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ABSTRACT

Maternal over nutrition may induce long term metébaomplications in offspring. We investigated #féects of
fatty acid composition of maternal diets throughth#g mothers’ life and during pregnancy on posthataesity,
puberty, leptin, insulin and metabolic parameter®ffspring. The obesity was induced by feeding high fat diet
HF (45%) for 12 weeks with control group LF. Theesé rats divided to five subgroups HF-HF (45% ta)oHF-
P.d (22.5% peanut), HF-O.d (22.5% olive oil),HF-M22.5% tallow), HF-LF(10% tallow) before mating dn
through gestation period until weaning ,the offsgriwas maintained on control diet .At puberty, Wweignd
metabolic parameters were recorded. The resultgaidd that from birth until puberty, pups of HFogip showed
higher body weight (p<0.05) compared to control Wich reflecting early onset of puberty. The cmntid feeding
on high fat diet (HF-HF), reduced pups weight amtreased mortality rate with early age of puberthe
unsaturated fat diets in HF-P.d and HF-O.d regutgtipups body weight and reducing mortality ratenwibrmal
age for puberty, except in HF-O.d group reach todéys .At puberty female offspring of HF and HF-gi®ups
had higher plasma leptin , insulin and biochemigarameters ,whereas the substituted with unsatdrdie
resulting in normal value of leptin and insulin &s while triglycerides levels was increased thaa ¢ontrol group
LF-LF. The data indicate the importance of maternatrition to develop obesity in the offspring, efhimay be
regulated by feeding with unsaturated fat diet.

Keywords: high fat diet, pregnancy, offspring, unsaturdsdiiet, leptin sensitivity.

INTRODUCTION

The maternal obesity have a greater influencedmased the risk of disease in their offspringdtiobd [1, 2, 3, 4]
in addition to their pregnancy complication [5] ahijher leptin level [6] it documented a problemboman
population with transgeneration effect [7]. Theritignal condition during pregnancy influence iretd and fetal
growth and disease in adulthood [8] few studiescamducted on the long term effect of excess motritluring
pregnancy or lactation on obesity development fepsing [9]. The epidemic of obesity and childhadidease in
development countries related partly to the astiocidetween prenatal nutrition and postnatal foodsumption
[10] some studies investigate the role of materiddl diet on fetal development [11]. Obesity durimgegnancy
playing a pathogenetic role in the developmenthe&se phenotype in offspring [12] the children whe laorn from
obese mothers are likely to be obese more tharchhdren from lean mothers [13] . The gestinatiodebetes
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effected on fetal development and increased the ohtbirth weight and enhanced diabetogenic tengdeénc
offspring [14]. Several studies reported the matkwver nutrition lead to cause cardiovascular waysfion in

offspring by increased the tendency of obesity imghired insulin tolerance [15, 16, 17]. The aimtlod study is
determined the effect of maternal diet enrichedhwdturated fat on development obesity , metalsgticirome and
puberty in offspring and the role of unsaturateddanodulate these effects .

MATERIALS AND METHODS

Animals:

Female Wister albino rats (6 weeks aged and 974 W&ight) were acclimatizing on low fat diet foreomeek
before introducing to the experimental diets, thienals either feeding on low fat diet (control dié¢t: 10% energy
from tallow ) n=12 or on a high fat diet (HF 45%eegy from tallow) n=36 for 12 weeks ( table 1) assigned as
experiment one of the study. All animals were keptonstant room temperature (25-30 c) and 12:light: dark
cycle with free access to food and water. in thgeenent 2 of the study a group of rats n=6 from ¢bntrol were
continued on low fat diet for additional 8 weekahile the rats from high fat diet group were divddato the
following subgroups ( n= 6). The first subgroupswantinued to feed on HF diet (45%) for additioBalveeks
(HF-HF). The second subgroup was received modéaatdiet (22.5 % fat) in which tallow was repladey olive
oil (HF-O.d) or peanut (HF-P.d) for additional 8 eks.. The third subgroup was received a low fat i@ %
tallow) for additional 8 weeks (HF-LF). The forthlgroup was received a moderate fat diet (M.d: 22.&@llow)
for additional 8 weeks (HF-M.d).

Diet: Diet induced obesity in rodents (HFd 45 % fat ) &@fglcontrol ( LFd 10 % fat ) was formulated accordiog
the research diet [18]. Moderate fat diet M.d (MFt , HF-O.d , HF-P.d) was modifying according e thigh fat
diet of this study.The composition of the experitatdiet shows in table 1.

