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Abstract: The maternal obesity have adverse effect on mother and neonatal health also
developed serious metabolic risks in mother life related to change in adipose metabolic
process. The aim is to study the effect of dietary fat types on obesity development during
pregnancy and the role of Leptin to modulate energy balance after delivery and correlation
with metabolic problems. Female Wister rat feeding during the pregnancy period (3 weeks)
on one of the following diets: control diet (10%fat: tallow), high fat diet (45%fat: tallow),
moderate saturated fat diet (22.5%fat: tallow) and moderate unsaturated fat diet (22.5%fat:
olive oil). After delivery, dams exposure to control diet for 4 weeks, gestational weight
gain and postpartum body weight were recorded, plasma analysis were measured pre and
postpartum periods.

Feeding dams during pregnancy with saturated fat diets (45%, 22.5%) increased
gestational weight gain as higher energy consumed and elevated glucose, lipoprotein,
Leptin levels and reduced Insulin sensitivity by reducing HOMI even when exposure
postpartum to control diet, the previous parameters still high (W: 57.871£5.422 gm,
47.92346.110 gm; Glu: 16.033+0.472, 14.43340.399; T.ch: 2.276+0.022,1.790+0.024;
TG: 1.263+0.020, 1.135+0.010 mmol/L; Lep:6.876+0.020 ng/ml, 4.832+ 0.010 ng/ml;
HOMI: 26.702 + 0.200, 23.590+0.219) compared to control group, while feeding dams
with unsaturated fat diet (22.5% olive oil) showed favorable effect on gestational weight
and weight gain, plasma analysis including lipoproteins, Leptin, Insulin and HOMI levels
pre and postpartum periods (Pre: W:315.66+£9.127gm, 36.855+5.299 gm; Glu:
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13.23340.100; T.ch: 1.141+£0.011; TG: 0.74540.017 mmol/L; Lep: 2.759+0.009 ng/ml;
Insu: 1.379+0.004 ng/ml; HOMI:17.659+£0.122) (Post: W: 319.397+6.835 gm; Glu:
13.033+0.457; T.ch:1.270+0.031; TG: 0.889+£0.011 mmol/L; Lep: 3.18440.009 ng/ml,
Insu: 0.803%0.011 ng/ml, HOMI:10.1274£0.311). The nutrition type during pregnancy
influence on dams’ metabolic process, Leptin and Insulin sensitivity that effect on energy
expenditure and body weight even when change dietary fat type and proportion after
delivery, referring that the feeding through prepartum period is important in development
of maternal obesity.

Keywords: Maternal obesity, pre and postpartum Leptin and Insulin levels, metabolic
risks.

INTRODUCTION

Maternal obesity is one of the most public health problems that threat women during gestation period', it
associated with serious metabolic syndromes for both mothers and developing fetus that included
gestational diabetes, delivery outcomes, preeclampsia, hypertension® which reflected in childhood obesity
and diabetes®*. The excess weight gain during pregnancy increased in mothers the risk of venous
thrombosis®, coronary heart disease® high incidence of macrosoma” * and developed type 2 diabetes within
following ten years®. The distinct metabolic state of adipose tissue is responsible for maternal health
problems during pregnancy™”’.

The adipose tissue (visceral fat) had endocrine and immunological function in addition to adiposity'®, one
of the secretion hormone is Leptin which interact with Insulin to modulate energy homeostasis that regulate
body weight''. The saturated fatty acids had deleterious effect on body weight by increasing fat deposition'
because have low oxidative rate'? that correlated positively with plasma lepin and caused Leptin resistance
a characterization of human obesity'' therefore the obesity during gestation mediated by differences in
metabolic process arising from body fat deposition in addition to distribution'*. The control of body weight
through pregnancy is an important step for pregnancy safe, maternal and neonatal health. The few recent
studies either reported to the metabolic abnormalities of maternal weight gain or to the recommendations
for weight management, there is no study referred to the metabolic syndromes resulted from weight gain
after pregnancy or the activity of Leptin and Insulin on postpartum body weight or the role of these
hormones to manage weight after delivery associated with appropriate diet, therefore the aim of the research
is to study the effect of dietary fat consumption on body weight pre and postpartum periods and the role of
adiposity hormone in weight gain and metabolic abnormalities.

