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OBESIDAD E INTERVENCION NUTRICIONAL ANTES Y DURANTE LA GESTACION Y SUS
EFECTOS EN EL METABOLISMO MATERNO

Ibanez c. Martinez PM, Rodriguez-Gonzalez GL, Zambrano E.
Departamento de Biologia de la Reproducci6n, INCMNSZ.
INTRODUCCION. La fisiologia y metabolismo fetal y neonatal pueden ser alterados por cam bios
durante periodos criticos del desarrollo, como la gestaci6n y la lactancia, 10 cual puede generar un
fenotipo asociado al desarrollo de enfermedades en la vida adulta como la obesidad. Es por esto que
el estudio de las condiciones metab6licas en la madre pod ria ayudar a conocer el origen de las
alteraciones en el metabolismo de la descendencia.
OBJETIVO. Evaluar algunas hormonas relacionadas con el metabolismo de Iipidos y carbohidratos
en ratas gestantes alimentadas con una dieta alta en grasa e intervenidas nutricionalmente
previamente y durante la prenez.
METODOS. Se usaron ratas hembras Wistar que fueron alimentadas ad libitum desde los 21 dias
de edad (d), ya sea con dieta control (5% grasa y 4kcal/g) 0 alta en grasa (20% de grasa y 5 Kcal/g)
y apareadas a los 120 d con un macho de la misma cepa, determinandose el dia 0 de gestaci6n al
observar espermatozoides en fro tis vaginal. Se formaron 4 grupos experimentales: control (C)
alimentadas con dieta control hasta el dia 19 de gestaci6n (dg), graso (G) con dieta alta en grasa
hasta el dia 19d9, grupo de recuperaci6n previa a la gestaci6n (RPG) can dieta alta en grasa hasta
los 90d y control hasta el dia 19 dg, grupo de recuperaci6n durante la gestaci6n (RG) con dieta alta
en grasa hasta el dia 0 dg Y control hasta el dia 19 dg. Se tomaron muestras sanguineas con ayuno
previo de 6h al dia 19 dg para determinar en suero las concentraciones de insulina y leptina par
Radio Inmuno-Analisis. Se realiz6 el anal isis estadistico par ANOVA de una via y prueba de Tukey.
RESULTADOS. EI peso corporal entre los grupos, tanto al apareamiento como at 19 dg no mostr6
diferencia significativa sin embargo al dia 19d9 los grupos G, RPG Y RG presentaron mayores
concentraciones de insulina respecto al C, para el caso de la leptina esta fue mas elevada para G asi
como para RG el cual es diferente a C y RPG.
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Figura 1. A} Concentraciones de
insulina a los 19d9 Y B)
concentraciones de leptina a los
19d9. Media :t EE. Datos que no
comparten la misma letra son
estadisticamente diferentes, p<O05
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Intervention thar decreases pre-pregnancy obesity
recuperates effeet.5 of marernal obesity and high far
diet on adipose tissue and glucose tolerance of rat
male offspring

P.M. Martinez', e.L Rodriguez, P.W. :-Iatllaniel.sz',
E. Zambrano 1

IDepamnmt of Biolog:l of IUproduction, lrot£:uto Naciona! d~
Ci~nci4S M~'dic.:zsy Nutricion Safvadar Zubiran, MeXico, D.E;
'Cm:", fOr Prrgnaney and H"",60m Rrsearch, Univmity of
Texas Health Scirnus em:" San Antonio, TX. USA

Objective: Maternal pre.pregnaney BMI is a major derermi.
nant of adverse rat male offspring (OFF) metabolic Ouccomes
resulting from maternal obesity (MO) l. Although rodent
models of developmem.l programming of OFF, adipose
tissue (AT) and glucose rolerance (eD have be~n exrensivdy
studied no studies exist On effectiveness of interventions {Q

reduce food intake prior co pregnancy on OFF OUtcomes. We
induced MO prior ro rat pregnancy with high far dier (F) and
determined if MO reversal before mating recuperares effecrs
on OFF AT and eT.

it,lethods: Mer weaning female Wisrar rats randomly received
eirher conrrol (C) rodem dier 5001 (Teklad _ 5%F) Or high
fat (F - 25%F added to C). One month before breeding 50%
of F females wen: recuperated (R) on C die~for the rest of me
srudy induding pregnancy (P) and lacration (L) while
remaining F were fed F during P and L. Ac pOstnatal day
(PND) 120 .lI three groups were bred and remained On rheir
pre.pregnancy diet in P and L Litters were adjusted rolO
pups/dam. Body and subcutaneous fat weight, serum leptin
(RIA) and triglycerides (TC) were averaged in ["NO random
m.le OFF per Jitter ar weaning (21 PND). OFF visceraJ far
cell siz: and gonadal F mass Were measured at 150 PND. An
iv eIT was performed ar 120 PND. Dara M::: SEM,
an.lysis ",,'iOVA, n; 5 morhers/group.
Results: 1vlarernal breeding weight was hi~her in F vs C wich
R imermediate (C: 213 :!:9', F: 262 :!: 13 and R.: 232 ::: 7,b
g, P < 0.01). F maternal serum Jeptin at weaning was higher
rhan C and R (C: 0.8 ::: O.I', F: 3.8:!: 0.1b, R: 1.2::: 0.1'
ng.ml-

1
, p < 0.001). Pup weights were similar ar birrh and

weaning (Fig. lA) when F pups had more far (Fig. 1B), serum
Jeprin (Fig. lC) and Te (Fig. 10). 150 PND viscer.l far cell
size was greatest in F, leasr in C with R intermediate (Fig. IE)
as was gonad.l fat mass (dara not Shown). 120 PND serum
eIT glucose was recuperated in R (Fig. IF) (insulin in
progress).

Conclusions: Dietary interve:1tion thar decreases maternal
weighr from 123% of C ro 109% of C before P continuing

Objeuive: Preconccprional nutritional Status of women,
calculared using body mass index (P-BM)), and gemrion.l
weight gain (GWG), are important determinants of birth
weight

l
. Their joifiC effects have nor been ass~sed in Chilean

dara using recently devdoped criteria for dassiFjing P-BlYfI
and eWe.

.V~thods: Prospectively coUeered J11onymous data from a
Santiago marerniry- ward surveillance system was used. Single,
rcrr:l, non-smoking and uncomplicated pregnancies from
1 r ,266 women delivering their newborns bernreen 2000 and
2004 were included in the analysis. The new cficeria [Q

classify women's nutritional starus based on P-B!vfIl• was
applied: underweighr «18.5), norm.l (l8.5-24.9), over-
weighr (25-29.9) and obese (;"30). A recendy used criteria
for ewe dassification was .lso applied, as: low « 10 kg),
medium (lO-I5 kg), high (l6-19 kg), very high (;"20 kg)2
Rdative risks (RR CI 95%) for birth weighr <3000 g, as a
proxy for IVeR, and ;"4000 g, as a proxy for FM, were
c.lculated for each caregory of rhe combined P-BMI and
G'XTG classifications; non-risky subjects were defined as rhos

eborn from normal P-BMI WOmen having medium GWG.
Appropriate institutional ethics committee clearance was
Obtained.

Ri!sults: A significanr reduction in the RR of IUGR was
observed wirh high and very high eWe in underweight
women: RR (Cl 95%); 0.42 (O.2-{).89) and 034
(0.15-0.79), respectively. In norm.l P-BMI women rhe RR
of IliGR Was inversely related to ewe: RR (Cl
95%); 1.41 (1.19-1.66), 0.80 (0.67-0.96) and 0.48
(0.36-0.62) for low, high and very high ewe, respectively.
Also in norm.l women rhe RR of FM was directly related to
ewe: RR (CI 95%); 0.38 (0.26-0.55), 1.40 (1.16-l.70)
and 2.35 (l.95-2.82) for low, high and vcr; high ewe,
respectively. On rhe other hand, high and very high ewe
was rdaced ro an increased risk of F~f in ovenveight women:
RR (CI 95%); 1.44 (1.16-l.80) and 2.11 (1.70-2.61),
respectively. These effects were similar in obese women.
Interestingly, a low GWG in bach ovenveight and obese
women was associaced to a reduction of FM risk: RR (el
95%) ; 0.76 (O.61-{).96) and 0.56 (0.44-0.73), respecrively.
However, restriction ofGWG in these over nourished women
was associated to an increased RR of IVeR: RR (Cl 95%)
1.29 (l.00-1.68) and l.66 (l.01-2.74), for overweight and
obese women, respectively.

Conclusions: Heavier women may bendit from avoiding high
and very high ewe, which is associated wirh a relatively low
increase in the risk of IUGR; the later results may be
improved using proportionate co macernal height GWGJ.

High GWG in undenveight women does not appear to have
deleterious consequences for their infants and low GWG was
dearly associated with IUGR, as recently reporred2.

1. I:1stiruce of :Vfedicine. National Research Council. Weighc
gain during pregnancy: re-aamining the guidelines.
Washington, DC: Nation.l Academy Press, 2009.
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recuperates effects of maternal obesiry and high fat
diet on adipose tissue and glucose tolerance of rat
male offspring
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ID~parrm~ntof Biology of RqJroduetion. Imtir-.•to Nacional de
Ci~nci4sM~'dicasy Nutricion Salvador Zubiran, }.{azco, D.E;
2C,nm fOr Pr'f?laney and N=bom Rmarch, Univmiry of
Tc<as H~althSeimas emfa San Antonio, TX. U.s."!

Objective: Maternal pre-pregnancy BMI is a major determi_
nant of adverse rat male offspring (OFF) metabolic OUtcomes
resulting from maternal obesity (MOf. Although rodene
models of developmeneal programming of OFF, adipose
tissue (AT) and glucose tolerance (GT) have been extensively
st'..ldied no srudies exist on effectiveness of inrerventions ro
reduce food intake prior to pregnancy on OFF OUtcomes. We
induced MO prior to rat pregnancy with high fat diet (F) and
derermined if MO reversal before maring recuperates effeCts
on OFF AT and GT.

111erhods: After weaning female Wistar rars randomly received
either conceol (C) rodene diet 5001 (Teklad _ 5%F) or high
fat (F - 25%F added to C). One month before breeding 50%
of F females were recuperared (R) on C diet for rhe rest of the
srudy including pregnancy (P) and lactation (L) whJe
remaining F were fed F during P and L At postnatal day
(PND) 120 all three groups were bred and remained On their
pre-pregnancy diet in P and L. Liners were adjusted tolO
pups/dam. Body and subcutaneous far weight, serum Jeprin
(RIA) and ceiglycerides (TG) were averaged in two random
male OFF per liccer at weaning (21 P!\D). OFF visceral fat
cell size and gonadal F mass were measured at 150 PND. An
iv GIT was performed at 120 P""D. Data M:,: SEM,
analysis A..'10VA, n = 5 mothers/group.
Ruu/ts: Maternal breeding weight was hi~her in F vs C with
R intermediate (C: 213 :': 9', F: 262:': 13 and fl 232:,: 7'b
g, p < 0.0l). F marernal serum leptin ar weaning Was higher
than C and R (C: 0.8:,: 0.1', F: 3.8:': 0.1 b, R: 1.2:,: 0.1'
ng.mj-I, p < 0.001). Pup weights were similar at birch and
weaning (Fig. IA) when F pups had more fat (Fig. IB), serum
!eptin (Fig. IC) and TG (Fig. 10). 150 PND visceral fat cell
size was grearest in F, leasr in C with R inrermediare (Fig. IE)
as was gonadal far mass (dara nor Shown). 120 PND serum
GIT glucose was recuperated in R (Fig. IF) (insulin in
progress).

Conclusions: Dietary imervention tb.at decreases maternal
weight from 123% of C to 109% of C before P continuing

Objeaive: Preconceprional nucrirional sracus of women,
alcu1ated using body mass index (P-BMI), and ge.m.tional
weight gain (GWG), are irnporrant dererminanrs of birth
weight'. Their joint effecrs have not been assessed in Chilean
daea using tecency developed criteria for classiJYing P-BMI
md GWG.

lvIt!!hods: Prospectively coUected anonymous da:a from a
Santiago materniry ward surveillance sysrem was used. Single,
rerro, non-smoking and uncomplicated pregnancies from
11,266 WOmen delivering their newborns bernreen 2000 and
2004 were included in the analysts. The new criteria to
dassifY women's nutritional Starns based On P.Bl\fI', was
applied: underweight « 18.5), normal (I 8.5-24.9), over-
weight (25-29.9) and obese ("'30). A recency used criteria
for GWG classification was also applied, as: low « 10 kg),
medium (I0-15kg), high (I6-19kg), vel}' high ("'20 kg)2
Relative risks (RR CI 95%) for birch weight <3000 g, as a
proxy for IUGR, and "'4000 g, as a proxy for n,!, were
alculated for each categol}' of the combined P-BMI and
ewe classifications; non.risky subjects were defined as dlOS

eborn from normal P-BMI WOmen having medium GWG.
Appropriate institutional ethics commirtee clearance was
obrained.

R~su/t.s: A significant reduction in dIe RR of IUGR was
observed with high and veri high GWG in underweight
women: RR (CI 95%) = 0,42 (0.2-0.89) and 0.34
(0.15--0.79), respectively. In normal P-BMI women the RR
of IUGR was inversely related to GWG: RR (CI
95%) = 141 (1.19-1.66), 0.80 (067-0.96) and 0,48
(0.36-0.62) for low, high and vel}' high GWG, respectively.
Also in normal women the RR of FM was directly rdated to
GWG: RR (CI 95%) = 0.38 (0.26-0.55), 1,40 (1.16-1.70)
and 2.35 (1.95-2.82) for low, high and vel}' high GWG,
respectively. On the other hand, high and vel}' high GWG
was rdated to an increased risk of FiYf in overweighr women:
RR (CI 95%) = 1.44 (1.16-1.80) and 2.11 (1.70-2.61),
respectively. These effects were similar in obese WOmen.
Inrerestingly, a low GWe in boch overweight and obese
women was associated to a reduction of FM risk: RR (CI
95%) = 0.76 (0.61-0.96) and 0.56 (044--0.73), respectively.
However, restriction of eWG in these Over nourished women
was associated to an increased RR of IUGR: RR (CI 95%)
1.29 (1.00-1.68) and 1.66 (1.01-2.74), for over-veight and
obese women, respectively.

Conclusions: Heavier women may benefir from avoiding high
and very high GWe, which is associared with a relatively Jow
increase in the risk of IUGR; the larer results may be
improved using proportionate co maternal height eWG3.
High eWe in underweight Women does nOt appear co have
delererious consequences for their infants and low ewe was
dearly associared with IUeR, as recently reponedl.

1. Institute of N!edicine. National Research Council. Weight
gain during pregnancy: re-examining the guidelines.
Washington, DC: National Academy Press, 2009.
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Reproouctive Sciences Vol. 17. NO.3 (Supplement), Marcn 2010

.1lto 0,48 % a.10ng/ml and 04.1:: O.08::glml a: 6 ane t2 :Dooths r:spe:::::vely
a.~r RYGB su.--gery. Evaluaticr. of additional samples will je COffi?leted and

;:Jresented at the meeting.
Conc1usions:RYGB s~e:y suppor.s a Icng te:::1. r:cuc:ion U: BMI. Trends
seen i.e plasrt:a esrradiol-17 ~. plasma testcs::rone lnC ur.:J.arj eSll'oge:l
:;Je2~lite levels ane:- RYGB inc.icate favorable changes towar:is a nOr:T.al
:eproducnve hormonal I:".ilie'J. Such changes conc~ Wlth ~'l:pestOv: =:1'e::s
o:we:ght reduC:lon on rt?foduc::vl: outcomes.