Table 1: composition of the experimental diets inHe study.

Ingredients Control (10 % fat)| HF (45 % fat)| M.d (22.5%) tallow or olive oil| M.d (22.5%) peanu
Caseil 20C 20C 20C 158.1
L- cystine 3 3 3 3
Cornstarch 315 72.8 286.55 273.65
sucrose 385 272.8 286.55 273.65
Cellulose powder 50 50 50 36.22
Soy bean o 25 25 25 25
Beef tallow 20 177.t 76.4* 0
Peanut 0 0 0 183.8
Mineral mix 10 10 10 10
Dicalicium phosphatg 13 13 13 13
Ca'” carbonate 55 5.5 5.5 55
K citrate 16.5 16.5 16.5 16.5
Vitamin mix 10 10 10 10
Choline bitartarate 2 2 2 2
Total weight gm 1055 858.1 984.5 984.5
Total Kcal 4057 4057 4057.3 4057.3
Total Kcal/ gm 3.85 4.73 4.078 4.078

* use beef tallow or olive ail in the diet.

Study the reproductive performance:To study the reproductive function, virgin femaksr from each dietary
groups from the experiment 1 and 2 of the studyewssed : LFd , Hfd , LF-LF , HF-HF , HF-P.d, HF-OHF-LF
and HF-M.d ( n=6) .The virgin female rats weradimated by monitored ousters cycle in virginaleambefore
introducing to the male (one male for each femalged 17 -18 week ) .Day one of pregnancy was méted by
the present of sperms after vaginal lavage . Pragmas were housed in group (n=3 each cage) mdatd cage,
containing sawdust and maintained on their assiglietl with free access to water. All animals wesptkin
constant room temperature (25-30 c¢) and 12:12Hht:lidark cycle with free access to food and wabenring the
gestation period, daily food intake and body weighte recorded for each groups. On the day 2bf p2egnancy,
dams were monitored and observed during delivefierAdelivery, the pup’s weight was recorded. Hog hext
three days, pups mortality was recorded .Dams wenéinued on their assigned diet in each dietaoygrduring
the lactation period until weaning. After weaninige female and male offspring of each dietary expent were
weighed and then fed on control diet (10 % fron). fabe vaginal opining was examined daily, and thginal
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smears were collected and observed for the presdra@nified epithelial cells (estrus). Body weighcorded and

the female offspring were anesthetized and saedfiBlood samples were collected, Plasma storetBat.

Hormonal measurements:

Plasma rat leptin and insulin was measured usinglisa kit from CRYSTAL CHEM INC (for leptin cats 90040
USA, for insulin cat no. 90010 USA).

Biochemical parameters:

Plasma glucose , total cholesterol (T-ch), trighaes (TG) , high density lipoprotein (HDL), toadotein , albumin
concentrations were measured by enzymatic methdaty usdiagnostic Kit from Randox (UK) and Biolabo

companies (France) .

Low density lipoprotein (LDL) was calculated acdogito the formula Friedewal [19]: LDL cholesterolT.ch -
HDL - (TG/5) , very low density lipoprotein (VLDLyvas measured according to the formula Tietz [RQPL =

TG/5 . Phospholipids were measured accordingeddimula Tietz [20]: Phospholipids = 68 + (T-cl®89).

Statistical analysis:

Data were analyzed by one- way and two- way ANO\&kg a general liner models procedure using SP&ove
15.0 statistic program. Comparisons between tha dare made using least significant differencesD)LS
Differences were considered to be significant 41.p5.