MATERIALS AND METHODS

Diet: Diet induced obesity in rodents (HF 45 % fat) and it"s control (LF 10 % fat) was formulated according
to the research diet INC USA". Moderate diet M.d with saturated or unsaturated fat (M.d-SFA, M.d-UFA)
was modifying according to the high fat diet of this study. The composition of the experimental diets shown
in Tablel.
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Table 1: composition of the experimental diets in the study.

Ingredients Control | HF M.d (22.5%)
(10% fat) | (45% fat) | tallow or olive oil

Casein 200 200 200

L- cystine 3 3 3

Cornstarch 315 72.8 286.55

Sucrose 385 272.8 286.55

Cellulose powder 50 50 50

Vegetable oil 25 25 25

Beef tallow 20 177.5 76.4%

Mineral mix 10 10 10

Dicalicium phosphate | 13 13 13

Calcium carbonate 5.5 5.5 5.5

Potassium citrate 16.5 16.5 16.5

Vitamin mix 10 10 10

Choline bitartarate 2 2 2

Total weight gm 1055 858.1 984.5

Total Kcal 4057 4057 4057.3

Total Kcal/ gm 3.85 4.73 4.078

* use beef tallow or olive oil in the diet.

Animals: Female Wister albino rats (216+3 gm weight) were acclimatizing on low fat diet for one week.
The virgin female rats were time mated by monitored ousters cycle in virginal smear before introducing to
the male (one male for each female, aged 17 -18 week). Day one of pregnancy was determined by the
present of spermatozoa. The females feeding during pregnancy either on low fat diet (control diet LF: 10
% energy from tallow) n=12 or on a high fat diet (HF 45% energy from tallow) n=12, or received moderate
fat diet (22.5 % fat) either tallow (M.d-SFA) n=12 or olive oil (M.d-UFA) n=12 through gestation period
(3 weeks).

Pregnant rats were housed in group (n=3 each cage) in standard cage, containing sawdust and maintained
on their assigned diet with free access to water. All animals were kept in constant room temperature (25-
30C°) and 12:12h light: dark cycle with free access to food and water. During the gestation period, daily
food intake and body weight were recorded for each group. The energy intake was calculated'®: Energy
intake = food consumed (gm) X total kcal/gm diet. Pregnant rats from each group either allow to get birth
or sacrificed (n=3) in the day 18 of gestation after anesthetizing with pentabarhital sodium 60 mg/kg body
weight, blood samples were collected and plasma stored at -78C° in deep freezing for biochemical and
hormonal measurements. On the days 21 and 22 of pregnancy, animals were monitored and observed during
delivery. After delivery dams’ body weight were recorded. The dams from each dietary group were
postpartum feeding with control diet for 4 weeks, at the end of the experimental period, dams body weight
were recorded and sacrificed (n=3), blood samples were collected and stored at -78C® for plasma analysis.
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Plasma analysis: Plasma glucose, total cholesterol (T-ch), triglycerides (TG), High density lipoprotein
(HDL) concentrations were measured by enzymatic method using diagnostic Kit from Randox (UK) and
Biolabo companies (France). Plasma rat Leptin and Insulin concentrations (ng/ml) were measured using
Rat Elisa kit from CRYSTAL CHEM INC. The homeostatic index of Insulin resistance (HOMA-IR) was
calculated according to the following equation'’: HOMA-IR = [Glucose (mmol/L) x Insulin (pmol/L)] +
155. Isulin converting to pmol/L: multiplying by 150'%.

Statistical analysis:Data were analyzed by one- way ANOVA or general liner model procedure using SPSS
version 15 statistic program. Comparisons between means were made using least significant differences
(LSD). Differences were considered to be significant at p<0.05. Data are presented as means + standard
deviation.