~n
Dietary Interventions To Reverse Effects of Maternal 0'1) Obesit)' (MO)
and High Ene:-gy Obesogenic Diets (HEOD) Have Very DiffereDC Outcomes
According to the Timing of tbe [ntervention. P:te: W 'Sao.am:lsz, \ Pao;a
Ma:t.nez,: Carlos :-oanez, l Guadalupe L RoCriguez, ~Elella .l.a..:=.branc.lIDep:.
OB/GYN. '..JTHSCSA.. San AnTonio, TX USA, 1Reproc'uc.7ve Biology, INJliSZ,
Mexico, DF, MeIlcO
Introduction. MO and E-:EOD prior:o a=c' du.....•ng g~statioe. hav: adve:-se
efi'e::ts 00 both M and fe:-..:.s(F). -:nere is :urreo::'y much :linica! iI:terest :n
the develcpme:1t of effec:ive dieta.l')' i.::J.te:ventioD.sto reverse these adver.;e
::lUtcoces. We producd MO by feeding a H30D. We nypot!:les:zed that
;::repregnancy recuperatioD. (?PR) on a ncrn:.at Clet fe: one month before
br:eding resu~:s in different M anC. F outcooes to recuperation during

p"gnm,y (PR).
Methods. After wean:.ng (CiR. :1=5) female 1N1.starrats we:e fe:::::cr.trol,oCe.::,t
diet 50C1 (5% fat, 4,0 Kcai/g) a",j l5 re::eivec :GOD (25% fat, 4.9 KcaVg)
One month before '::!reed.iDg5 :iSOD :-a:s we:e returned to CTR die: (PPR),
.Another 5 EEOD rats were :-e~rned to t.1-eC:-R diet at concepcion (pRj, 5
MO rats rerca:ned an r..EOD :.:u-cugh pregnancy. :K.ats were e'.lti::aoizee. at 19
:. gestaooo (dG), M liver weight serurr.leptin we. insuEn (R.:r-), placen~l a::.d
F weig..'lt were rr.easu.--ed Da:a M ~ SEM . .Analysls A..•~OYA.
Results. Tne:-e were nO ddere:lc~ ir. ~ body w:igh: at concep:ion 0:- 19 e.G
(Fig 1A). At 19dG MO liver weight was iowe: vs al1 other g:ct:ps (cata not
sbowc.). Ma~r::Ia.l ser~ insulin was higher me. notdife~nt ber;vee::J.MO, ?PR
ax.dPR groU?S compared wit.1-CTR(Fig. 13). Mater:.al !epr..nwas recuperate::
:.n P?R but nO[ ?R (Fig. lC). There w,::re:to diEere:::lces berNee!: groups x
placental uCo ::-we:gnt, 'au: total placenta..: and F weig:bt ?e~ :not.l"er was also
~e::t:peratec. ir. ?PR (CTR: 23.4:t :.4a, MO: 27.3 = 1.9bc, P?R.: 233:: 3.3a~,

PR: 30.5 • 1.5', g, p<0.05).

• d .ial.
j

.~ 1:1 .u._il H_, _,_it. .-
C"> ••••• _.... .:"" _ •••••

Figl. A) Mater.:al weig:n at concepcion ()lack ba.~) ane 19d0 (whi:e: :-a.-s);
3) plasma i::.st:.l:.nat 19d and C) plast:tl 1e?tin at 19d. en... MO, P?R a::d RC
de:'med in tex: M j: SEM; n""5. Different jet'".e~,? < 0,05.
Conclusions. :Jie:a."')' interve:1.00r. ooe mont:. prior to bu: oot at :.ooce;::tioo
e.ecreased adve:-se eEec:.s of MO and HEOD 00 to~ weigh.: ci pr::>du::ts0:

coocej)coo ane. M leptin bt:t :1.ot insuEn. Grant by SMNE (lvtex.:co), Nlli.

H:l21350 USA).

473
Efficacy of Yoga in Reduci.ng MaternaIA.Il1:iety in Pregnancy. J:"Sewharr.,
JD Aplin, IA \V-lttkowski,1 M Westwood, \ IMaterna! & F'!ta! Health Resear~h
Group. Mancnes:er Univeis:ry; ;Psycnology. Mancneste.p Unive,siry.
Background Ma:ernal a.'1Xiety duf.ng pregnancy bas beet:. associat~d w:t.,
an i:1cr~ased risk of prete::n i::ir""..i,low bir'.h we:ght ane. delayed i..J:.fut
developme:l.t (Glover, 2006). Fur".her.nore, co!bers- suffe~.ng from a.::J.t~oatal
anxiety a:e more ;:kely to expe:ience delivery compli:::a:ions (Oa Costa,
2000) and deveiop postnatal depressiot:. (Austi::.. 2007). Consequent-y, the
Natienal l:o.stirute of Clinical Evidence have eCl.p~asis:d :=te need for ::1.00-
pha."'!Il2cological ir.t:rventions to belp reduce antenatal a::x..ie~. Yoga may be
a suitable intervention as it incorpOr1t~ relaxa:ioc. tedmiq'..les W1:b.pr:ysica!.
exer:ise that can !:>ecustomised for pregnant women ane. :s knoW!. te ~duce
anxiety l.D noc..pregnaat womet:. (Javnbak:.. 2009).
Aim A.oalysis of women a:::e:ld...iJ1gante~a:a1 yog:!.classes to assess the potential
effectiveness of yoga as an inte.l•.•.e::ltion to r::iuce antet:.atal ar.xie:)' and fear

of deliv:."'Y
)lethod Pa.:'ticipants (n=26; matercal age (mean:tSD)=33:!;:4y; gestational
age=23~ weeks) cO::D.?letd a questicn.:laire measuring anxie:y (Sate Trait

Sc;emifit Abstracts

Anxiety Inventory (STAI)) ':>oth':>efore.me ater a baseli::.e and endpoir:.t (10
weeks later) yoga sessicr... Prior to eacb sessioc., par:ici?a.nts also c::lmpieted
~e Wijma De;ive:y Expe:::ancy Question:;.aire (W-DEQ), which measu.-es
fea:: of delivery, a::.d ::heEC.;nbura".b.Posmatal :le?ression Scale (E?DS), w~ic:J.
screens for ante:utal depression..
Results At both the baseline ane end.point S:5S;O::'S,Cle:-e was a significant
decrease in STAlscores ber""ee::. ?re. ane. pest-session (p>O.O~).Pre-sessIon
a::xiery scores we~e sig:uiicantly lower :it enc?oint compared to baseline
(....'"=0.01).There was a decrease i.:J.fea:- Jf delivery "oe~""een ":laseline and
e:1.apolOtwhic::., althougb only a signifi:::wt trend.. showed a large etfe::t s:ze
('0=0.095; eta squared=O. ~5). W-:lEQ s-=~r=sslgnificanr:y cerrelat:e '.vi~STA..:
s::ores (:=.538; p:O.Ol) but not =:POS s::cres (r=:'.83; p=O.24). :"lJe low~ pre.
~iety and fear of delivery scores a: enCp0intis ccntrae.ictory :0 the elevated
ar.x..ietyane. fear levels usuallY expec:ee. J.Sgesta:ioll. adva.:Jces (Lee, 2007).
Conclusion :be significant ccr.ela:ion bet'Wee:: aJ:Xie:y a.::Jdfea:: of delivery
suggestS that measuring anxlecy, rather than solely s:::-eeoing for depressier,.
may be more :-efiec:ive of t..'lemother's fea."'Sa:>out childbir~. ::-urtber-rnore,
anendlOg yoga may. ~y actively lowenng anxie':'f levels. reduce sucb fears.
:u.-:her research is requir~d to deter:::.me willch aspects ofprenatai yoga may
be cost effective lD ?repanng .awocaJ:. for labour.

4i'4
The ~1aternal MDR-1 C3435T Polymo:-phism and Lipid Profile io
Association with the Risk of Congenital Heart Disease. Sylv;aA ObermacD-
Borst, I E..,,:,.rnaA vae. Wa!sem, Aaron Isaacs,~ ~cn:fr.1 van ScS-aile,I Cornelia M
van DuiJr••l E.."icAP Steege:-s,1Reg-.ne ?M Steegers- TJ.eU!1iSSel1.I..!.'1.j'Obstetnes
and Gynecology, Erasmus MC, Rotterdam, Ne:her!ands: lEpidemiology/
Generic EpldemJology Una. Erasmus MC, Rolte.-dam, Netherlands; JClmicd
ChemIStry. Erasmus Mc' Rotterdam. Netnerlands; JPediatrics, E,zmus MC,
R::Jtrerdam,Netherlands; JC:!mical Genetics, Erasmus Me, Universlry Medical
Center, Ronerdam, Nethe,lands.
Objective: To ir.vestigat: whether:he rca:e.'1lal }rOR-l C3435T j)Olymorphisr:J
affects maternal lipid levels thereby io..flueocing the risk of a child wlth
perin::.embranous vent:icu.lar se?tal defec: l:lVSO).
:\Iethods: lr. a c.-css-sec~onal :::ase-coI:.trol study we evaluated 52 motr.ers
of a child Wl~ pVSD and 255 with nonmalformee offspri.'1g. Ma:ernal
:MDR.l CC, CT,and 7r genortpes a.:l.dlipid 1ev~ls (:bolesterul, 10w-de:lSity
lipoprotem :holesterol (LOC.C), iigh-density li?Oprotein cholesterol (r:DL-C),
t:1glyce:ides, apolipoprote:.nAl (ApoAl) and apolipoprotem B (ApoB)) were
det::'"1!'.medat 17 r.'lOoti::safter the ind~x-pregI:.ancy. Median lipid levels fat
bot1:.cases a.::Jdcontrols were calculated ane stratified j)er genoty;>e. Univa:-iate
and :nultJ.va..-:atelog:s:ic tegression analyses ',vete performed and odds ratios
With 95% confidence inter."a:s were :.alculatec.
Results: Maternal :a.rriership of :.he W.DR-l :-r geJ.oty?e resulted :0 .a
signi..'icandy highet risk of pVSO offspri.::g (OR 2.75, 95% CI [1.;3-6.69]).
LIpid levels did not diffe~ s:g:llfiCa.::l.tlyber ..•.~en case a:ld coctrol mothers. b
case mothers, theApoA1levels were slgneca.;,tly h:.g~e~i::. MDR-I IT car:':e:-s
thar. in case I:'tothers wlth the :vroR- ~CTrrr refere",ce ge.'1ocypes(: 56.3 mgldL
."s. 130.9 tt.~dL P~.Oi5). Tne risk f::lrpVSD offspring In MDR-l :T car.:ers
reduced a..':'..eradjllSt:ng fer ApOA1 levels (OR 2.04, 95% CI [1.24-3.37]).
CODclusion: Ma~e::1al YDR.l 3435TT :ar.i.ership is J.Ssociated wit!: an
i.:Jcreasedrisk of a :.hile.w:th pVSD and hig::e: se:t:rn ;evels of A-;>aA1. Lowering
of the mate:1lal ApoA 1 level in com':>ination wi6lYIDEt-l IT ca.rr:e:-ship se::::.S
to reduce:be risk ofpYSD whic!:l warra:l.:S fu.'1:!:lerir:vestigatior:.
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WeigbtRetention in Teen Mothers: Do ~ine Months Stay with You Forever?
Loral Patchen,' Erica K Bergg:en.,1 Eru:. Y1Con.--oy,1Deonis A..mini,IJ Jason G
Umans,u Menacbe::::l Yiiodov=..ik.1 IObstet,ic.s !Jnd GY'lecolo&}'. iVashmgton
Hospital Center. Washingron. DC. USA: lObsretri~ and Gynecology, Univenity
of North Carolina, Chapel Hill. NC, US..!: JObstetrics and Gyne~ology,
Georgetown University, Washington, DC, USA.
OBJECTIVE: To determine wbe:her preg::ant tee:iS rerum :0 their pre-
pregnancy weight w:tb.in 18 months af'.::erdeliv~:y.
METHODS: We ar:.alyzed data from a prospective cohort of l83 pregna;)t
adolescents, aged 12 to 18, wbo enrolled iI:. 6e Teee A11ianc: far Prepa:-ed
?~llting (TAPP), 1 program for p:egna..:lt and pare:::t:ing teens. ?a..-tic:pants

were classified as underweipt (EMl <18.5 kglmZ), nermal (EMlI8.5 - 24J
kg'm1), oveCVr'eight (EMl 25 - 29.9 kg/:nZ), an:' ob:se (BMI ::: 30 kglu:.:').
Participants were enrolled ~..ng pregnancy and followed "iL.""Ougb.18 months
~ delive:)'. Statistical a.::.alysis :.ncluded oc.e-way ANOYA and t.test, .,v:Q.
p<O.05 COllSidere':'sigci.ficant.
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.1l ':C C.48:: O.IOc.glml and CAl:: O.08ngJmll: 6 a.""ld12 :nonths respectivdy
a...'1e:RYGB S'~gery. Evaluation 0: additional s.amples will be :ompleted an':

?rese:'l.t~ at :he r:Jee:i.ng.
Conc1usions:RYGB surgery suppor.s a long term red1;ction in BM!. Tre:J.Cs
seen in ;Jlasma es:radiol- I 7 ~, plasrua tes;:osterOT',e and u.-inary estrogen
:.':"\e:a'oolitelevels after RYGB indicate !avora::>le ::hang~ towards a normal
:-eproauc'ive bOr.7:c~al milieu. Such :hanges concur with the posit:.ve effe::s
of weight ~duc:ion. on :-eproductive Ol.:t::cmes.

.r;'!
DIetary Interventions To Reverse Effects of Maternal eM) Obesity (:\10)
and High Enegy Obesogenic: Diets (HEOD) Have Very Different Outcomes
Ac::ording to :be Timing of the Intervention. Pete: W Nathanielsz..1 Paola
Mar.....:.ez..1 Carlos Tha:lez.,1Guadalupe L Rod.-iguez.,! Elena Za.r:::lbrano.~'Dept
OB/GYN. TJrHSCSA, San An/onio, TX USA: lReproducri~ Biology, OVNsz,
Maic:J, DF. Me..--:ic:J.
Introduction. MO 3..,d HEOD prior to and dt:ring gesation have adve.~e
e5:::ts 00 both Iv! and feM (F). There is cu~otly muc::. clinical inter~s;: in
:::.e developoent of effective dietary mterventions to ~v::.""'Sethese adverse
out::ames. We produc:e MO by feeding a HEOD. We hypothesized that
prepregna.,cy rec:.tperation (?PR) on a Dormal diet for one mooth before
b~eeding results i:l differ~n: M and F outcomes to re:uperation duri.c.g

P"fP,"cy (?R).
)"-Ietbods. A..."te:weani.ng (CTR.. n=5) female Wistar ra".:Swere fed.contml rodent
c:ie: 5001 (5% fat, 4.0 KcaVg) and IS received HEOD (25% fat. 4.9 K::aVg)
One month before breeding 5 HEOD rats were returned to CTR diet (?PR).
Ar.od:.er 5 HEOD rats were ret'olrned to t.":eCTR die: at conceptoo (PR). 5
MO :-ats remainee on r<..EODthrough pregna.'1CY.RatS were euthanized at ; 9
c gestaCcn (dG), M liver weight serum leptin and insulin (RlA), placental ane
:: weight were r::easured. Data M :l: SEM. A.::1alysisANOY.A....
Results. :'bere We:": no differ:nces in M body weight at conception or 19 dO
(Fig lA). At 19dG MO liver weight was lower vs all ocer groups (data not
show:::l).Maternal serum ir.sulin was lugber and not :iderentl.:>e~een MO, PPR
ud PR groups compared with CTR (Fig IB). Maternal1epti::. was re:upe."ated
:n ?PR but not PR (?ig. lC). There were no dde:-ences between groups in
?lacental and F weight, but tOtal place:ctal and F weight per cother was also
re:u;x:rated in PPR (CTR.: 23.4 :!: 1.4a, MO: 27.3 ::l: 1.9bc, PPR.: 23.9 ::l: 3.3ab,

PR: lC.5: 1.5c, g, p<O.05).,
1<.1 -, ~ b

i' II n I ~-:.J ui
1 ~ _ell lit'f:: i!' II!Ul....~r! t"ll l~~'I :' ~i ~:I I -" - L.•.. __ ,,1..- _ • ,l~ .-e- r;n_....... ~ .