RESULTS

Pups birth and weaning weight: pups of high fat dams give higher birth weighthnsignificantly (p<0.05) (6.600
gm) than obtained in control group, (table 2). Nortality was observed in pups after 3 days of kmbain both
groups. High birth weight were recorded in the PlE-and HF-M.d followed by HF-O.d and HF-Lf group$e
continuous feeding on high fat diet reduced puph bieight (5.10 gm). During lactation period thepp of HF-HF
and HF-M.d groups had mortality rate 1.6 and 1.8enthhe groups HF-O.d and HF-LF had rate 0.33. Afteaning
the female and male offspring showed higher weamiaight in HF group with higher puberty weight ienfales
that reflected the short time for puppetry compaoedontrol group (figures 1,2), Followed by higheeight in HF-
P.d group (42.33gm +1.37 for female and 43.67 g@2Bfor male) . Normal weaning weight in HF-O.d F-Hd
and HF-M.d groups . The female offspring of HF-Heup had the less weaning weight (29.67gm +1.0ligh)w
early puberty time whereas the male recorded welgt83 gm + 1.10 as the control with no significaatshown in
figure 3 . The results show delayed age of pubiertiF-O.d group (47.67 4.4 days). Puberty fenalesight
were normal in all dietary groups except in HF-HBup which showed the lower puberty weight (118-5&.64)
followed by HF-LF group with 122.67 gm + 2.51.

Table 2:weight and availability of pups related todams fed experimental diets

LF:low fat diet, HF:high fat dietLF-LF: low fat continued on low fat 10% , HF-HF:dfi fat continued on high fat(45% tallow), HF-P.dgin
fat fed peanut 22.5%, HF-O.d:high fat fed on olWe22.5% , HF-LF: high fat fed on low fat 10% , HWd : high fat fed on tallow 22.5%
.Means +S.D (p< 0.05) .

Treatment Pups_ weight Rate number‘of Rate number of Dead
at birth (g) Live pups at birth| pups at lactation day thre|

Lf (control) 5.608 +0.125 6+0.011 0
HF 6.601 +0.142 4 6+0.011a 0
LF-LF (control) | 5.567 £0.116 1 6+0.011a 0
HF-HF 5.100 + 0.200 ¢ 4+0.80c 1.6+0.23a
HF-P.d 6.100 +0.200 § 6+0.0l1a 0
Hf-O.d 5.700 £ 0.240 h 6+0.014a 0.33+0.1c
HF-LF 5.533 +0.271 6 +0.010 0.33+0.1
HF-M.d 6.033 +£0.208 ¢ 4.6 £0.260 b 13+02b
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LF HF | LF-LF | HF-HF | HF-P.d | HF-O.d | HF-LF | HF-Md
u female| 30.67 | 40.33 | 31.33 | 29.67 | 42.33 | 33.33 | 31.33 | 34.33
“male | 33.67 | 4233 | 31.67 | 30.33 | 43.67 | 32.33 | 31.67 | 32.67

Figure 1: weaninc body weight of offspring related to damded the experimental diets

LF:low fat diet, HF:high fat diet; LA=F: low fat continued on low fat 10% , -HF: high fat continuean high fat(45% tallow), H-P.d: high
fat fed peanut 22.5%, HB-d:high fat fed on olive oil 22.5% , I-LF: high fat fed on low fat 10% , HR : high fat fed on tallow 22.5% .
Means (p< 0.05) .
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LF HF | LF-LF | HF-HF | HF-P.d gz HF-LF | HF-Md

M puberty weight| 126 |143.67|127.67| 118 |126.33| 125 |122.67| 129

Figure 2: puberty body weight of females offspring related talams fed the experimental diets

LF:low fat diet, HF:high fat diet;LA-F: low fat continued on low fat 10% , -HF: high fat continuedn high fat(45% tallow), H-P.d: high fat
fed peanut 22.5%, HB.d:high fat fed on olive oil 22.5% , -LF: high fat fed on low fat 10% , HW : high fat fed on tallow 22.5% . Mea
(p<0.05) .

Offspring plasma leptin and insulin:

Female offspring of igh fat diet group (HF,H-HF) in the onset of puberty , had significantly Qu85) highel
fasting plasma leptin levels (2.31 ng/ml , 2.41%mig and insulin levels (0.540 ng/ml , 0.87 ng/ méspectively’
compared to the control group( table 3) . Conent by higher insulin concentration in female offsg of HF-M.d

group (0.98 ng/mL) and plasma leptin was highet52.ng/ml ). In H-P.d group, the concentration of plas
leptin was 1.621 ng/ml and insulin 0.59 ng/ml with significant from the corol groups . In H-O.d and HF-LF
groups, plasma leptin levels in females decreakgltly (1.261 ng/ml ,1.520 ng/ml) than the cottrgroup (LF-

LF) (1.600 ng/ml) , whereas their plasma insulit @ot differ from the control grou
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LF HF | LF-LF | HF-HF | HF-P.d |HF-O.d | HF-LF | HF-Md
Mopubertytime| 43.33 | 38 | 4333 | 37 | 4333|4767 | 42 39

Figure3:puberty time of female offspring related to damged the experimental diets

LF- LF:low fat diet, HF:high fat diet;F: low fat continued on low fat 10% , -HF: high fat continuean high fat(45% tallow), H-P.d: high
fat fed peanut 22.5%, HB-d:high fat fed on olive oil 22.5% , I-LF: high fat fed on low fat 10% , H¥H : high fat fed on tallow 22.5¢
.Means (p< 0.05) .

