is normal. Changes in the opposite direction occur 

when the CBG level falls. This explains why pregnant women have higher total plasma 

levels of cortisol without symptoms of glucocorticoids excess (Barrett et al., 2010). Cortisol is 

nearly totally (90%) bound to CBG up to concentrations of 25µg/dL. But, when cortisol 

concentrations rise above this level, as occurred in the IGT group (serum cortisol mean level 

= 28.57µg/dL) and in the GDM group (serum cortisol mean level = 33.71µg/dL), the 

binding capacity of CBG is exceeded and the proportion of unbound, free, cortisol rises 

greatly (Burch, 1994). This free cortisol increases glucose tolerance deterioration therefore 

confirms the dominating role of cortisol as a regulator of stress dependent insulin resistance 

(Lehrke et al., 2008). 

Human placental lactogen (hPL) is a single protein of 191 amino acids, which is encoded by 
two genes hPL/CS-A and hPL/CS-B, which are identical except for one minor difference in 
the single sequence coding region. The hPL/CS genes are clustered together with the pituitary 
growth hormone gene (hGH-N) and a variant GH gene, hGH-V, on the long arm of 
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chromosome (Davis, 1990). Human PL has only a limited homology with prolactin, but a very 
high homology with the growth hormone mRNA coding sequence, although in other species 
there is a more homology with prolactin than growth hormone. The hormone is synthesized in 
the syncytiotrophoblastic villous epithelium of the placenta and it is secreted into maternal 
blood (Davis, 1990; Strauss & Barbieri, 2009). Maternal serum hPL levels rise progressively 
from the first trimester through till term (Strauss & Barbieri, 2009) and this agrees with our 
results of serum hPL in the control group. Although, there were no significant differences 
among hPL mean level of the IGT and the GDM groups were higher than that of the control 
group. This non-significant slight increase in the IGT and the GDM groups may share in 
increasing insulin resistance in these groups when compared with control group.  
Some authors reported that pronounced fetal macrosomia may occur even with adequate 
maternal blood glucose control. The severe fetal hyperinsulinemia in this case may be 
imputed to some factor other than excessive glucose load, possibly hPL, which induces 
proliferation and enhanced function of pancreatic ß-cells. In concert with this hypothesis, 
maternal serum hPL concentrations measured in the third trimester are higher in diabetic 
pregnancies complicated by fetal macrosomia (Persson et al., 1995; Reis et al., 2002). 
The regulation of hPL secretion is not fully understood. Progesterone exerts stimulatory 
effects in early gestation, but not in late gestation. Finally the hPL/CS gene contains a 
binding site for the glucocorticoids receptor, suggesting a potential modulatory role for 
corticosteroids, and also has binding sites for a pituitary protein factor that is thought to 
regulate both prolactin and growth hormone gene expression (Davis, 1990). Furthermore, 
the very high levels of circulating estrogen that occur during pregnancy result in a parallel 
increase in the circulating levels of prolactin (Schlechte, 2007). This may explain the 
interconnection between hPL and prolactin since, it seems that prolactin, growth hormone 
and placental lactogen hormone are phylogenetically ancient hormones which in vertebrates 
have evolved from common ancestral molecules. These hormones share common effects in 
growth stimulation and lactation. Hypersomatotropism is associated with disturbance of 
glucose tolerance and insulin resistance. Hyperprolactinaemia, like hypersomatotropism, is 
associated with decreased insulin sensitivity (Foss et al., 1995). 
The present study (on control group) demonstrated that prolactin increases progressively 
from the first trimester through till third trimester. Moreover, our study revealed that there 
were no significant differences among the levels of serum prolactin in GDM, IGT, and 
control groups. This agrees with what has been mentioned by Grigorakiz et al. (2000). 
Consequently, there is no evidence that prolactin may be directly incorporated with the 
pathogenesis of glucose intolerance in pregnancy. This may agree with the study of 
Milasinović et al. (1997) who reported that there is no evidence of the functional connection 
between prolactin and glucose metabolism.  
Prolactin is found in large amounts in the amniotic fluid of humans and other primates, and 
it is now clearly established that the source of this prolactin is the placenta rather than the 
maternal or fetal pituitary. The endometrial lining of the uterus is greatly modified during 
pregnancy to form the decidua. This decidual tissue has been confirmed as the site of 
placental prolactin production by a number of different groups and the mature  
peptide hormone is immunologically indistinguishable from pituitary prolactin. 
Immunocytochemical studies have shown that the hormone is predominantly located in the 
parietal decidual cells and only very rarely in the chorionic cytotrophoblast. Amniotic fluid 
prolactin levels are very low in ectopic tubal pregnancy, confirming the role of the 
decidualized endometrium (Davis, 1990).  
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Amniotic fluid prolactin levels rise progressively after the 14th week human gestation and 

decline somewhat during the 3rd trimester. Prolactin secretion by the deciduas appears to be 

regulated quite differently from that in the pituitary gland. The first striking difference in 

regulation is that dopamine and dopamine agonists' drugs have no inhibitory effect on 

decidual prolactin secretion or amniotic fluid prolactin levels. Estrogen exerts a strong 

stimulation on pituitary lactotrophs but appears at most to have only small effects on 

decidual prolactin production (Davis, 1990).  

The very high levels of circulating estrogen during pregnancy result in a parallel increase in 

the circulating levels of prolactin in pregnancy. The prolactin increase is to prepare the 

breasts for lactation. Prolactin levels begin to rise at 5-8 weeks of gestation and parallel the 

increase in the size and number of lactotrophs (Schlechte, 2007; Corenblum, 2008).  

Progesterone appears to stimulate decidual prolactin secretion although it has little or no 

effect on decidual cells obtained in early pregnancy. Insulin stimulates both acute secretion 

and de novo synthesis of decidual prolactin (Davis, 1990). This may explain why prolactin 

mean level was the lowest in the GDM group as the level of insulin, which stimulates 

prolactin secretion, is the lowest when compared with the other groups (IGT and the control 

groups). 

5. Conclusion   

Now, it is clear that pregnancy is diabetogenic and characterized by increased insulin 

resistance which may be explained in term of reduced insulin secretion, reduced tissue 

sensitivity to insulin and increased secretion of hormones with an anti-insulin effect such as 

human placental lactogen, free cortisol and prolactin. All these characteristics with the 

incorporation of some maternal risk factors such as age, parity, previous heavy babies and 

family history of diabetes may lead to the impairment of glucose tolerance in some pregnant 

women. Most pregnant women are able to counteract the insulin resistance in pregnancy by 

increasing their insulin secretion or by switching to other energy source rather than glucose 

such as fat particularly in the third trimester to preserve glucose to the fetus. However, 

when the capacity of insulin secretion is not sufficiently large to meet the resistance, glucose 

intolerance develops and women develop gestational diabetes. 

6. Abbreviation 

 GDM, gestational diabetes mellitus; IGT, impaired glucose tolerance; hPL, human placental 

lactogen; TAGs, triacylglycerol; NIDDM, non-insulin dependent diabetes mellitus; CBG, 

corticosteroid-binding globulin; ACTH, adrenocorticotrophic hormone. 
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