Figl. A) Mate:nal weight at concepcion (black bars) and 19dG (white hars);
3) plasma insu.Iin at 19d anc C) plasI:la le?M at 19<1.CTR.. MO, ?PR and RC
d:ftned i.e text M::l: SEM; :1=5. DiEerent let:en, p < 0.05.
Conclusions. Dietary inte:-ver:tion one month prior to but Dot a: conception
de~reased adverse effects of MO and HEOD on tota! weight of procuctS of
concei'tion anc M leptin but not U:.sulin. Grant by SMNE (Mexico), ~':H-
HD211;O USA).

Sc:enbfic Abstracts

A.::1xietyInventory (STAl») ~th before and after a baseline and end?Oint (lC
weeks later) yoga session.. P:ior to each session., partlClpants also :::lmpleted
fr.e Wijrna Delivery ~x?ectancy Ques::Jonnaire (W-DEQ), wh:cn. m~
:ear of delivery, anC t:ie Edinbu."'gh Pos:natal Depression Scale (EPDS). which
scree:lS for lIlter-aul depression.
R~ults At 'oath the baseline and end.point s.esSlons, the:-e was a significant
de~ease in STAr scores ber.lIeeo pre. ane pest-session (p>O.OI). Pre-sessiot.
anxiety scores were sig:lifican.t!y lower at endpomt compared to baseiine
(p=O.01). 7he:-e was a cecrease i:l fear of deLive:-y between baseline ar.d
e:J.apol.Dtwhich, a:though oaly a significant tread, showed a large effect stze
(p=(1095; eta squared=.1.15). W.DEQ scores Slgr:ificantly correlated 'Nith STA:
s:ores (:=.53&; ~.Ol) but not EPDS scores (r=2.83; p=.1.2d.).The lower pre.
a.c.xietyand fear of delive.')' scores at endpOint is contradicrory to :he elevated
a.nx.ietyane. fear levels us.:aUy expec:ee. as gestation aCVaDces(Lee, 2007).
Conclusion :De signi.4.cact :::lrre:ation betwee:l ar.xiety anC fe:u cf delivery
suggests that measuring anxiety, rathe: than solely screening for depression,
maY be :nore :eftective of j}e mocer's fea.-s about childbLr"..h.:;u."1:.hermore,
a~:J.ding yoga may, by actively lowering anxiety levels, reduce such fea..-s.
Further research is required to determine which aspects of ?re:latal yoga may
be mest ef!ec':lve in prepa"""loga woman far labour.
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The Maternal MDR-l C3435T Polymorphism and Lipid Profile in
Alisociatioo with the Risk of Congenital Heart Disease. Sylvi.aA Oberma=n-
:Sorst,' Er:una A van Walse!::l,IAaron Isaacs,) Roc EN van 5C53:1k,J COr:lelia M
van Duijn,l Eric AP Steegers, I Regme PM Steege:s- 7heu::.isse:l.1':"'

C 'ObstetriCs
and Gynecology, Erasmus MG, Rotterdam, Netherlands; JEpidemlology/
Generic Epldemlolof:>' Unit, Er:JSmus MC, Rocrerdam. Netneru:mds: JC!imcal
Chemisrry, Erasmus MC, Rotterdam, Netherlands: 'Pediarncs. Erasmus MC,
Rotterdam, Netherlands: JCtimcal Generic:.:,Erasmus MC, [/niv<!,~sityMedical
Cen:er, Rotter-dam, Nerherlanels.
Objective.: To ir.vesrigate whethe:the mate:nal MDR. I C3435T polymorphism
affects rnate:-rtal lipid levels thereby in:due:lcing t..:e risk of a child. With
pe[",.:::le::::lbranousventncuJar septal defect (pYSD).
Methods: In a cross-secoo:cal case..conrrot SOley we evaluated 52 mother-i
of a child with pVSD 3..'ld 255 with nonmaliormec offspring, ~atemal
MDR-} CC, cr,and IT genotypes and lipid levels {cholestero~ low-density
lipoprou=:n choleste.~l (LDL-C), high..c.eosi:y li;x>protein cholesterol (HDL-C),
t::glycerides, apoli;x>proteinAI (ApoAl) and a?olipoprote:n B (ApoB)) we:e
::.ete:ll'lined at 17 months afte: the index-pregnancy. Media:t lipid levels for
both cases and.con:rols were calc'.llated mC stratified per ge:lotyi'C. Univariate
and :oultivanate logistic regression analyses were penormed and odes ratios
w:th 95% confidence ::"tervals we.--ecalculat:d.
Results: Maternal camership of the MDR.l IT g:noty?e resultec in a
sign:..<icant.1'higher risk of pVSD cffspr.ng (OR 2.75, 95% CI [I.! 3-6.69]).
Lipid levels did not diffe: significantly berN::::::' case 3..,d cont:"Olmothe~. I:1
::ase mothers, ::heApoAl levels were sig:tificancy higher in !Y1'.DR-lIT car:'ie:-s
than in ::ase mote.--s 'Nith:he l'vIDR-l CTm~fere:lce ger.ot)'?es (156.3 mgldt
vs. t30.9 mgldL ?=C.015). The risk for pVSD offspr.ng in MDR-l IT Car.i::-S

r::rluced L"ter adjust:ir.g for A?OAI levels (OR 2.04,95% CI (1.24-3.37]).
Conclusion: Maternal MDR.l 3435TT ca.'Tiership is associated with ar.
increased:isk ofa child withpVSD and higher ser'J.::llevels ofApJA1. Lowenr.g
of t1.ematernal ApoA I level i= combination w:th MDR-l IT carriership seems
to reduce the risk ofpVSD whicb. warrants furthe~ investigaccn.

4i3
EfficaC}" of Yoga in Reducing ~aternalAnxiety in Pre:naocy. JJNewham, I

ro Aplin, I A \\t~:ttkowslci,1 :-AWest'Nood.. I IMaterna! & F etaI Healrh Research
Group, Manchester University; lPrycnology, Mancheste.p [lniYersiry.
Background Ma:e:na! ar..xiety during pregnancy has beo associated with
ilJ:. increased risk of ?reterm birth, low birth weight and delayed infa:lt
development (Glover, 2006). Further.nore, cothers' suEeriI:.g from ante:J.atal
au:ety are more likely to experience delivery cocplications (Da Cos:&.,
2000) and develop postnatal depression (Austin. 2007). Coc.sequently. the
National lnsjtute of Clinical Evidence have er:lphasised the need for noe.
pharmacological i..""ltervennor.sto belr: reduce antenaUI anxiety. Yoga may :>e
a suitable intervention as it incorpon.tes relaxation techniques with pb.ysi::al
ex.ercise that can be customised for pregna:lt women and is k:D.O'NCto red:.:::e
anxiety in non.-prepant women (Javnbakh., 2009).
...um .A..nalysisof wo::::en attending antenatal yoga classes te .assess the potential
eEectiveness of yoga as an iote.-...enbon to reduce ante:la':al. anxiety roc. fear

of deliv'=I)'
Method Participan:s (n=26; matemal age (mean:!::SD)=33:l:4y; ges~oDal
age=23:t4 weeks) CC.::::l?leteda questictmaire measuring a=.xiety (State Trait
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WeightR~tention in Teen Mothers: Do Nine Months Stay with You Forever?
Lora! ?atche:t, I E..-icaK Berggreo.,l E..""in M ConroY,l De:mis A.r:ti:ti.IJ Jaso~ G 1
Umar:s,lJ Menachem Mioeevnik.' 'Obstetrics aJ'ldGynecology, Washington ,-.1
Hospital Center, i¥ashingfon. DC. USA: 10bsterrics and GYl1ecology, UniW!.rs:ry
of North Carohna, Chapel Hill. NC, USA.: JObstetrics and Gynecology.
Georgetown Univenity, Washington, DC, USA..
OBJECTIVE: To deter:::ll:le whether ?regna.:::.t teens ren.:rn to their pr:-
?reg::Ia!lcy weigh: within 18 :Dooths a."'terdelive.'")'.
!vfETIlOD$: We :a.calyze:: data =am a prospective coher. of 183 pregnant ;.~
adoles::e:lts, aged 12 to 18, who enroUed in the Teen Alliar.ce for p~?ar::d ~ j:
Pare:cting (T.A..?P),a program fo: pregna:ct and pa.--enting teens. Parricip3..""lts
were classi5.ec as underweight (BMI <18.5 kg/m!), normal (EMI 18.5 - 24,9
kg/=~, o••..e:"-Neight (EM! 25 - 29.9 kg/m.2J, and obese {BMI ~ 30 kg/o:;.
Parri:tpants were enr::Jlledduring p~gnancy ar.d followed through 1g monOS
after delivery. Statistical ar.a1ysis included oce-way ANaYA md t-test, ~o
p<O.05 :oosider:c signi5cant





T-066

T-06i
Omogeny of Global Gene [xpl-ession in the O"ine Fetal Hypothalamus
in Late Gestation. Mana B Rabaglino, Elaine M Rlchards, I Maureen Keller-
Wood, I Charles E Wood. 'Dept. Physiology and Functional Genomics,
University of Florida, Gainesville, FL, USA, "Depr. PharmacodynamICs,
UniverSity of Florida, Gainesvllle FL, USA
Introduction: Parturition is a hig.."I)' regulated neuroendocrine p~ocess [hat
requires marJration of the fetal l:ypothalamus-pir..:itaT)'-ad:enal (HPA). We
previously reponed a sigm5cant inc'eased expression of ge:1es related to the
HPA ax;is in late gestation. It is not bown what oL,er neurological pathways
thaI ir.nuence HPA function a~e tu.'"Tllngon In late gestation. Our objective was
to ~xamme the ontogeny oft,e global gene expression m the hypothalamus of
ovme fetuses in late gestation.
Merhod~: mRl'A was extrac:ed from the hypothalamus of ovine fetuses at
80,.100, 120. DO, 145 days of ges:atior. and I day after delivery (4Jgroup).
R.."\Awas pur.fied accordmg the R."'\ASTAT.60 Protocol and analyzed with
the Agilent 2100 Bioanalyzer. Microarray was perfonnec accordi~g Agiler:t
protocol for I-color 8x15k microarrays. Data analys:s was :>erforrned USm2-
IMP Genomics 4.1, F:.mctionaI enrichment analysis identified tbe ontological
bIOlogical processes significa:1tly associated with the genes up-regulated at
]45 days of gesrauonal age and 1 day of extrauterine life. The analysis was
perforr:Jed by Fisher exact lest and the p-value was adjl:sted by B;nfe:Toni
method. ValidatIon of the results from the eruichment analysis was achieved
by qRT-PCR usmg SYBR-Gree:l.
Results: Expression of6817 genes significantly changed (FDR=O,05;A.""JOVA)
In the laner half of gestation. ~"Ithin:he SIgnificant genes were those related with
the HPA axis: mineralocorticoid receptor, cor.icotropm-releasmg factor, serum!
glucocorticoid regulated kinase 1 and pTOopiomelanocorrin. The expression of
these genes coincided with the panerr. thaI we described previo1,;.slywhere the
ontogeny expression was measured by qRT-PCR. BiolOgical processes that were
Significantly enriched at ;45 days and 1 day of extra utenne life were immune
res~onse and antigen processing (p<O.05). lr.ununoioglcal genes validated us:ng
qRI-PCR we~e: Inlerleukms 10 and 18, and Toll-like receptors::: and 3,
Conclusion: In.''1.ammatorylir:'lJnunepathways are activatec prior to bl.T"JJ10 fetal
hypothalamus. ActIvation of anti C~ ;:tro inf.ammatory cvtokines a::Jd immune
related genes u: the fetal hypothalamus could reflect gJobai gene activation in tbe
place::Jtal-fetal unit or could "bea critical pathway in fetal neuronal developmenl
leading to Increased fetal stress responsiveness and/or parturitio:" •.

.\hternal (~f) Obesit" (MO) Programs Female Offspring (OFF)
Corticosterone and Anxiety Behavior: Reversal by DiNar)' Inlep'entien
Pre-Gestation (PG- D[;,\T) or in Gestation (G.D[;\T). LuisA Reves,' Nadia
E Moran,' Roberto ChaVIra, Guadalupe L Rodriguez-GonzaleZ:' Paola M
Martinez-Samayoa, IFemand::l :..arrea, Peter W ~athanielsz,:; Elena zambrano. I

IReproducri .•••e Biology, inSlituto NQ~io"al de Oencias Medicas y NlJtricion
S2 MeXICO Ciry DF, Mexico; !Cenler for Pregnancy and Newborn Research.
University of Texas Health SCIences, San Anronlo, USA
Background: EpidemiologIcal and baSICstudies show thataeverse environments
in perinatal development predispose to chronic disease (hyper.enslOn and
endocrine dysfunction), but f~w address behaviora: outcomes. We investigated
effects ofMO, pre.gestatlOn (PG) and gestation (G) dietary interventIon (DrNT)
on female OFF anxiery related behavior.
:\-Iethods: We have reponed [lj a new rat model of MO studying three
maternal groups fed from weaning either: (i) control (CTR) chow; (ii) high
energy, obesogenic diel (HED) to induce MO, and (iii) pre-gesta:ional dietary
mtervention (PG - DIl'-i; mothers eat HED from weaning to postnatal day
(PND) 90 and ~en chow. We now add a gestational DINT (G-DINT) group-
M fed HED until pregnancy and ::ho\\- du.'"1.ngpregnancy and lactation. All M
were bred at PND 120 and ate pregnancy diet until :heir pups were weaned.
On pup P~ 2 liners were reduced to 10. All OFF ate chow from weaning. Si.'(
female OFF, onJy one from any liner, from each' of the four groups were tested
during diestrous in an elevated plus maze (EPM), activity recorded by video
analYSIS at PND 110. Serum cortIcosterone was measured by RIA at 19 days
gestation lD mothers and P!\J I] 0 10 female OFF. Data M :::.SEM. Statistical
analysis by ANOVA with p set < O,CS.
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The figure also shows thaI the mean SEFs changed with GA by similar amounts
III both the IF and:F states, consistent with the finding of a non.sigr.ificant GA-
b)-s:Zlt inte:-action (P=O.16). With the inte:-action removed, the SEF increased
frorr.early to late GA (P=O.0014), but decreaseq,slightly from the 1F to 2F state
wi thou: ;-eaching statistical significance (.P:O.087). The mean SEF in early GA
for; F and 2F states we,e 12.4 and 114 Hz respectlvely Similarly the mean
SEF for late GA for iF and 2F states was 18.9 and li.9 Hz respect:vely.
Conclusion: Our analySlS replicates ,esults reported by Bell et aI, (1991) where
they reponed mean SEF of 10Hz in pretenn babies anc 24 Hz in term babies.
Similar trend in our data in the early anc late GA fetuses Implies that there is
an overall increase in the SEF with i:1Creasing GA. The quantlfication of fetal
MEG WIth SEF is a promising tool to invest:gate fetal brain ;r.aturation.
[I) Bell AH, e:al. BioI Neonate. 1991;60(2):69-74.
[2] Nijhuis JG. Ultrasound in obstetrics and gynecology. 1993. p. 447-55.