Table 3: plasma leptin and insulin concentratior in the day of puberty of female offspring related to dam fed the experimental diets
LF:low fat diet, HF:high fat diet;LA=F: low fat continud on low fat 10% , HFHF: high fat continue on high fat(45% tallow), }P.d: high fat
fed peanut 22.5%, HB-.d:high fat fed on olive oil 22.5% , I-LF: high fat fed on low fat 10% , HRLd : high fat fed on tallow 22.5% . Mea

+S.D (p< 0.05) .

Treatmers Female leptin ng/m|  Female insulin ng/ml
Lf (control) 1.400+1.10b 0.424+0.32 b
HF 2311+1.20a 0.540+0.42 a
LF-LF (control) 1.600+1.11c 0.54+0.33 b
HF-HF 2415+08la 0.87+0.13 a
HF-P.d 1.621+0.87 c 0.59+0.164 b
Hf-O.d 1.261+0.70 e 049+0.12 b
HF-LF 1.520+0.92d 0.40+0.17b
HF-M.d 2.155+1.05b 0.98+0.13 a

Table 4 : plasma biochemical concentration irthe day of puberty of female offspring related to dmsfed the experimental diets LF:low
fat diet, HF:high fat diet
LF-LF: low fat continue on low fat 10% , I-HF: high fat continued on high fat(45% tallow), HEd: high fat fed peanut 22.5%, FO.d:high
fat fed on olive oil 22.5% , HEF: high fat fed o low fat 10% , HFM.d : high fat fed on tallow 22.5% . Meat S.D (p< 0.05) .

Treatment Glucose Total cholesteral  Triglyceridgs
Lf (control) 12.37+1.89 0.654+0.23 2.710+0.13
HF 18.30+1.76a 1.667+0.20 a 5.32+0.21pa
LF-LF (control | 125+3.11c 2.80+0.8e 0.661+ 0.87e
HF-HF 21.40+1.23 a 5.933+ 0.9a 1.774+1.03a
HF-P.c 12.50+0.87 c 3.200+0.31d 1.206+1.58d
Hf-O.d 11.63+2.2d 3.400+0.76 ¢ 1.344+ 0.92c
HF-LF 14.23+0.95 3.300+1.1 1.376+0.89
HF-M.d 14.83+1.05 3.833+£2.15 1.562+0.94

Female Offspring biochemical parameters
Fasting plasma glucose ,total cholesterol (TG) &riglycerides (TG) were significantly (p<0.05) ieased ir
females offspring of HF diet groups (HF,-HF) (18.30 , 1.667 , 5.320 mmol/L ,and 21.40 , 8.93.774mmol/L
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respectively) compared to control group (LF-LF).8,2.80,0.661 mmol/L respectively) (table 4) .IR-HP.d group,
female plasma glucose was 12.50 mmol/L with noiigmt difference from the control group, consemnfuigy HF-

0.d group with significantly(p<0.05) (11.63 mmol/L)n HF-LF and HF-M.d group, high levels of plasgiacose
were recorded in females (14.23, 14.83 mmol /L eesipely). However, the plasma T-ch and TG weréltigall

groups with significant differences (p<0.05) frone tcontrol.