RESULTS

Maternal food consumed and energy intake: The female rats consumed high fat diet during pregnancy
period showed significantly (p<0.05) low rate of food consumption (125.663+5.275 gm) compared to all
groups but higher energy intake (595.0+£7.241kcal/3 weeks) as high fat percentage in their diet, following
by dams in M.d-SFA diet (133.331£5.470 gm, 538.048.100 kcal/3 weeks) with significant between the two
groups. No significant differences in maternal consumption between control and M.d-UFA diets
(129.5945.773 gm, 135.09147.100 gm) while the energy intake increased significantly (p<<0.05) in the last
group 529.67+7.560 kcal/3 weeks (figure 1and 2).

M.d- M.d-
SFA UFA

M food consumed| 135.091 | 125.663 | 133.331 129.59

LF HF

Figure 1: Food consumed during pregnancy period in dams of the tested
groups, LF(low fat 10%), HF (high fat 45%), M.d-SFA(22.5% saturated
fat), M.d-UFA(22.5% unsaturated fat). Mean (p<0.05).
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Figure 2: Energy intake during pregnancy period in dams of the tested
groups, LF(low fat 10%), HF (high fat 45%), M.d-SFA(22.5% saturated
fat), M.d-UFA(22.5% unsaturated fat). Mean (p<0.05).

Gestational body weight: HF dams during gestation period had significantly (p<0.05) higher body weight
compared to all groups (348.33+£9.652 gm) following with significantly by M.d-SFA dams (330.33£7.166
gm). The consumption of control or M.d-UFA diets resulted in low rate of body weight with significantly
between the two groups (318.67+£8.900 gm, 315.66+9.127gm) (Figure 3).
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Figure 3: Body weight during pregnancy period in dams of the tested
groups, LF(low fat 10%), HF (high fat 45%), M.d-SFA(22.5% saturated
fat), M.d-UFA(22.5% unsaturated fat). Mean (p<0.05).
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Gestational biochemical parameters: High fat diet consumption during pregnancy elevated levels of
blood biochemical concentrations included glucose, T.ch and TG with significantly (p<0.05) from all
groups, this effect also observed in dams on M.d-SFA diet. Fasting plasma glucose and lipoprotein
concentrations were low in dams consumed unsaturated fat diet (M.d-UFA) with significant (p<0.05) than
the control group except in TG level, also the HDL levels were significant (p<0.05) enhanced in this group
while decreased in HF and M.d-SFA groups compared with control group (table 2).

Table 2: Biochemical parameters in day 18 of pregnancy in dams of the tested groups, LF(low fat 10%),
HF (high fat 45%), M.d-SFA(22.5% saturated fat), M.d-UFA(22.5% unsaturated fat). Mean +S.D.

(p<0.05).
Treatments | Gluco mmol/L | T.ch mmol/L | TG mmol/L | HDL mmol/L
LF 12.233+£0.179d | 1.1294+0.015d | 0.750+0.020c | 1.134+0.019b
HF 16.196+0.153a | 1.900+0.050a | 1.520+0.024a | 1.011+0.058d
M.d-SFA 14.482+0.425b | 1.462+0.017b | 1.203+0.063b | 1.090+0.011c
M.d-UFA 13.233+£0.100c | 1.141+0.011c | 0.745+0.017c | 1.207+0.049a

Gestational hormonal parameters: Consumption of saturated fats in high (HF) or moderate percentage
(M.d-SFA) during the gestation period increased significant (p<0.05) fasting plasma Leptin and Insulin
concentrations this reflected to impair Insulin sensitivity by elevated HOMI concentrations. In moderate
unsaturated fat diet (M.d-UFA), the dams had normal levels of hormones and HOMI with slightly
differences compared control group (table 3).

Table 3: Hormonal parameters in day 18 of pregnancy in dams of the tested groups, LF(low fat 10%),
HF (high fat 45%), M.d-SFA(22.5% saturated fat), M.d-UFA(22.5% unsaturated fat). Mean +S.D

(p<0.05).
Treatments Leptin ng/ml | Insulin ng/ml HOMI
LF 2.701£0.001d | 1.391+0.006¢ 16.467+0.110d
HF 4.630+0.005a | 3.439+0.005a 53.901+0.106a
M.d-SFA 4.151+0.008b | 3.126+0.005b 43.810+0.116b
M.d-UFA 2.759+0.009¢ | 1.379+0.004d 17.659+0.122¢