Gene Expression in the Hypothalamus of O"ine Fetuses Treated with
E..stradiol-3.Sulfate in Late Gestation, Maria B Rabaglino, Elaine M Richards,
Maureen Keller-Wood, Charles E Wood. Dept. PhysiolofJ' and FunctIOnal
GenomlCS, Uni.•••ersity of FlOrida, Gomes .•••ille, FL, USA.
Introduction: In ruminant fetuses, estrogen plays an essential role stimula:ing
the hypothalamus.pir ..lltary-adrenal axis in the fetal brain. :n fetal ,lood,
estrogen is present mostly as sulfoconjugated estrogen that needs to be
deconjugated before cellular action. Our objectl ...•e was to identify the ge:lOmics
of estradiol sulfate actier. in the evme fetal hypothalamus.
1\lethods: Four sets of chrenically-catheterized ovine rwi.., fetuses were studied
with one infused with estradiol.3.sulfate intracerebroventricularly (I mglday)
and the other remained untreated (control fetus). mRNA was ext:acted from
hypothalamus after euthanaSlll.. RNA punfication was achieved according the
RNA STAT.60 Protocol. PU:1fiedR.t..:Asamples were analyzed with the Agilent
210C' Bioarralyzer to determine R..••....A integrity. Microarray was performed
accordingAgilent protocol for l.color 8xlj microarra\'s. The 8 samples were
hybndized into one slide contaimng 8 arrays (15744 probes each), then' analyzed
usmg an Agilent Scanner. Microarray data analysis was performed using the
iMP Genomics 4.1 softv.oare. A func:.ional enrichment analvsis was done to
identIfy the ontological biological processes significantly as~ociated with the
genes up-regulated by estradiol sulfate. The analysis wa~ perfonned by PAGE
test and the p-value was adjusted by Bonferroni metJlOd.
Results: A total of 2462 genes were differe:uially regulated (FDR <0.05%).
From them, 808 genes were positively induced by the treatr::lent with estradiol
sulfate. The biological processes sigmficantly up-regulated (p<0.05) were:
adult feeding behavior, sensory perception of taste, hormone-mediated
signaling synaptic transmission, polyamine catabolic process and striated
muscle contraction. These processes were related With the foHowing genes
that showed the higher folder cbange compared to the control: agouti-related
protem (AGRP), neuropepude y (!\"PY), transmembrane 9 superfamily mem'er
2 (TM9SF2), oxytocin receptor (OXTR), glutamate :eceptor 4 precursor
(GRlA4), glial high affiOlty glutamate transporter 2 (SLCIA2), glutamate
neutral amino acid rransporter 4 (SLC1A4), basic fibroblast growth factor
(FGF2), heavy chain skeletal muscle (MYH1), myosin heavy chain 2a (MYH2)
and heavy chair:. skeletal pennatal (MYH3),
Conclusion: We conclude that estradiol sulfate influences both estrol?en and
non-estrogen-responsive pathways in the late gestatIOn fetal hypothal~us.
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sFltl and HF mFc groups versus both Sf groups. The MCP-l level ""'as also
tigher in both HF groups co:npared to SF mice, :'10ugh :lot sigmficantly.

30 a
•
•

-' b b b- 20 •
0, • T::: •• •T
~ •• ••
« 10 • • T •
Cl. T , • •*. •TT I. •T •• •0

HF sFlt1 HF mFc SF sFlt1 SF mFc

Enhanced Insulin Secretion in the Fetal Sheep after Chronic :"orepinephrine
Infusion Suppression. Xiaochuan Chen, Antoni R Macko, Alice S Green,
Dustin T Yates. Miranda J Anderson, Amy C Kelly, Aqib Zehri, Sea:: W
Limesand. Department of Animal Sciences, The tiniversityajArizona. Tucson,
AZ. USA
Intrauterine growth restriction (IUGR) fetuses have a greater risk of developing
glucose intolerance in adulthood, which might reflect perinatal imposed
pancreatic ~-cell dysfunction. PJace:ltal insufficiency-induced IUGR fe:uses are
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Thyroid Hormone Deprivation Disrupts Ihe IGF.I System in the Fetal
Heart. ~atasha N Cha ••ergoon, Samantha Louey,U George D Girauc,'':'l .•
Ke:lt L Thomburg,'.D IHearl Research Center, Oregor! Health and Science
University, Portland, OR: :Physiology and Pharmacology. Oregon Heoirh and
Science UMlversll'Y:JMedicine (CardiovasClJlar Medicine), Oregon Health and
Science UmverJ;ity: .Cardiology, Portland Veterans Affairs Medical Cen/er
OBJECTIVES: Pu.blished eVIdence sugges:s the insulin-like gro'Wth factor
(lGF-I) system is the dominant stimulant offetal myocardial proliferation and
that triiodothyronme (Tl) drives :naturation of the myocardium; Tj suppresses
proliferation ane promotes binucleation of fetal cardiomyocytes (CMCs) .
Howeve~, the degree to which circulatmg T> supports the actlon of IGF-I on
the fetal hear. has not bee:l investigated. Hypothesis: Deprivation of circulatmg
T:infetal sheep does not alter cardlOmyocyte proWerarion ijlGF.1 levels are
main/ained at or above norma! concentratlons.
METHODS: Fetal sheep were chronically instrumented at 120 days gestation
(dGA, te:m -145 days). One group was th)Toidectomized (TX, n:c:8) and one
served as the non- TX control group (CN, n""'8). At l30d GA, the fetal heart
was weighed, a secuon the left vent"1c1e (LV) removed for molecular s:udies,
and myocytes from ead: ve:'Itricle enzymatically isolated to analyze CMC
parameters.
RESL"LTS: Fetal plasma Tl concentrations wee undetectable 4 days ater
thyroidectomy; circulating T) levels were normal in CN fe:uses (TX vs CN:
o vs 0.1 nglm!; p<O,OOl). At 130dGA, circulating 1GF-I levels were elevated
in the TX group (TX \'s CK: 105.06:r 8.94 vs 75.07:t 6.22 ng/rnl; p<0.05).
IGF-I receptor mR."A levels were 10 times iower in LVs ofTX comparee
to CN (1'<0.001). Heart weight to body weigh~ ra:io was reduced in the TX
group (5.9:t 0.2 vs 6.8:1: 0.3 g1kg; p<0.05). C~C cell cycle activity (Ki-67)
decreased by 50% and bi::lUcleation was depressed in TX fetuses (20% vs 45%,
p<0.05). TX also resulted in wider blOucleated righ: ventncular CMCs (TX vs
CN: I4,3:t0.3 vs 16.2:r:O.6jl.IT.;p<0.05).
CO!\CLUSIONS; I) Loss of plasma Tl d:ssociates the fetallGF-1 system
leading to increased c:rculating IGF-I and decreased myocardial1GF-1 receptor
gene ex.presslOn. 2) The outcome is a smaller hear. ~at is less mature for its
gestational age. 3) Increased J":'Iyocytewidth may be a compensation to rr.aintam
contractiie funcllon in ~e face of depressed gro"''th. These experimen:s show
for the ft..,;: time that Tl is essential for normal cardiomyocyte growU:. In the
fetal heart and suggests that severe fetal hypothyroidism leads to abnormal
heart developmenL Supported by NlCHD and :".l-ll.Bl.

CO:'\CLVSJO:'\: Exposure to maternal i'repregnancy obesity and sFltl-i:lduced
p:-eeclamps;a dunng pregnancy alters mftammatol)' and ap.gioge:1ic ma:-kers
in Ihe offs;>ring. Obesity with or without preeclampsia, but no preecla:::psia
alone, see:t1S to have:he most significant effect.
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Fig 1. Milk composition A) produc:ion, percentage of B) water, C) protein,
D) fat. E) CHO's and F) leptin (ng.lmL). Mean:l: SEM, p<O.05 for data not
sharing a le:ter. n""'5.7
Mate:TlaJ ':x>dyweight was not different among groups. There were no changes
10 protein content. Fa: content was higher whilst rr.ilk production, water and
CHO's were lower in MO, Lepnn was higher in MO and the DP.'\T groups.
Conclusion: Our results show ::lear evidence of association of MO obesi:y
and lactation failure and production, par:ially reve:-sed by DINT. More leptin
i:l the milk of MO may alter OFF appetite.
I) Morrow, J DaH)' Sci, 1976; 59: 1625.2) Davisor., Equine Sci, 2006; 71 124:.
3) Zambrano, J Physiol, 2010;588: 1971,

Prepregnancy Obesity and sFltl-Induced Preeclampsia: Effect on the
Offspring. Egle Bytautlene, Talar Kechichian, Esther Tamayo, Phyllis Gambie,
Ga:)' :lV Hankins, George Saade. OB/GYN, UTMB, Ga!veston, TX USA
OBJECTf\'E. We have shown that exposure to matemal prepregnancy obesity
and sFltl-induced preeclampsia during pregnancy alter the offspnng's blood
pressure and metabolic profile la,er in life. The objective was to evaluale
potential mechanisms focusing Of. ir.ftammalory and angiogenic pathways.
STl'DY DESIGN: CD-I female r.1icewere piacec or. either standard fat (SF)
or high fat diet (HF) for 3 months before they were bred with Sf male. On day
8 of pregnancy, mice were injected with either adenovirus car:ying sFltl (HF
sFltl n=6, SF sFltJ n""'6)or adenovirus carrying:nrc as virus control (HF mFc
n:4, SF mFc 0""'7).After weaning, all offspring were placed on a SF diet. At 6
mor.ths of age, circulating levels of monocyte chemoattrac:an: protein 1(MCP-
I), plasmmogen actlvator inhibitor I (PAl-I), resistlD, eotaxin and vascular
endothelial growth fact (VEGF) were measured using commercially available
Lurnine:\ assays. One-way ANOYA with Newman-Keuls Multiple Companson
Test were used for statistIcal analysis (significance: p<0.05).
RESULTS: There were no significant differences 1Il resistin WO.S) levels
between the groups of offspring. PAJ-I was significantly elevated in HFsFltl
offspring (p=O.002, Figure) compared to HF mFc and both SF groups, while
eotaxin (p=O.Ol) and VEGF (p=O.03) levels were SIgnificantly higher in HF

F-J13
~.raternal Obesit}' (~'IO) Produces :\Jarked Changes in Milk Composition
Which Are Variably Rewrsed by Dietar)'lnterventions. Claudia J Bautista, I
luis A Reyes,1 Guadelupe L Rodriguez-Gonzalez, I Paola M \tta.:linez-Samayoa,1
FeIT,ando Larrea, I Peter W Na:r..anielsz,: Elena Zambra:lo. IReproductive
Biology, /nstitWa Nacional de la .'v'utncion SZ, Mexico City, Me.xico: .'Center
fo'- Pregnancy and Newborn Research Dep' OB/G'flI,', The {/niversityojTe.ros
Heal/I, SCIence Center at San Antonia, San Antonio, TX USA.
Background: EVlde:lce ex:s:s in la:-ge agricultural animals that poor milk
produdon r::ay result from.impaired mammary gland development whe::J
o\'erfeedir.g occurs before pube:'t)' in dairy cows (1) and in pig i'regnancy (2).
There are no da!2. in :.he commonly studied laboratory :-.Hon mechanisms by
which excess body fatness impairs mammary gland development.
llethods: We reponed (3) a rat MO model with three matenal groups fee frOr.1
weaning: (i) control (CTR) chow; Oi) high energy, obesogenic diet (HED):o
induce:'-10 or (iii)pre-gestatlOnal dietary iraervention (PG - DINT), mothers
fed HED from weaning to postnatal day (PND) 90 and then CTR diet. Vie now
add a gestational DNT (G-D~'T) g:'"ot:pmothers fed HED until pregnancy
and then cho.....-in pregnancy and lac:z~ion. All mothers we:'e bred at PND 120
and a:e pregna:lcy diet until thelr pup were weaned. Alllitte:-s were aCJusted
10 10. A: ;:>upPl\"D 21 mothers were weighed and i'ups removed for 4 h after
which mothers rece:ved oxytocin; milk was expressed 15 min later for water
conlen~ (g:-avime:::1c analysis), protein (Bradford), fat (folch), CHO's (glucose
o:\ld<l.se)zne lei'tin (RJA). One way ANOVA
Results:
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Leuprolide Acetate Induced-Hypertension in Women Undergoing In-Vitro
fertilization. Ndidiamaka Onwt:balili, Kara Gokman. Laura T Goldsmith,
David H McCulloh, Peter G McGovern. Aimee Seungdar.trong. Obsretrlcs,
Gynecology and Women s Health, N~' Jersey Medical School, lv'ewark, NJ,

USA
Objecti\'e:The GnRH agonist leuprolide acetate (LA) is commonly used for
downregulation of endogenous gonadotropUl production in in.vitro fertilization
(lvT). Increased risk of cardiovascular d,sease in men receivlDg GnRH agonis:s
for treat."':'lent of prostate cancer has been seen. Since we have observed
new-onset hypertension after LA therap)' in some normotensive patients, we
determined which characterlstics may be associated WIth development of
hypertension in IVF pa:ients given LA therapy.
Design:Anested case-cor.trol srJdy of all patients undergoir.g cor-trolled ovarian
s~irnulation ?rior to IVF using the long protocol be!,\\'een Jan 1, 2006-Dec 31,
2008 was performed. We hypothesized that development of hypertension is
associated witr.: increasing age. higher weighvBMI, tobacco use and family
history ofhyper::er.sion.
:\laterials and Methods:Patients with a preexis:mg hypertension diagnosis,
elevated systolic (SBP) and/or diastolic blood pressure (DBP) at initial visit,
and kIdney disease were excluded. We identified 203 patients wit.1. ::;:lyr
duration :rom imtia1 blood pressure (BP) to a long protocol IVF cycle. BP 2
140 mmHg systolic and/or 290 :':1mHgdiastolic was defined as hypene:1sion
Age, weigh:., BMI,tobacco use and family history ofhyperter.sion were assessed
for potential correlatior, wlth changes :n SBP and DBP before and after LA
:'lerapy. ContInUOUSvariables were assessed by multiple linear regression anC
Speanr.an correlation. Fisher's exact test was used for categoncal data.
Results:The incidence of new onset r.yper.ension was 9.4% (19/203). In :he
pa:ients who remained rlormotenslve (S'='184), mean imtlal BPwas 118:t 1/7:2=1
mmHg (;:: SEM) and 115= 1n2:l:. 1mmHg after LA. In :he hypertensIve group
G'J= 19},mean initIal BP was I24:t2n7=.2 mmHg and 143;::3mrnEg/87:t3mrr.Hg
after LA. Weight was a sigmficanl predictor of change in SBP in the entire cohon
(p=0.036) while in hypertensive patients, weight (p=O.031) and family history
of hypertensio:1 (p=0.OO6) were predictive. A significant association be~'een
family history of hypertensIOn anc hypertension on LA (p<O.055.;...i: 199) was
se:n in all patients. There was no co:rela1l00 of SBP or DBP change With age,
BMI, family history or smoking in all pa:ie::J.ts.
Conclusions: Increasmg weIght and a family history ofhyper',ension rnay place
patients at risk for developing hypertension after LA therapy.
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Maternal Obesity (1\-10) Impairs :\lale Offspring (OFn ReproductiYe
Development: Effects of Pre-Gestation (PG) or during Gestation (G)
Dietaf')' Intervention (DINn in Sexual Development Markers. Guadalupe L
Rodriguez~Gonzale:z., \ Luis A Reyes, Peter WNathanielsz,: Fernando Larrea,'
Elena Zambrano.1 'Reproductive Biology, Ins!iruro Nacionai de Cienclas
Medicos y Numcion SZ MexiCO City, DF, MexICO; lCenrer for Pregnancy
and Newborn Research, Umversity of Texas Health Sciences Cente .•..Sa"!
Antonio, TX USA
Objective_ Maternal obesIty impairs OFF growth and devejopment. Tnere is
currently clinical mterest in development of effective dietary interventions to
reverse adverse outco:nes. We have reported [1] a new rat MO model witi: three
maternal groups fed from weanmg: 0) control (CIR) chow; (ii) high energy,
obesogenic diet (HED) to induce MO or (iii)pre-gestationa! dietary intervention
(PG _ DINT), mothers eat a HED from weanmg to postnatal day (PND) 90 and
the::J.CTR diet. Here we add a gestational DINT (G.DD"T) group mothers fed
HED until pregnancy anC then chow in pregnancy and lactation. All mothers
were bred at P~D 120 and ate pregnancy diet Wltil their pups were weaned.
On pup PND 2 all liners were reduced to 10. OFF ate chow from weaning. We
hypotbesized that MO Im?airs male OFF reproduc:ive development and that
DrNT recuperates sexual developm:nt markers outcomes.
Methods. From PKD 21 d male ?uPS were examined daily to detern:ine
completed testicular descent anc preputial separation. At PND 130 male OFF
were mated with unrelated females. Daa presented M =. SEM. Analysis by
one.way .'\.NOVA and Xi square as appropnate.

months of cycle start and treannenl outcome. Thus, me routme measuremer.t of
HbA Ic in women undergoing infertility treatment for the pLrpose of outcome
prec:!iction does not appea: warranted.