DISCUSSION

Our results demonstrate that the higher fetal weidhhigh fat fed dams (fed for 15 weeks) may basea by
changes in nutritional transport though placeritage up —regulation of specific nutrition’s likdugose and amino
acids indicating from higher protein gene expm@ssif glucose trans port Glut 4 and sodium coupkagtral amino
acid transport SANAT 2 [21] or either to the alyilivf placenta to take up chylomicron remnants dimies by
increasing mMRNA expression of fatty acid oxidatipotein PPAR rather than fatty acid transport [22[he
reduction in fetal growth in dams fed high fat dfet 23 weeks (HF-HF group) may explained by deseea
sensitivity of body tissue to insulin action asauited from highest insulin and glucose concentighat may have
an effect on placental nutrition transport, thatldohave an influence on the numerous events umsfgtowing
process or on reproductive hormones including pglahdin synthesis [23]. Diets supplemented withFAS
(MUFA or PUFA) prior and though pregnancy resulted normal fetus weight, especially with peanut
supplementation. The possible explanation eitheth® changes in maternal nutritional status durawvgim
maturation and in early embryonic development whial greater effect than the last trimesters afpacy due to
placental barrier development [24] or the fattydamdmposition of the diet may influencing on thehilinal plasma
phospholipids composition that may cause a conipetitetween fatty acid types which became morectffe in
altering the neonatal essential fatty acids stf28$ in addition to the beneficial role of oil/fatntioxidants to
increase fertility and reproductive performance [28]. Another factor may be attributed to the \ation role of
USFA diet on reproductive process, via providingracursor for prostaglandin synthesis and can nabelithe
expression pattern of many enzymes involved in Ipotistaglandin and steroid metabolism, also thegnn of
different PUFA in tissue of the reproductive tragflects dietary consumption [28]. Our finding oeaput effect
was similar to the findings of Tchokonte & Long®]2they found that intraperitoneal injection ofapet oil in
female rats increased endometrial receptivity; paegy rate and fertility by triggering decidulisatiand deliveries
than progesterone stimulate rats.

As shown in HF-HF and HF-M.d groups At birth, Puidigh fat fed dams had higher body weight thagirtrow
fat counterparts, the possible explanation thate@se in milk preference from HFd dams, Thereftire increased
food intake was due to increased milk productiohigh fat fed dams [30], or due to permanent irgega galanin
expression that induced a preference for fat ingesh neonatal overfed dams [ 31]. The increasatlylweight in
HF-HF and HF-M.d groups caused higher levels obipia cholesterol as the fat deposition that havéip®s
association with blood lipid [32] and higher plasigiaicose may be related to impair insulin seniitivalso
diabetes association obesity increased glycosylatemoglobin HbA1C [33]. Some of the following dtsl
conducted on the effect of extreme obesity to reduf€spring birth weight and body size [7] or tacliease pups
mortality [34] in dams fed a high fat diet, and eithiesearchers reported that obesity during pregnhave long
term effect on offspring development [17] , and thetabolism of offspring was effected and altergawerweight
and gestational diabetes which have greater prigdonsdevelop diabetes and / or obesity [35]. Pleanut group
(HF-P.d), olive oil (HF-O.d) low and moderate sated diet groups ,their offspring weight as thetoa , this data
demonstrate that different fatly acids had différeffiect on body weight , composition and metalmwli86]. The
alteration in activity of hypothalamus gonadotropgteasing hormone (HGRH) neurons and consequergése in
the release of gonadotropin from pituitary glandszathe release of gonadal hormones from gonads$niiade
puberty [37]. Our results indicate that fetal expesto HFd and HF-M.d diet influence the timingpafberty in rat
offspring. Body fat mass may contribute ( HF grguf88], and the fat rich diet also effect [39]ar it occur
independent on change in total body weight as shiowi-O.d group and HF-HF group [40].

High fat diet groups (HF, HF-HF) and HF-M.d femaléspring had higher leptin concentration ,this nmelated to
the quality of dietary fat during the suckling metiinfluence the leptin levels and the responsissnef the
hypothalami-pituitary —adrenal axis in rat pups][di may the high fat diet through gestation calugaothalamic
leptin resistance in offspring ,increase leptinelevand developing obesity [42]. Offspring normksma leptin in
HF-P.d and HF-O.d may caused by the effect of matdatty acid composition on leptin level in daarg in their
pups [43] or because sucking pups on unsaturatdai@ds may lower leptin as their mothers. Thpdreptinemia
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and hyperinsulinemia in offspring may cause byoed sensitivity to circulating leptin and / orutis in critical
receptor region in hypothalamus [44] by increasim@NA and protein levels of leptin receptor andulivsin HF
fetus hypothalami and increased mMRNA levels of ogeptide y and agouitrelated polypeptide indicatinexigenic
in offspring [12] these effects may be modulatedabtjvity of unsaturated fatty acid on leptin anduilin receptors
and increased their sensitivity and caused thefiom by decreasing insulin concentrations to ndimeels .
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