Maternal weight gain: The maternal consumption of dietary fats types during pregnancy showed
differences in weight gain after birth, it increased significant (p<0.05) in HF and M.d-SFA dams
(57.87145.422 gm, 47.923+6.110 gm) while the M.d-UFA dams had the less weight gain (36.855+5.299
gm) compared to all groups with significantly (p<0.05) (Figure 4) .
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Figure 4: Pregnancy weight gain in dams of the tested groups, LF(low fat
10%), HF (high fat 45%), M.d-SFA(22.5% saturated fat), M.d-UFA(22.5%
unsaturated fat). Mean (p<0.05).

Postpartum body weight: Feeding dams postpartum on control diet (low fat diet) for 4 weeks showed

differences in body weight in the tested groups. HF females had significant (p<<0.05) higher body weight
(370.549+6.330 gm) following by M.d-SFA females (348.861+£8.211gm) with differences than the control
group (328.781+7.729 gm). The last body weight was recorded in M.d-UFA females comparing with all

groups (319.397+6.835 gm) (Figure 5).
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Figure 5: Postpartum body weight in dams of the tested groups after 4
weeks feeding on control diet, LF(low fat 10%), HF (high fat 45%), M.d-
SFA(22.5% saturated fat), M.d-UFA(22.5% unsaturated fat). Mean

(p<0.05).
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Postpartum biochemical parameters: Fasting plasma glucose, T.ch and TG were significantly (p<0.05)
still higher in HF female group after 4 weeks postpartum consuming control diet. Also this elevation was
presented in M.d-SFA group with significance between the two groups while the HDL level was low in the
two groups. The females of M.d-UFA group showed enhancing in postpartum biochemical concentration
even when fed on low fat diet without significant than the control group except in T.ch and HDL levels
with low concentrations (table 4).

Table 4: Postpartum biochemical parameters in dams of the tested groups after 4 weeks feeding on
control diet, LF(low fat 10%), HF (high fat 45%), M.d-SFA(22.5% saturated fat), M.d-UFA(22.5%
unsaturated fat). Means £S.D. (p<0.05).

Treatments | Gluco mmol/L | T.ch mmol/L | TG mmol/L HDL mmol/L
LF 13.046+0.541c | 1.278+0.012¢ | 0.911+0.014c | 1.547+0.010a
HF 16.033+0.472a | 2.276+0.022a | 1.263+0.020a | 1.269+0.029d
M.d-SFA 14.433+£0.399b | 1.790+0.024b | 1.135+0.010b | 1.364+0.015¢c
M.d-UFA 13.033+0.457¢ | 1.270+0.031d | 0.889+0.011c | 1.528+0.019b

Postpartum hormonal parameters: The females of HF and M.d-SFA groups had significantly (p<0.05)
elevated levels of fasting plasma Leptin and Insulin after 4 weeks postpartum feeding on control diet 6.876
ng/ml, 4.832 ng/ml, 1.721 ng/ml, 1.689 ng/ml respectively, while the females of M.d-UFA group continue
to show preferring Leptin and Insulin concentrations 3.184 ng/ml and 0.803 ng/ml with slight differences
than the control group (table 5).

Table 5: Postpartum hormonal parameters in dams of the tested groups after 4 weeks feeding on control
diet, LF(low fat 10%), HF (high fat 45%), M.d-SFA(22.5% saturated fat), M.d-UF A(22.5% unsaturated
fat). Means £S.D. P(<0.05).

DISCUSSION

Treatments | Leptin ng/ml | Insulin ng/ml | HOMI

LF 2.785+0.007d | 0.719+0.007b | 9.077+0.120 b
HF 6.876+0.020a | 1.7214£0.005a | 26.702+0.200a
M.d-SFA 4.832+0.010b | 1.689+0.009a | 23.590+0.219a
M.d-UFA 3.184+0.009c | 0.803+0.011b | 10.127+0.311b

The obesity during pregnancy associated with change in metabolic response resulted in many health
problems. The maternal physiology and metabolism were changed according to the nutritional needs for
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mother and fetus, this metabolic system differ in obese/overweight mother from their normal counterpart
during pregnancy'*"

Our results showed that during the pregnancy period, the calorie intake by HF dams was more than the
control group this related that HF diet more calorie dense compared to LF diet (4.73 kcal/gm, 3.85 kcal/gm)
this explanation was agree with other?', also this effect was shown in rats consumed moderate saturated fat
(M.d-SFA) with highly calorie consumption during pregnancy. The moderate unsaturated fat diet (M.d-
UFA) reduced the maternal energy intake, this result was agreed with other* that lowering in food intake
throughout pregnancy in UFA diet (18%) compared to control group.