:Dc:lta-SD
:0.12
10.26

~:i~
,0.44
0.66
1071
iO.83

Dc::ta-Avg
0.11
!OJ2
1042
;0.44
0.58
,0.73
097
10.80
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Glycosylated Hemoglobin in the Infertilit)-' Population: Is It Worth
Cht~cking. Vasiliki A Moragianni,' Michele R Hacker, I Alan 5 Per.zias.l.~
IObSIf'trics & Gynecology Beth Israel Deaconess Medical Center. 8OSlon, .!viA;
]Reproductiw Endocrinology & Infertility, BostonIVF. W~ltham, MA
Objective: To mvestigate the relationship between glycosylated hemoglobin
(HbA 1c) values and cycle outcomes in patlen:s undergoing ART.
Design: Retrospective cohort study.
Materials and Methods: We reviewed the charts of all patients who had a
HbA Ie value measured at our cente: from June 1,2004 through April 30, 201 O.
Patie:1t5 were included if they underwent infertility treatment in the six r:1onths
following the HbAl c measurement and cycle data was available. We collected
data on age, gravidity, panty, cycle type, cycle number and cycle outcome.
Repeated measures log-binomial regression was used to calculate nsk ratios
(RR) with 95% confidence intervals (Cl).
Results: A total of 169 women who underwent 340 cycles met indusior.
critena. The types of cycles induded IVl [n==185 (54.4%)], fresh IVF [n==67
(19.7%)], frozen IYF [n==19(5.6%)] and ovulation induction with relatIons
[n:69 (:::0.3%)). Patients were dividec in t'o\'o groups based on their HbA Ic
value; < 6.0 [n=284 (83.5%), median: 5.4 (ioterqua:tile range: 5.2-5.6)] and
~ 6.0 [n=56 (16.5%), median: 6.4 (interquanile range: 6.1.6.7)). The two
groups were similar with respect to age (p=0.24), gravidity (p=OA6) and

panty (p:0.62).
For women with a HbAlc ~ 6.0 in the 6 months prior:o cycle star'•• the RR
of achieving clinical pregnancy was 0.77 (Cl: 0.31-1.91) compared to those
wlll values < 6.0. Similar results were noted when adjusting for age [RR:

0.75 (el: 0.31-1.82)].
Conclusions: This is the largest stucy to date examining the association
betv-'een HbA 1c levels and cycle outcomes in the infertility population. Our
findmgs failed to demonstrate an association between a HbA Ic value within 6

Avg:avc:ra.gc:;SD:standard deviation

CQ~ClUSIO'"
A:nongs: a wide range of AMH values, the inc-a-patient inter-sam;>le CV was
simila:. The degree of blologica: var;atlon beC"'een samples from the same
patient is likely underestimated in c:.ment clinical practice. Fur.her study :nay
help bene: characterize this Variation in order to infonn clinicians and patients
when making clinical decisions with a si:1gle AMH value

Within.Patient Variability of Repeat Anti-MUllerian Hormone (A!\TH)
:'Iteasurements in the Infertilil'} Population. Vasiliki A Moragianni.' Kara
1\'gcyen, Alan S Penz,as.l-' 'Obstetrics & Gynecology, Be:h Israel Deaconess
MedIcal Center, Boston, MA; ]Reproductive Endocrmology & Infeniliry,
BOSfonIVF. Walrham, M4..
QBJECTIVE
NU:-:Jerousst..ldieshave cor.f1.r:-:ledan:i-milllerian hormone (..o\MH) to be a robust
indica:oT of ovarian reserve. AYfH has been shown to have minimal vanatlOn
Within a :nensU"..lalcycle when average::: over groups of individuals, bu: E:tle
has bee:; reported abo'...!tintra-patient, inter-sample variation and inter~ycle
varia:ion, especially in su~fertile patients. The objective of this stucy was to
beglr. to estabiish estl:nates ofwlthm-patient variability be~'een repeatA.\1H
:neasureme:1ts ir. the infertility population.
MATERIAl" & ~1rIHQDS
We obtained consecutive .A...v1HmeaS'.lreme:1ts from females seekmg evaluation
and treatment for subfertillty. P.MH was measured using a co:nrnercial assay
(Beckman Coulter, Inc.) that has a 7% inter-assay coe:ncient of variation
(CV). Delta was defined as the difference between consecutive AMH

measurer:le:lts.
RE:'llI IS
"Neanalyzed a total of743 A.M:Hvalues. measured in 401 sul:fertile females. On
average, ?a:ien~ hadA.MH levels :neasured on 2 separate occaSIons, separated
by 79 cays (IQR: 29-246 days). Results are sur.;mar,zec in table 1.
Intra- atien: vanabili a:ross AMH vabes
AMH-Avl! :n '% V-Av,;;
10.0.39 1121 1)4
1(14-0.79 80 '38
ICS-U9 160 31
':.2-\49 tio '23
'1.5-1.99 1~9 ~23
:2.0-2.99 ,34 ,22
;-:-0~,99 1~9 '18
6.0-7.87 8 8
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Fig 1. PND 110 OFF Al correlation with materna: weight A) M, (r= 0.5, p=0.03)
and E) F (r= 0.3, p=0.2) and leptin at breeding; B) M (r=0.7, p=O.03) and~)
F (r= 0.8, p < 0.001). ClrcJes - closed (CTR), open (MO); inverted triangles
(DINT). OFF serum leptin in C) M and G) Fane. TG m D) M and H). M ::
SEM, n =6. Data not sharing a letter, p<O.05.
CO;"ol'CLUSIO~'S: Maternal leprin at breedi::l.g correlated with M and F OFF
adult AJ but weight only correlated with M AI. DINT recuperated OFF le?tin
in M and F. YlO increase in TG was recuperatee in ~ with no diffe:-ences
between groups in F. This study indicates tha~ OFF MO AI is reversed by pre.
gestation gobal Dil'o'T with no change in dietary compOSitIOn. I) Zambrano
2010; J Physiol 588: 1791.

Adiposit). of Offspring (OFF) of Obese Rats Correlates Wwirh :\-l:iternal
Serum Leptin at Conception in a PreoGestation Dietary Intervention
(Df.\"n :\fodel. Elena Zambrano, I Paola M ~artinez-Sa:nayoa, ICarlos Ibtiiez,
Guadelupe L Rodriguez-Gonzalez, I Luis Reyes, I Claudia J Bautista, I Peter W
Nathanielsz.' JReproducllve Blology,lnstitufo .""'aclOnalde Cjenclas Medicos
y Nutricion 5Z, Mexico City, OF, Mexico; 'Center for Pregnancy and Newborn
Research. The University of Texas Health Science Center at San Antonio. San
Antonio, TX USA.
BACKGROL":'D: Maternal pre-pregnancy weight and body composition a~e
powerful predictors of OFF adverse outcomes. The Ir.stitute of Medicine re?on
on maternal obesity (MO) in pregnancy seeks srJdies to determine 0p:lmal
dietary and othe: interventions. We developee (I) a new rat MO model of
three maternal groups fed from the time they we:-e weaned: (i) control (eTR)
chow throughout; (ii) high energy, obesogenic ciet (HED) throughout to md'Jce
MO a"ld (iii) pre-gestational DINT - fed HED from weaning to post:la:al day
(pND) 90 and CTR diet to the end of the study.
:\fETHODS: Rats were bred at PND 120. On pup PND 2 liners were re.:uced
to 10. All OFF ate chow from weaning. Only one M and F from a liner were
studied (n=6). OFF were euthanized at P!'.'D 110 by decapitation, fat depots
removed and weighed. Adiposity index (AI): thoracic and visceral fat welghtl
bocy weight. 100. Mater.Jal serum le?tin at breeding and OFF at PND 110 by
RlA; triglycerides (TG) er.zymatically (Synd ..ron CX auto analyser). Anniysls
- one way ANOYA and Pearson co:-relations. Data M'" SEM, • p < 0.05
RESULTS,

5-158

synchrcnous manner. He~ein we furJ:er showed that while acute pretreatment
with TNF-a (50 nglml) for 30 min had no effec: on mitochondr.al membrane
potential (MMP) and ATP-induced [Ca~-]; responses, prolonged pretreatment
of TKF-a for 24 hours resulted in a loss of tvlMP, and also inhibIted ATP_
induced the initial [Ca~); peak, the number of [CaJo]; burs-:s, and blocked
cell-cell synchroniza:ion. S-acetyl cysteine (!\'AC, I mM"), an antioxidant,
rescued both TNF-a-ind.Jced loss of MMP and inhibition of ATP-induced
[Cai.];. In order to further translate our findings from the UAEC cell mocel
to the in vivo situation, we investigated the effect of TNF.a on ATP-induced
Ca~. and ~O response in the intac: endot.;"eliu.'7l (P-UA Endo). Simultaneous
F~ra-2 (fCa~']J and OAF ~O) :maging :n individual cells of mtact UA Enoo
showec that acute pretreat."fIent ofTNF-a for 30 :nin again had no effect on
the ATP.induced [Cal'], responses, but did acutely ircllbit ATP-ind:.Iced NO
produc~ion. The reduced NO production was also rescued by the superOXlde
scavenger PEG-SOD. Conclusion: TIJF-a-induced ROS production associated
with diseased pregnancy can indeed acutely li:nlt NO availability ir. UA Endo
but also chronic exposure can further indepe:ldenlty imparr [Ca"], signahn£
(by mitochondrial damage) otherwise necessary for eNOS activation. Funded
~y;'\IH HL079020, HD38843, HL492IO, HL50578.
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fold, p<0.05) and fur.her analysis revealec a number of significantly enriched
gene ontologies i::cluding vasculature development (p<O.05) and cell-cell
signalling (1'<0.0 I). Of these, 3 upregulated genes were chosen for further
analysis: CD93 (2.59 fole, p<O.OOI), STC-) (2.34 fold, p<O.OOI) and CXCL I°
(2.24 fold, p<O.OOI).The localisa:ion ofl'lese proteins to modified spiral arteries
in first :..'"imesterdecidua was demonstrated by immunohistochemistry
Conclusion
Csing 3-dimensional spheroid co-cultures presents an opportunity to study
spiral artery interactions in vitro. EVT conditioned medium j)romotes changes
in gene expression of decidua! vascular cells. Expression ofmese genes may
have implications for spiral anery remodelling due to their roles in apoptosis
a::ldchemoattraction of trophoblast and imr=lune cells.

Moderate Intlammatol""): Stimulation Promotes Prostacyclin Production
by Endothelial Cells. Juan Zhao,lJ Ruping Fan, I Shuang Zhao, I Lynn J
Groome, I Yuping Wang. I 'Obstetrics and Gynecology, LSUHSC-Shreveport,
Shreveport, U, USA; lCardiovascular Disease. Firs! Hospital of Harbin
Medical University, Harbin, China
Obje::tlve: Normal pregnancy is an inflammatory state comparee to the non-
pregnant condition. The present study was undertaken to test if moderate
infla:nmatory challenge could affect vasodilator prostacyc!in (PG12) production
by endothelial cells (ECs). PGI2 production by ~OS inhibItion was also
exammed.
Methods: Cytokine TNFa was selected as an inflammatory stimulator.
Con.flue:lt ECs were treated WIth TNFa at concen::ations of 10 and 100pg'
ml for 24 hours (0=6). EC production of PGI2 was measured by its sta~le
metabolite 6-keto PGFI a in the culture medium by ELISA. We fur.her tested:
i) if 1"N"Fll-induced PG12 production was via activatior. of PGI synthase. A
specific PGl2 synthase inhibitor U5I605 (5Ilglm1) was used; and 2) if eNOS
inhibitlOr. couIe affect PGI2 production. A NOS inhibitor L-~at different
concentrations (I 0-4M, I ()'5M, and ]0-6M) was used. All samples were assayed
in duplicate. Cellula: protei.."lconcentratlOD was measured. Data was expressed
a~ pg/J.lg proteir. and analyzed by ?-.NOVA or paired t-test.
Results: We found that 6.keto PGFla levels were significantly higher in
cells treated With TNFa than the control cells. The treated-to-control ratIo of
6-keto PGFIa levels (Th"Fo. 10 pg/mllcontrol: ].291:0.117, TNFo. IOOpg/mll
control: 2.14]:0.334) was dose-dependent. p<O.OI. Cells treated with L'51605
produced significantly less 6-keto PGFlo. compared to the control cells, p<O.OI.
U5]605 could also block TNFo.-induced PGI2 production, p<O.Ol. 6-keto
PGFlo. levels were not different in cells treated wltb L->&1MA. However,
cells treated with 'P.\"Fa - L-NMMA produced more 6-keto PGFI 0. than cells
treated WIth TNFo. alone.
Conclusions: Cyrokine TNFa could promote ECs to produce more PGI2. This
stimulatory effe::t is via activation ofPGl synthase. lnbibition ofe;-JOS did not
affect EC baseline production ofPG12. However, with moderate inflammatory
stimulation, inhibition of eNOS may influence vaso-dilator production by ECs.
This data suggests that under moderate inflammatory circumstance, vascular
ECs could produce compensatory effects to produce vasodilator PGI2 and
even when eNOS was inhibited. (Supported in part by NIH, HL65997 and
HD36822).
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T:"F-alpha Exposure during Pregnancy Inhibits ATP-Induced ICal.)land
!'JO Production in Uterine Artery Endothelial CeUs by Producing ROS
That Mediates Mitochondrial Damage. Fu-Xian Yi, Ronald R Magness,
Ian M Bird. Permatal Research Labs. University of Wisconsin-Madison,
Madison. ij-7, USA.
NO plays an important role in maintaining uterine blood ~ow to the fetus
dunng pregnancy. P:eeclampsia is charactenzed by endothelial dysfunction
and increased maternal plasma levels of TNF-a. We wishec to examine if
acute or prolonged Th"F-a exposure coule! impair [Ca2.]; signaling andlor
eNOS activation ir. uterine artery endothelium (UA Endo) dunng pregnancy.
Thr.a (50 nglml) stimulates ROS production (using H2DCFDA) in UA
Endo of late pregnant ewes and in the same cells isolated and malDtained in
culture (P-UAEC). The origin ofROS was inferred as both mitochondria and
t'ADPH oxidase since rotenone (l0 uM, mitochondrial inhibitor) or DPI (20
uM, NADPH oxidase inhibitor) significantly (but not completely) inhibited
TNF.a-induced ROS production ill P-UAEC, while the combination almost
completely blocked ROS production. We have previously reponed that
ATP (lOO uM) continuously induces [Ca~l oscillation and multiple [Cal+]
i bursts in P-UAEC (at high cell de:lsity) over 30 min. and this occurs in a

,.,
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of obese rilts become obese and hypertensive, presenting
a phenotype ,vith insulin resistance and increased plasm.l
lep,in (Samuelsson cl nl. 2008; Kirk cl nl. 2009). By 11 years
of age, children exposed to maternal obesity during
pregnancy arc at twice the risk of developing metabolic
syndrome (Boney CI nl. 2005).

'",Thcther developmental programming of offspring
physiology resulting from Il1Jternal ohesity and high
caloric diets can be reversed by dietary interventions
introduced before conception remains an unanswered
C1uestion of consider<tble physiological and clinical intt'r-
cst and importance. Although rodent models of offspring
metaholic developmental programming by maternal
obesity and excessive maternal nutrition have been
cxtensivdy investigated (Armitage ct al. 2005), we know of
no studies designed 10 reverse lIl1\vanted developmental
programming effects hy dietary intervention prior to
pregIlJllc)'. To rectify the bck of inforl11~tion on this
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Ohesity involving women of reproductive years is increasing tir;lm;lticnlly in both developing
and developed n;ltions, ;\latern.t1 obesity nnd accompanying high energy obesogenic
dietary (1vl0) int;lke prior to ;lncl throughout pregnancy and lactation program offspring
physiologic.ll systems predisposing to altered carbohydrate ;lnd lipid metnholism. \\'hether
maternal ohesity-induced progr.lInming outcomes arc reversible hy <thered dietary intake
commencing hefore conception remains un unanswered question of physiologic<11und clinicnl
importance, \Ve induced pre-pregnancy maternal obesity by feeding female rats with a high fnt
diet frolll weaning to hreeding 90 days later .md through pregnancy and laclation. A dietary
intef\'ention group (DINT) of h.fO females was transferred to normal chow I month hefore
mating. Controls received normal chow lhroughout. Male offspring were studied. Offspring
hirth ,..,'eightswere similar. At postlli.1tal day 21 f<ltmass. serllm triglycerides. leptin <uul insulin
were elevated in MO of(')pring anti were normalized hy DINT, At postnatal (by 120 serum
glucose, insulin and homeostasis model assessment (HOi\IA) were increased in ~lO offspring;
glucose was restored, and IJO~IA partially reversed to normal by DINT. At postnatal day 150
fal mass was incre<lsed in l\IO and partially reversed in OINT. At postnatal d<lY150. fat cell sizC'
was increased by t",10. DINT partially reversed these differences in fat cell size. 'Vc helicve this is
the first study showing reversihility of ndvcrse metaholic effects of maternal obesity on offspring
metabolic phenotype, and that outcomes and reversihility vmy by tissue affected.

Dietary intervention prior to pregnancy reverses metabolic
programming in male offspring of obese rats

Introduction

Obesity represents an ever incfl..'asing epidemic in
developing and dcveloped countries that also involves
women in their reproductive years. According to \VHO
the percentage of obese females (IHvlI greater than 30)
in j\.'lexico rose from 21 to 28% het' •....t.cn 1999 and 2006
while the incre<tse in USA was even greater, from 19.7 to
33% (World Health Organisa'ion, 2006). Maternal obesity
increases maternal obstetric complications (gestational
diabetes and preeclampsia) and poor fetal outcomes
(macrosomia and stillbirth). Human epidt'miological
and well-controlled animal research studies provide a
clear association between devdopmental programming
of offspring postnatal metabolic, cardiac and endocrine
function and maternal obesity during pregnancy and
lactation (Iktrker, 2002; Nathanielsz, 2000; Armitage et at,
2008n,h; Catalano ct nl. 2009). When adult, the offspring
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important question, we induced maternal ohesity in
non-pregnant female rats by fceding thcm a high fat
diet from weaning through pregnancy and lactation, and
determined outcomes in relation to of(<;;prillg metabolic
variables at weaning and 120 da}'s postnatal life, <llll!

adipose tissue at weaning and 150 days postllatallifc. In
a separate group of ('males, we determined the extent
to which dietary intervention by transferring l\.IO rats
back to normal chow diet 1month before mating could
reverse the adverse offspring outcoilles. An onese maternal
phenotype results from multiple and complex interactions
between the mother's genetic prcdispo,.;ition and her
own programming by factors in her own developmental
environment pre- and post-natally. This rich, mcchanistic
complexity is a major confounding factor in interpretation
of human epidemiological data ~md increases the Ilccd
for data from well-controlh.'d animal studies. \Ve havc
embraced this need hy rigorously controlling both genetic
stock and phenotype of the mothers of the pregnant rats
"."hose mall' offspring ',,'ere our study subjects.

\Ve hypothesized that dietary intervention beginning
before pregnancy would be able to reverse at least some of
the adverse consequences in the offspring of female rats
eating a high energy, obesogenic diet from the time they
themselves were ' ..•.eaned.

Methods

Care and use of animals

Standardization of phenotype of mothers of females
used to produce the pregnancies studied female albino
\Vistar rats horn and maintained in the colony of the
Instituto N:lcional de Ciencias l\lcdicas y Nutricicln
Salvador Zuhiran (INNSZ), Mexico Cit)'. Mexico held
in an Association for Assessment and Accreditation
of Laboratory Animal Care International (AAALAC)
accredited light-controlled facility (lights on from 07:00
to 19:00 h at 22-23°C) and fed normal bhoratory chow
(Zeigler Rodent RQ 22-5, USA) containing 22.0% protein,
5.00/0 fat, 31.0% polysaccharide, 31.0% simple sugars,
4.0% fibre, 6.0% minerills and 1.0% vitamins (w/w),
energy 4.0 kcal g-I. At age betwl'en 14 and 16weeks, when
they ,•..eighed 220::l::20 g (mean::l:: s.E..\1.), females were
bred to randomly assigned, non-litter mate, proven male
breeders. On postnatal day 2 after delivery (postnatal
day 0) litters were culled to 10 pups. At ,waning (post-
nat:ll day 21), offspring females were randomly assigned
to either a control (CfR; rl= 5) group that received the
laboratory chow or to a maternal obesity group (i\10;
H= 10) fed a high energy, obesogenic diet containing
23.5% protein, 20.0% animal lard, 5.0% fat, 20.2% poly-
saccharide, 20.2% simple sugars, 5.0% llhre, 5.0% mineral
mix, 1.0% vitamin mix (w/\\'), energy 4.9 kcal g-I• Only
one female from anyone litter was assignrd to a grollI'.

At postnat:ll (by 90, ] month before breeding, Jive
1\10 femall's were selected at random for the dietary
intervention group (DINT) and placed hack on the control
diet for the rest of the sludy, including pregn:lIlcy and
laclation. The remaining five 1\:10 females continucd the
high (at diet. At postnatal day 120 all three groups Wt.'Te
hrl'd and wt.'Tefed their pre-pregnancy diet throughout
pregnancy and lactation. All rats del ivered by spontaneous
vaginal delivery. Day of delivery was considered as
postnatal day O. food and water were available ad
lil,itlltJI. All procedures were approved by the Animal
Expcrimenl;ltion Ethics Committee of the INNSZ, !\texico
City. Pregnant and lactating rats were weighed every
dil)' through pregnanc)' and until pups were removed at
weanIng.

Maintenance of offspring

Litter size and pllp weight were rccorded :It hirth.
Ano-genil:ll distance, anterior-posterior abdominal
distance and head diameter werc measured with calipers.
Our published data indicate that :lIla-genital distance
is 1.t17:l:0.13mm (11=291 pups from 43 litters;
mean:l: s.UI.) in female pup, and 3.26:l: 0.22 mm
(11 = 252 pups from 43 litters) in 111:llesat birth (Zambrano
('/ af. 2005). Since a value af 2.5mm is more than 2 S.n.s
from the mean of either group, sex was judged according to
,.•..hether the anD-genital distance was greater than (male)
or less than (female) 2.5mll1. Litters of over 14 were
excluded. To ensure homogeneity of offspring evaluatt,'d,
all litters stlldied wcrc adjusted to ]0 pups per dam
except for one 1",10 litter that contained only 9 pups all
of which were rct<lined with the mother. The sex ratio was
maintained as close to I:] as possible. Pups continucd to
he weighed every week.

Offspring blood samples and retrieval of organs At post-
natal day 21, mothers were removed and pups fasted for
" h. Two male offspring were chosen at random from
each litter and trunk hlood samples ohtainl'd following
rapid decapitation by experienced pt..'rsonnt.'1trained in the
procedure using a rodent guillotine (Thomas Scientific,
USA). Morphometric measurements were made on the
nconates. Subcutaneous fat, the most plentiful site at this
stage of development, was scraped clean from the skin
and abdominal wall tissue from the axilla to iliac crest,
weighed ilnd either frozen in liquid nitrogen or fixed for
histology. At postnatal day 120, following an O\'ernight
fast, blood W<'lS removed from the tail vcin of two male
rats chosen at random from each litter. At postnatal day
ISO, following an overnight fasl, rals were rJpidly killed by
dcc<1pitation as described above and peri gonadal fat was
excised.

( 2010 The Aulhors, Journal (Omplialion 12010 The Physiological Society
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Quantification of adipocyte size Par;lffin sections of fixed
fat were stained with hacmatoxylin and eosin and analysed
with a Leica Qwin - 500 \V microscope ('quipped with a
digital camera. For each sample, four areas and 10 cells in
e•.lch area were evaluated. Cell areas were obtained using
Leica software for digital imaging processing.

Biochemical analyses

Blood glucose measurement Serum glucose was
determined spectrophotometrically using the enzymatic
hexokinase method (Beckman Coulter, Co., Fullerton,
CA, USA). Intra- and inter-assay (oc.'ff1cients of v<lriations
(CV) were <2% and <3%, respectively.

Insulin radioimmunoassay (RIA) Serum insulin
concentrations were determined by RIA (Lincn Research,
Inc., St Charles, MO, USA; Cat. no. RI-13K). The intra-
and inter-assay CVs were <4% and <6%, respectively.

Triglycerides and cholesterol measurement Serum
triglycerides ' •..'ere determined enzymatically (Synchron
ex auto analyzer, Deckman Coulter). Intra- and
inter.assay CVs were <6%.

leptin radioimmunoassay Serum leptin WJS determined
by RIA (Linen Research, Inc., Cat. nO.IU.-83K). The intra-
and inter-assay CVs were <4% and <5%, respectively.

Measurement of food intake at postnatal day 120 to 150
Offspring food intake was measured for 14 consecutive
days between 120 to 150 days of age. Two male rats from
the same experimental group were housed per cage. Food
was provided in the form of large tlat hisUlits. The amount
offood provided each day was weighed <1S \\'<1S the amount

remaining after 24 h. The amount consumed was averaged
hetween the two rats.

Statistical analysis

Litter sizes were normalized to 10 pups per litter on
postnatal day 2 and all mc.'3sures were made in two
randomly selected males per litter, and data from these
offspring .weraged for analysis to provide an 11= 5
littc.'rs per group. All data arc presented as mean :i: S.E.M.

To conform to common practice \•...e performed the
conventional analyses used by ourselves (ZambrJno et ai.
2006) and others (Ni\'oit £'/ 01.2009), in this type of study
of equal numbers of subjects per litter in which" refers
to the number of litters. The effc.'ct of diet before and
during pr('gnancy as well as differences between groups
of offspring was assessed hy one-way analysis of ,'ariance
(ANOVA) with the Tuke)' post flOC test where appropriate.
l' < 0.0) WilS regarded as significant. Confirmation of
significant differences was ohtained using <l mixed linear
modd to analyse the data with dam as a random effect
using data from all the pups rather than litters in which
11= 10 pups per group. \Vilh this method \•....e obtained
the S;lmc significant ch;lIlges as with the conventional
ll1elhod. Inslllin resistance index (fRr) was assessed by
the homeostasis model assessment (f IO~,IA) calculated
from the formula IRI = glucose (mmoll-I) x insulin
(flU 1111 ')/22.5 (Nandhini ctal. 2005).

Results

Maternal phenotype

One month prior to breeding, non.pregnant females on
the hi~h energy ohesogenic di('t were 22% heavier than
controls (fig. I and Tahle I). When bred at postnatal
day 120, the ~'10group was 16% heavier than the

intervention 8 Pregnancy Lactation
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~• •~ ~
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'" ~Z"~: '"50 I' ,
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Figure 1. Weight curves for the three groups of mothers
A. pre-pregnancy grO'Wth curves from weaning to mating, B, maternal weight during pregnancy and lactation.
22-0 means parturition day: 22 end of pregnancy and 0 begmnmg of lactation, Mothers: control (e), ItP < 005
different from both obese mothers (MO, 0) and dietary Intervention mothers (DINT, "' •• p < 0,05 versus MO
(n = 5 per group). Data are mean :i: S.E.M.
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Table 1. Maternal and Offspring phenotype

Control MO DINT

Maternal phenotype
Weight 1 month before breeding (g) 178.3:f: 7iJ 218.5:i:Sb 217.8:t: 7b
Weight at breeding (g) 213:i:9<ll 248:i: nb 232:i: 7<lb
Weight at the end of pregnancy (g) 316" 16 325" 1 307" 7
Weight at delivery (g) 239:i: nil 265 " 8b 233:f: Gil

Weight at weaning (9) 280,,19 253,,10 267" 15
Serum leptin at weaning (09 ml-1) 0.8 :i: 0.1 OJ 3.8" O.lb 1.2:i: O.la

Offspring phenotype
Weight at birth (9) 6.2" 0.1 6.0" 0.1 6.0 " 0.1
Length (mm) 51.1 ::I::0.1 51.3:i: 0.4 50.8" 0.3
Head diameter (mm) 11.2" 0.07 11.3" 0.04 11.2" 0.08
Abdominal diameter (mm) 12.3" 0.05 12.3,,0.05 12.4::1: 0.09
Head:abdominal ratio 0.93" 0.01 0.92 :i: 0.01 0.90" 0.01
Ano-genital distance (mm) 3.71" 0.05 3.88" 0.07 3.72" 0.07
Ano-genital distance (mm 9 -1) 0.59" 0.02 0.65::1: 0.01 0.62" 0.02
Body weight at weaning (9) 40 " 1.6 42" 2.2 37" 2.7
Body weight at 120 d (9) 300" 10 308 " 2 313,,10
Body weight at 150 d (9) 348,,12 354" 9 369:f:: to
food intake (9 day-l) between 120 and 150 d 17.9" 0.6 17.1,,0.7 18.5" 0.4

Data are mean 1: S.E.M. from n = 5 mothers per treatment group. P < 0.05 for data not 'iiharing at
least one letter. MO: maternal obesity, DINT:dietary intervention.

control females while the dietary intervention group was
interml'diatl' in \veight and was now only 9% heavier
than controls. At postnattll day 21, the time the pups
were weaned, ll1<lternal serum leptin was higher in the
t\-lO group in comparison with the control mothers.
Leptin levels in the DINT group were similar to controls
(Table 1).

Offspring phenotype at birth

At birth there 'vere no differences in offspring between
groups in birth ' ••..eight or other morphometric variables
measured (Table 1).

Offspring phenotype at weaning

There were no differellCt.'s in body weight in the pups
bet,veen groups at wcaning (Tnble 1). However, t\IO pups
had more subcutaneous fat tissue, and higher serum
triglrcerides. leptin and insulin than control. Dietary
inter\'Cntion returned all four mcasures to control levels
(Fig. 2). \Vhile serum glucose did not differ hetween the
three groups of offspring. serum insulin was devated in
!vIO offspring and returned to CTR levels in the DINT
group indicating the presence of insulin resistance in the
MO offspring.

Insulin resistance index at 120 days postnatal age

At 120 days postnatal age, offspring of ~IO mothers had
elevated fasting serum glucose and insulin and increased

insulin resistance when compafl'd with control offspring
(Fig. 3). In the dietary intervention offspring, insulin
remained c1ev"ted "hove the control group while blood
glucose did not differ from either of the two other
groups. As a result, recuperation of insulin resistance
was intermediate between the control and MO groups
and statistically different from both (I' < 0.05). indicating
partial recovery '!,Iilh a (!t.'gf<.'cof persisting insulin
resistance.

Adipose tissue characteristics at postnatal day 1SO

There were no differences in hody ,.•'eight in an)' of
the groups of of ('pring at postnatal day 150 (Table I).
Offspring of i\.IO mothers had a greater amount of hody
fat, larger fat cdl size and higher leptin concc..'ntrations
thtlll controls (Fig. 4). Scrumleptin in the DINT group was
no longer different from controls. Ilowever, although the
dietary intervention signifiGlIltly lowered hath fat depot
mass and fat cdl size, Ihese were still significantly higher
than controls.