The increasing in maternal weight through gestation in HF and M.d-SFA dams resulted from higher body
fat deposition as the saturated fat less oxidize tendency'®, this indicated from increasing in body weight
gain after pregnancy, our study result accordance with others®2*. The unsaturated fat in M.d-UFA diet
change the pattern of gestational body weight, that clearly from the reduction in pregnancy weight and
weight gain after birth, the reason may be related to unsaturated fatty acids oxidation viability”2° that
manage weight?” and increased energy expenditure®.

The maternal hyperlipidemia and lipoprotein concentrations in HF and M.d-SFA dams as resulted from
high level of liver triglycerides synthesis®® that have low oxidative rate’ which released VLDL?’
suppressed LDL receptors in hepatocyte and increased plasma LDL?',

The unsaturated fat diet enhance plasma lipoprotein concentrations in M.d-UFA dams as resulted from
antioxidant activity®* and diminish oxidative stress®.

The hyperLeptinemia and hyperinsulenimia in HF and M.d-SFA dams in late pregnancy period may related
to resistance to their action in hypothalamus®' and abnormal transport and signal transduction®® and referred
to hyperglycemia and reduced insulin resistance related to impair glucose transport (GLUT1, 4) in the cell*.

The unsaturated fat diet was effective to improve Leptin sensitivity as resulted to decreased triglycerides
level which enhance Leptin transport that in turn increased Leptin action®® also enhance insulin level by
modulating or changing glucose receptors or insulin binding proteins®’.

The results of this study demonstrated that differences in postpartum body weight reflected the metabolic
changes in dams during gestation period in spite of postpartum exposure to control diet, this effect specially
present in HF and M.d-SFA dams while the M.d-UFA dams showed favorable body weight and continuous
on their weight management, this mean the type of dietary fatty acid is important factor.

The maternal obesity resulted from genetic and environmental factors interaction, the diet belong to the
later that led to physiological change in adipose tissue*®. The normal maternal metabolic pregnancy process
included fat deposition in visceral compartment'* but the dietary fat type and composition showed metabolic
effectiveness in this study by biochemical and hormonal variations among the dietary groups. The
postpartum hyper-lipidemia, Leptinemia and Insulinemia in HF and M.d-SFA dams may be related to
differences in maternal metabolic adaptation resulted from feeding saturated fat diet during pregnancy while
the UFA diet enhance postpartum plasma lipid and hormonal levels that alter or activate metabolic process
of adipose tissue. The concentration of Leptin is correlated to body fatness before, during and after
pregnancy’® 4 41
sensitivity to Leptin action?. The maternal feeding with dietary fat diet may affect the adipose distribution

which influence gestational weight gain and postpartum body weight by altering

- J. Chem. Bio. Phy. Sci. Sec. B, Aug. 2014-Oct. 2014; Vol.4, No.4; 3232-3242.



Obesity ... S.J.Thamer.

in the body actively in visceral compartment in addition to fat deposited which in turn influence metabolic
process, this effect was observed by other'*.

CONCLUSION

This study elevated the effectiveness of nutrition fat type throughout pregnancy on development of maternal
obesity, the results demonstrated that the dietary fat type and proportion is important factor by causing
metabolic alternation reflected in body weight, Leptin level and Insulin sensitivity. Prepartum feeding with
unsaturated fat diet (22.5% olive oil) showed enhancing effect by preventing maternal obesity, improve
Leptin and Insulin action with favorable concentrations for glucose and plasma lipoproteins in spite of
postpartum feeding on different diet.
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