Discussion

A recent review on effects of maternal obesity in pregnancy
concludes <Thc ('sea/m;(l/! of olles;t)' l1I1JOflgstwOlllen of
r('prodflc/i1'e (/g(' alUl the compJicntio1lS both short (/ud
JOflg term for the mother ami child has prol'ided the
Still/lIllls fiJI. r(/pid dn'c/opmclIt of l1I1illterl'c/ltioll to improve
olltcomes. To date, HOrlt' lUIS bcctl validated far clinical
IISC. UHdo1l1ltt'dl)~ the moSI slIccessffIl iwcrvcHt;ofl will

e:- 2010 The Author,>, Journal compilation { 2010 The PhY'>loIogicalSociety
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Figure 2. Offspring phenotype on postnatal day 21
A, subcutaneous fat mass; B, serum triglycerides; C. serum leptin; 0, glucose; E. insulin; F, IRI. Data showing
different letters are sigmflcantly different, P <: 0.05 bet\\'een groups. See Methods for description of maternal
diets for control (CTR), obese (MO) and dietary intervention (DINT) mothers (n = 5 litters per group). Data are
mean:i: S.E.M.

be tliat which prcvellts development of (Illes;!}' before the
reprodl/ctive yellrs' (Nelson cf III. 2010). We sOllght 10

determinl' if effective intervention could be established.
\Ve and other investigators have demonstrated that male
offspring are more predisposed to the adverse outcomes
resulting from exposures to challenges stich as poor
maternal nutrition and stress on glucose and insulin
homeostasis (Desai ct al. 1997; Sugden & Holness, 2002;
Zambrano ('f ai, 2006) as well as offspring lipid levels
(Lucas ct al. 1996). This increased susceptibility hilS
been attributed to the faster growth and consequently
more critic<ll nutritional need (Luc<ls ctai. 1996). Since
developmental programming of offspring outcomes by
maternal obesity may result from changes in uterine

and ovarian function (including egg quality) prior to
conception, the optimum intervention should reverse
unwanted changes that occur before pregnancy begins.

The increased maternal weight and offspring adipose
tissue Illass indicates clearly that the experimental diet
was able to produce •.111 increase in weight and other
maternal characteristics seen in maternal obesity in human
pregnanc)'. If a direct conversion is made from \veight to
Ri\-II - an extrapolation that must be m•.\de with gre •.lt
caution. and control mothers represent a woman with a
Rt\-II of 25. the top of the normal range, the obesogenic
diet induced an increase to reach a n~,l1equivalent of30.R,
exceeding the ovcrwci~ht range and cl1tcring the lower end
of the obese category. Dietary intervention returned the

A B
7 '2b::." " ::.:E 5

I ~ B
£4
'" .3
~ 3 .,
0 "S 4, 2 ~a E

CTR MO DINT

b

CTR MO DINT

C
3.0

2.5

2.0

!f 1.5

10
0.5

Figure 3. Fasting insulin, glucose and insulin resistance index (lRl) at postnatal day 120
A, fasting glucose; B. fasting insulin; C, imulin resistance Index. Data showing different letters are <;il")nificantly
different. P < 0.05. See Methods for deSCrIption of maternal diets for control (CTR), obese (MO) and dietary
intervention (DINT) mothers (n = 5 litters per group). Data are mean :r S.E.M
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DINT rats to the equivalent ofBMI 27.3- the middleofthe
overweight range. Maternal serum leptin was still c,'jcvated
in the ~:IO group at the end of the ' ....caning period ilnd was
completely recuperated by the dietary intcn'cntioIl.

The failure to observe differences ill birth weights in the
three groups is consistent with findings in many models of
effects of matern,,1 diet 011 developmental programming
(Armitage ef nl. 2005, 2008n). In one stud)', birth wright
was lower in offspring of mothers with diet-induced
obesity due primarily to larger litter sizes of 14.5 pups as
against 10.6 per litter in control litters (Nivoit et nl. 2009).
Thus, evaluation of outcomes, especially in the carl}' stages
of neonatal life, should be hased 011 body composition
rather than weight. which is a poor measure of the quality
of the intra-uterine environment.

Studies on the effects of maternal obesity have shown
similar ::tltered glucose and insulin-related, as well as
fat metabolism changes, in 1\'10 offspring outcomes to
those sho\' .•.n here (S;'lmuclsson ct nl. 2008; Kirk ct nl.
2009) ;)nd thus this model has value in determining
ability of the dietary intervention introduced to revt'rse
these basic adverse outcomes. It was not the purpose
of this study to determine the mechanisms involved
either in the developmental programming observed or its
recuperation. The primary purpose was to estahlish, for
the first lime, the pos,>ibility of reversal of well-established
adverse offspring outcomes of mafernal obesity and high
energy diets.

Although offspring basal fasting glucose levels at
, •..'eaning were not different in the three groups, insulin
levcls were raised by maternal obesity, indicating a degree
of increased peripheral resistance even at this young age.
DINT completely reversed the increased insulin resistance.
It is of interest that insulin InTis in 21-day-old offspring
were 20 times values observed at 120 days of postllJta!
life. High neonatal serum insulin has been previously
rcported (Aglla)'o-MalZllcato cf al. 2006). By 120 days

postnatal life, offspring insulin levels as well as insulin
resist;mce index wac significantly elevated ill hoth the
1,,10 and DINT groups. Delay in emergencc of altered
pht.'notype resulting from cl1Jllenges during development
is a major feature of development;;d programming. In
addition, while recuperation appearcd complete at 21 days
of postnatal life. Ihere were persistent metabolic changes
sillce DINT did 110t return either the serum insulin or
the insulin resistance index to conlrollevds at 120 days
poslnatallifc. from the point of view of translation of ollr
ohservations to programming of human life time health. it
is important that these animals were maintained on what
is a relatively low fat, low energy normal rodent laboratory
chow compared wilh human diets. It would be important
to sec if the outcomes differ following high energy dietary
challenges stIch as provided by modern junk food. The
explanation of residual effects remain to be determined
but it is possible that the initial period of maternal obesity
has produced epigt.'netic changes in the oocyte or other
reproductive functions that arc not completely reversed in
the limited period of dietary intervention imposed.

As with the carbohydrate metabolism variables, dietary
intervention completely reversed the increased adipose
tissue mass and elevated triglyccrides observed in {vIa
offspring at 21 days of life. In contrast, fat cell size at post-
natal day 150 was not completely reversed, again showing
persistence of adverse effects of maternal ohesity in the
presence of the dietary intervention.

Maternal obesity resulted in increased offspring leptin
concentrations at postnatal days 21 and 150. An extensive
literature exists that indicates that leptin is predominantly
produced by adipose tissue and acts on arcuate nucleus
neurons to inhibit food intake by stimulaling secretion
of the anorexogcnic neuropeptides POl\'IC and CART
(Rouret & Simerly. 2007). Neonatal serum leptin in
rodents has a chari1cteristic profile that uemonstrates a
pl'ak between postnatal lby 8 and 21 (Elias c/ al. 1998;
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Figure 4. Adipose tissue characteristics at postnatal day 1SO
A, serum leptin; B, perigonadal fat mass. C, fat cell size; and 0, example of haematoxylin and eosin staining of
fat cells. The scale bar (50 Itm) in the bottom histology panel applies to all. Data are mean:!: S.E.M. Data showing
rlifferent letters are significantly different, P < 0.05. See Methods for descriptIOn of maternal diets for control
(eTR), obese (MO) and dietary intervention (DINT) mothers (n = 5 litters per group).
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Elmquist el al. 1998; Proulx cl al. 2001; Yura cl al. 2005;
Bautista el al. 2008; Dclahayc ct al. 2008; Kirk ct al. 2009).
Though the determination of the timing and duration
of the leptin peak varies between studies and depends
on the precise experimental conditions (e.g. sampling
frequency), the existence of a peak is nmv well established.
The postnatal peak differs within rodent species and
strains, occuring a couple of days earlier in mice than rats.
The timing and trajectory of the postnatalleptin surge in
rodents is critical to the development of obesit)' in later
life (Vickers el al. 2005, 2008; Bautista cl al. 2008). One
vcry reccnt study shows that the leptin peak is <lmplified
and prolonged in offspring of rats made obese b)' eating a
high fat diet. These offspring demonstrated a hyperphagic,
obese phenotype in later life (Kirk elal. 2009). In the pre-
sent study, serum leptill was still elevated in offspring of
the ~lO mothers at postnatal day 21 but was recuperated
by DIm. However, it will be necessary to examine the
whole neonatal profile ,••..ith more frequent sampling.

lvlultiple mechanisms are potentially responsible for
immediate and delayed offspring outcomes resulting
from maternal obesity and over-nutrition. These include
increased nutrient delivery to the fetus and ne' ••..horn,
altered gro,,",th factor function in mother, placent<l
and fetus, and intbmm<ltory changes during pregnancy
accompanied by obesity (Challier et al. 2008). Since
an increase in maternal weight depends on increased
maternal caloric intake, in both human and animal studies,
it is difficult (perhaps impossible) to separatc mcchanistic
pathways resulting from obesity per se from those due to
the high caloric diet. Reduction of calorie intake is the
simplest and most physiological intervention for reducing
maternal weight. However, hoth maternal ,,,'eight and
diet are reduced simultaneously when dietary intake is
reduced. These simultaneous changes make differentiation
of outcomes due to the individual components impossible,
even in experimental models. This limitation may not
be a major concern in obtaining data that translate
to human pregnancy since multiple factors operate in
pregnant women who reduce caloric intake. Thus, our
data support future conduct of similar interventions in
women and provide an evidence-based background and
rationale for human translation studies. Other potential
interventions such as increased exercise and stimulation
of caloric utilization ma)' also provide an opportunity to
differentiate the effects of weight and diet but they ,,,ould
also introduce other confounds.

There arc currently several clinical trials on-going
that are attempting to determine potential maternal
behavioural and dietary modific<ltions in ohese
pregnant women to improve outcomes. Howe,'er, the
human situation is complex and involves hehavioural
modifications that arc vcry individual and the end points
to be evaluated arc hotly contested - ,••'eight gain and/or
insulin resistance, for example (Nelson ct al. 2010). There

-02010 The Au:hors. Journal compilation (: 2010 The Physiological5ociety

is a need to determine optimal timing, nature and extent
of interventions. \/j/c have taken the view that the optimal
time for recuperation would be prior to pregnancy and
have sought to de,'c1op a model to show the ability
and extent of the simplest of intervcntions, reducing
global intake, to produce beneficial results. It could be
argued that, regardless of the success of Jny experimental
inten"ention, women will not be willing to take similar,
effective action prior to pregnancy. The available e,'idence
indicates that women do not spontaneously alter their
dietary patterns when pregnant (Crozier ct al. 2009).
Interventions in pregnancy, as all major health areas,
therefore need to he hased on firm, reproducible scientific
evidence. Evid~nce to persuade obese ' •....omen to decrease
their 8(,,11 either before or during pregnancy must
cOJwince them of two things. First that maternal obesity
is harmful to mother and offspring in many ways and,
second, that appropriately lowering their n:-..u and food
intake will provide significant henefit 10 thcmselws and
their children. The experience with the efforts that led to
a dramatic decrease in cigarette smoking suggests that the
strongest of compulsive behaviours can be modified when
firm, incontrovertible information on benefit is provided.
In the best known of all human epidemiological studies
lasting over 50 years, Doll demonstrated the connection
between cigarette smoking and lung cancer (Doll et al.
200.1). One of the most persuasive pieces of evidence in
those studies was the demonstration in men born around
1920, that while smoking from earl)' adult life tripled
mortality rates, giving up smoking at age 50 halved the
risk and stopping at age 30 removed virtually all the
risk. The parallel with maternol obesity would be that
adjustment of life style with concomitant decrease in
obesity would avoid the maternal and offspring hazards.
Human studies indicate that maternal pre-pregnancy Rl\U
is a major determinant of adverse off<;pring mctabolic
outcomes resulting from maternal obesity (Catalano et al.
2009). Therefore, in the absence of an)' human inter-
vention studies, \'le chose to begin by recuperating the diet
in our rat model before pregnancy and maintaining the
recuperation throughout pregnancy and lactation. \Vhile
this protocol does not allow determination of critical
windows, it is an cssential first step in demonstrating that
recuperation can be achieved by intervention.

In summary, this study is, to ollr knowledge, the first
to attempt to develop a model of dietary recuperation in
maternal obesity in an extensively studied rodent model
and prm'ides somc of the first evidence that ul1\\-'anted
developmental programming effects on offspring that
result from maternal obesity arc at least partially reversible
by dietary intervention prior to pregnanc)'. \Ve present
thesc data in the hope that thc}' provide <l first step in
showing the benefits of pre-pregnancy modifications that
improve maternal diel and Bl\'II. One of the key findings
of this stud)' is that it was not necessary to return the
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matern,l1 weight to the level of the controls for bcncfl1
to accrue. further studies comparing different degrees of
recuperation of maternal weight will be of interest and
importance.
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ABSTRACT

We studied the rrrects or maternal high rat diet (HFD. 25% calories rrom rat administered berore and
during pregn.1ncyand I.watian) dnd diet.uy intervention (switching d.1msfrom HFDto control diel) at
difrerent periconceptional periods all male orrspring anxiety related hehavior, explor.1tion, le.1ming,and
motivation. From weaning at postnatJI d.1y(PND) 21. fem.lle suhjects produced to be the mothers in
the study received either control diet (CfR - 5% c.1loriesfrom f.1l}.llro through pregnancy and lactation
(MO), HFDduring PNDs21-90 followed hy erR diet (pre-gestation (PC) intervention) or HrD from PND
21 to 120 followed by CfR diet (~est,ltion and 1.1crarion(C) intctvention) and bred at PND 120. At 19
days of gestation matern.11serum conicosterone was increased in MO .1ndthe PC and C d.1ms showed
partial recovery with intermediate levels. In offspring, no effects were found in the el('v.1tedplus maze
test. In the open field test, r-.m and C ofrspring showed increase zone entries, displaying less Ihigmotaxis:
PCofFspring showed panial recuper.1tion of this behavior. During initial operant conditioning MO, PC
and G offspring displayed deneased ,lPPI"O.1(11hehavior with subsequent learning impairment during
the acquisition of FR-I and FR.S oper.lIlt conditioning for Sltcrose reinforcement. MOliv.llionduring the
progressive ratio test increased in MO offspring: PCand C imervention recuperated this behavior. We
conclude th.lI dier.lfYintervention CJn reverse negative effects of maternal HFD and offspring outcomes
are potentially dul' to elevated materndl corticosterone.

Cl2012 ISDN.Puhlished by Elsevier Ltd.All rights reserved.

1. Introduction

Maternal obesity negatively innucnces maternaL fetal Jncl ofF-
spring life-time phenotype including unwanted effects on offspring
brain development. behavior, affect and cognition Ifor review see
(Sullivan et aI., 2011; Tsoi et at.. 2010)). One prospective clini-
cal study of maternal ohesity outcomes reported high in,lttention
scores and a two-fold increase in risk of difficulties with emotion.ll
regulation in 5-yeM-old children (Rodriguez, 201 O).ln .1nimal mod-
els, maternal obesity causes brain developmental abnormalities in
offspring hypothalamic and hippoc.lmpal areas, and in the seroto-
nergic, dopaminergic and opioid systems which result in increased
.mxiety, impairment in spatial learning and memory and desensiti-
zation ofthe reward system (Bilbo Jnd Tsang, 201 0; Bouret, 20 1Db:
NJef et aI., 2008, 2011: Naef and Woodside, 2007: Sullivan et aI.,

•. Corresponding Juthor. Tel.: +52555487 0900x2417: f.1X: +52 55 5655 9859.
E-mail address:zamgon@ull.lm.mx (E.L..dmbr.lno).

073fi-5748/S36.00 C>2012 tSDN. Publish"l! by Elsl'vier 1.T11.All rights reserved.
dOI:l0.1016,1j.ijdevnell.2011.12.012

2010: ToZtlka et aI., 2010; Vucetic et al.. 2010; Walker et .11..2008:
Wright et aI., 2011). Since controlled, experimental dietalY manip-
ulation combined with the required intensive behavioral testing
of offspring is not possible in humans, it is necessary to use ani-
mal models to examine the effects of specific models of maternJI
over nutrition with and without dietary intervention on offspring
development and behavior.

Human epidemiological (Dabelea, 2007; Solomons, 2009;
Wadhwa et aI., 2009) .1nd Jnimal studies (Bautista C't aI., 2008:
Bouret, 2010.1: Han et aI., 2004; Nijland et <11.,2008; Nuyt and
Alexander, 2009: Symonds et .11.,2009; Taylor and Poston, 2007;
Warner .11HIOzanne, 2010) demonstrate that the peri conceptional,
fN,ll and early post-natal nutritional environments modify the
development of offspring physiological systems including cardio-
vascul.lf. metabolic and endocrine function. TI1ese observations
have led to the concept of a nutritional basis for the develop-
ment.ll origins of adult disease (Armitage et aI., 2004: Warner and
Ozannc. 2010). Developmental programming of offspring resulting
in metaholic disorders or obesity can occur following either mater-
n.1Iunder-nutrition (da Silva ct aI., 2011; Desai et .11..2007; Hyatt

http://www.elsevier.com/locatelijdev
mailto:address:zamgon@ull.lm.mx
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et al.. 2011; Sebert et aJ.. 2010: Zambrano ct aI., 2006) or over-
nutrition (Rayol et aI., 2010; Wright et .11.,2011; Zambrano et .11..
2010). We have recently reported developmental progr.lmming
effects of pre and/or postnatal protein restriction in feU offspring
showing reduced motivation, impaired [carning and decreased
thigmotaxis at adult age (Reyes-Castro ct aI., 2011a,b; Torres et .11..
2010). However, there a few data on the developmental program-
ming effects of maternal obesity and accompanying excess nutrient
intake which are becoming major concerns since more than 60%
of childbearing age women in developed countries are overweight
(King. 2006).

We recently reported on the potential of diet.uy intervention
to modify offspring metabolic outcomes resulting from lTIatefl1.1!

obesity and HFD prior to pregnancy (Z.lmbrano et ,li., 2010). In the
present study we wished to determine if dietary intervention. i.e.
returning the dam from a UFO to a normal diet, at different peri-
conceptional periods would influence offspring behavioral effects.
We hypothesized that in male offspring (1) maternal HFD would
negatively impact aspects of .lnxiety related behavior, explor<uiol1.
learning and motivation behaviors and (2) diN.UY intervention
would ameliorate some of these negative outcomes in a manner
dependent on the timing of the dietary recuperation. Four groups
of weanling femJle rats were administered either control diN (erR
- 5% c.llories from fat). a high fat diN (HrO - 25% calories from
fat) from postnatal day (PNO) 21 through pregnancy and lacta-
tion (MO group), the HrD during PNO's 21-90 follo\ •.••eci by erR diet
during pregnancy and lactation (pre-gestation (PC) dietary inter-
vention group) Jnd the Hro from PNO 21 to 120 followed by CfR
diet during pregnancy and lactation (gestation (G) dictalY inter-
vention group). Male offspring behJvior was assessed to determine
HFD effects on anxiety, explorJtion, learning, and motivation and
offspring improvement by maternal dietary intervention.

2. Melhods

2.1. Animal mH' and use

2.1.1. SubjeCfs used rll produce r'le dams/or rh••pregnancies studied
Female dlbino WiStolT r,lIS were born .lnd mdint.lined in the colony of the Insti.

tuto Nacional de (il'ncias :\ledicas y Nurrkion S.llv.lf\or Zubir,ln (INNSZ). Mexico
City, ~f'xico: ,m Associ.1tlon for Assessmenl and Accredit.ltion of Llbor.lIory Ani-
m.ll C.lee (AAA1J\C) Intem.1tlOn.ll .Kccedited f.1Cility. All pron'durt"s were .1pproVe<!
by the Animdl Experimentation F.thics Commitll'1" ofthl" INNSZ. Ml'xico City. Mexim.
Subjects were housed in ,1 light-controlled environment (lighls on from 07:00 10
19:00 h a122-23 C) .md fe<!normal laboratory chow (Zeiglt"r RocIenll~Q22.5, USA)
contJining n.ll% protein. 5,0% f.ll. 31.0% polysacchande. 31.m simple sug.us, 4.0%
fiber. 6.0% minerals and 1.0% vit.lmins (wlw). ent"rgy 4.0 kcalg- (0.2 kCJI g-I from
f.n). l3eTween 14 and 16 weeks of age (.werdg.' weIght 220:i::20g), fem.lles were
bred with a non-liller m.ue proven male breeder. D,lms deliwre<! n,lturally ,n Term
.lnd on posTllatJI day 2 litters were cull('d to 10 pups maintaining as near.l 1:1 r.llio
of malf's and females.

2.2. Experimental dams

At weaning(P:'IILJ 21 ),Ihe prosJlt"ctive mothl'rs were r,mciomIYJssignC'd toeither
.1control (CTR; n-12)die{ Ihat received l.loor.lIory chow or .1matern.ll obesity dit't
(MO: n - 36) - a high fat dieT conldining 23.5% protein. 20.0% dnim.lllaTr!. 5.0% f,ll.
20.2% polYS.lcch.-'lTide, 20.2% simple sug,lrs. 5.0% fiber. 5.0% mineral mix. 1.0% vilJ-
min mix (wfw). energy 4.9kcalg-t (1.23 kcalg I from anim,11lard ,m<l fJt). Only
one female from anyone liner W.1SaSSIgned to.1 group. At I'NO 90. 1 month before
breeding. 12 MO fem.lles wereassigne<l .11random to thediN.lry LOtervenrion (DINT)
pre-gestation group .md pl.lced back on erR diel for the rest of the sludy, i.e. hl'fore
and during pregn.lncy and l.letJtion. At l'NO 120.111 groups were bred .'Inti the d.1Y
sperm.Hozoa were present in a vagin.ll smear deslgn.lIed.l5 d.lyof conception. At Ihis
time 12 MO fem<lle!l were .lssigned at r,mdom to the Dl~T group during gestation
(G) dnd switched to CTR diet for the r('st of the study. i.f'. pregnancy .md lactation.
The other 3 groups were (('d their pre-pregn.mcy diet throughout pregn.mcy .lnd
lactation (see Table 1 for group,,). At 19 days of gestation 6 dJms from (".lChof th('
4 groups were euth.mized 10 coilect serum for corticosternnC' me<lsurements. All
rem.1ining dams (6 per group) delivered spont.meously. The day of delivery W,IS
considered as PND O. Fooll ,lnd w.lter were ,w,1il.lhle ad libirum. !'regndnt .lnd lacl.lt-
ing rats were weigh.'d every day through pregn.mcy .md untit pllpS WNe rl'moved .It
weaning.

2.3. Afilinr ••nance of of[5pring

Lifter SlZt" ,md pup weight were recordf'd at birth. Ano-genitdl dist.lnct'.
anterior-poSTerior ahdomll1.11 dist.mce ,md head di,ln1eter were nW.1sured with
calipl'rs. Our published dat.l indicate th.ll Cino-genit.ll dist.lnce IS 1.67:i:: 0.13 mm
(n-291 pups from 43 litl~'rs: nW.ln.:i:SEM) in femak pups Jnd 3.26;i:O.22mm
(n-252 pups from 43 Wiers) in mCiles .11 birth (zamhrano et .11..2005Ci). Since.l
v.llue of 2.5 mm is more th.m 2 SOs from the nH',m of either group, sex \.•••.1Sjudged
.lccording to whethl'r Ihf' ,mo-gellital distance W.1S>2.5 mm for m.lles. To ('nsure
homogeneity of offspring evaluated ••111titters slud ied were adjllst('d [0 10 pups per
{bm. The sex ratio WJS m.lint.lineL! as close 10 1: I as 110ssiblf'. I'ups romintlt'd to be
weighed every week.

2..1. 1:'Ievarer! plus maze (EPM)/openfiercl

Two weeks prior to all l>t'h.wior,ll testing. a reverse light cycle was Implemented
(lights off at 7 .1,m, .lnr! on .1I7 p.m.) with testing occurring during [he dark ph.lse.
Subjects were aS5f'~~e<!7 d.1YSa wt'ek ,1t the S.lllle time of the dark cycle for each
subject bNw{'en 8 .1.m. and 4 p.m. At PNO 75 six male IInrelatf'd n,llve subJ('cls per
tre<1tllll'n( group WtOre[{'sterl. The ~pecific.l[ions of d.lt.l colleCTIon. Iht~ EPM .md Ihe
open field app.lTatus h.we been dl"srribt'd in detail (Reyes-CJstro et al.. 201 1.1).

25. Operanr condirioning

On I'NO 80 six unrel.Hf'd m.lle offspring from different litlers per dit't group
were tested in 0pt'r.llH ch.1mbers (E10.1OTC, Couloollrn-lnstrumenTs. PA. USA) <IS
previously described (Ikyes-C.l~trot't .11..201Ib). Two week~ prior to onset ofoper-
am training offspring wer(' placed on w.lterdeprivaTion for 23 hfday with 1 h offrre
.\Ccess. This continued throughout tr.lining and tesung with the I h of free access
imme{liJtely follo •••...ing bell.wior.ll sessions. for each trial the lever was extended
until pressed .• lfler which the subjf'et was allowed 120s to .1PIHoach [he rew,ud
mCig.lline .lnd respond wilh a nosl' poke. The regislr.lIion of Ihe Ilo~e poke into the
reward mag.nine hy the phorocell receplors sl.me<! the ft"t'ding for lOs. Each tri.11
was followed by.ln inter-Iri.ll inlerval of 5 s during which Ihe lever wa~ rt>traeted.
FR-l conditioning W,lS compleTe when subjects earnl'd 20 reinforcements during ••
15-min session. After all subje<:ts r{'achl'd this cciterinn. they were tntroduce<! to.l
FR-5 schedule with the idt'ntic.11 perform.ll1cecriteri.l.lS for the fR-1 schedule albeit
with 5 responses rt'l"lllired lwr tri.l!.

2.6. Pr(Jgrrs.~jye rario resring

following oper.lnt conditioning. each subjerr commenced progressive r<ltio Test.
ing for 10 d.lys.ln The progressive ratio schedule . .ln addltlondllevf"r press is requi rl"d
for all subsequent f{'infOicenwnts for Ihe firS( eight reinforcements (progressive
ratio + 1). Fnr instance. one press for the firsl reinforcement and four presses for the
fOUTlh reinforcement. Following every eighth reinforcement, thl' respon~e incre-
ment doubles and hence the number of lever press('s required 10 obtain successive
sucrose reinforcements W.1S as followed: prngrf'ssive r.Hio + t -1, 2•...• 8: pro-
gressive ratio + 2 - 10. 12..... 24: 11rogressive ralio+4 - 28.32 ..... 56; progressive
ratio + 8 - 64. 72 ..... 120; progrt'ssive r.lfio + 16 _ 136. 152 .... ere. Progres~ivE' r,ltio
sessiolls were 30 min in lenglh.

2.7. !-"reI' sucmIt' consumption

To assess sucrose consumption behdvior. subjects were given direct ,1(cess to
houled sucm~e solution (7%) ror lOmlll in the famili.u colony room I '\,Iyafter
Ihe laSTprogressive r.Hio session. For This evalu.1Iion subjl'cts wert." single C.lge<! ,lnd
sucrose COllSIIIl1ption was calcul.lted by sllbrr.lction oflhe bottle weight at t he end (If
the sessIon from the initi.ll weight This procedure W,lS performt'd 0113 consecllfive
days.

2.8. [orricostl'fOlle measurements

In dams oal 19 d,IYS of gestation and in fht> male offspring on I'NO 110, subjl'Cts
were solcrifin'd hydecallitdl ion .md blood sdmples (aken from Ihl' neck to dl'termine
conirosterone serum levels. Blood s.lmples were ccntrifugE'd.lt 4 C for 15min.lt
3500rpm to remove rf'd blood cells and serum stored a( -20 C until.1Jl samples
were analyzf'(1. (orticostt'rone serum I.'vels were delermin.He by r.ldioimmllnoas-
say using .1commerci.11 r.lt kit. DI'C (oat-a-Ct'llint (TKI\CI) from Oi.lgnostic Products
(Los Angele~.CA, USA). Int r.l- and inTer-.ls~ayv.lTiabiliIY was <6%and <7%.The kitw.lS
uSf'd in .lCcordanre with m.1nuf.lclurer's ins[(lIclions and samples were me,lsured
in duplic.lte.

2.9. SrariHiml anal)'.\es

All dat.l are pn'senled ,15 :-.1e,ln.:i:SEM, alph.l level W.lS sl't.H 0.05. Behavioral
endpoints and corlicosrcrone level~ wert' dndlyzed by ANOVA with befwl'en-subject
f.lCtor of e.nly life manipul,Hion (m.ltf'rnal dlel during the different periOlls). I'nSf
hoc .m.llyses were performed by Tukcy test using Sigma ST,lt 3.5.
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T.lble 1
Experiment,ll groups.

Groups

Control (CTR)
M,1ft'rn.ll obesity (MO)
Pre-gestational dil'fdry inlt'fvention (PG)
Gestation,l! dietary intervention (G)

M.lternal diet Offspring diN

I'ND21-90 I'ND90-120 I'wgn,mcy l...ltr.uion

Control ("ontrol ("ontrol Control Control
Iligh r,tt High r,lt 111p;h r,lf High r,lt Control
High r,n Connul ('onllol Control Conrrol
High r.lt High fat Control Control Control

Fig.1. M,Herna! serumconirosterolle levelsdt 19 days gest,ltion. Mean ::l:SEM,n-6
d.lms. Data not sh.lring .lletler ,ue st,lfistic.llly differf'nt . ..,« 0.05.
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3.2. Elevated pIllS maze

On PND 75 male offspring were administered the ErrvI to mea-
sure anxiety relat{'d heh,wiors. Offspring displayed no differences
in the numberof entries, lime spent or distance traveled in the open
arms, or totJI distance trJveled (Fig. 2A-D).

3.3. Open field

Analyses of behavioral endpoints in the open field test revealed
differences in experimental offspring. The MO and C offspring had
increased border zone entries compared to CfR offspring (Table 2.
p < 0.05). The G offspring had increased centcr zone entries versllS
CfR and increased center zone distance tr,1Veled compared to erR
.md PC offspring (Tahle 2. p < 0.05). No differences were found for
total distance, border zone time. horder zone distance, and center
zone time (Table 2).

3. Results
3.4, Operullt co1lditioning and progressive ratio

3.1. Maternal corricosterone

Maternal corticosterone was higher at 19 days gestation in MO
than cm dams (Fig. I. P < 0.05) with intermedi.He levels in the PC
and C which did not re.lch significance.

In offspring initi.ll exposure to the operant chamber revealed
differences in the 11l1mberof sessions before approach Jnd response
to the reinforcement contingent lever. The MO, PC and C offspring
reqllired more sessions to respond versus the CrR offspring (Fig. JA.
r < 0.05). For fixed rJtio 1 schedule of reinforcement (FR-l). group
differences were determined for the number of sessions before

B 300
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U 200
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" 150
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CTR MO PG G

D 30

.s 25
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'" 15;;;
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MO

MO

CTR
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2
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6

.s 5B 4
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'"o 2

A 12

10
V> 8
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'" 4

Fig.2. Elevdtf.'d plus m.ue endpoints. (Al Open arm {'ntries. (Blopen .um time (s). (C)opt'n arm distancr tr,lVell'd (ml. (0) total distdnce trawled (m). Mean::l:SEM. n-6 from
different litter. Data not sh,lring a letter .Hf' sr,uistlC.lliy different. p < 0,05.
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Table 2
Open field.

Group

erR
MO
PG
G

TOldl dj~tance

44.3 J; 4.8
56.6.:t 10.8
50.5 .:t 5.0
48.5 .:t 4.5

Border zone entries Horder lone time Border zone dist.lnfe Center zone entries Center zone time Center zone disl.lnf("

12.3.:t 1.7" 519::1::45.7 39.1 ::I::4.2 11.61: lo9! 81 :::.45.7 5.2 :!:: 0.9~
22.3 .:t 2.9b 5:19:t 6.0 48.7:t 10.2 21.31.2.9.>1> 61 :t 5.9 7.9 :t 0.9,h
16.3::1:: l.4.b 547 1: 9.3 43.8 l: 4.1 15.8.:t 2.5 .••• 53 :!:: 9.3 6.6 1: 1.2.
25 1: 6.21> 461 1: 17.4 36.5 j; 3.2 25.3 30 2.6b 139:!: 17.4 12.0 .:t 1.61>

A
5

~ 4c
.2
~ 3•rn
'" 2

eTR MO PG G

B CI. 4

b
B

G 3

6

La 2
4

2

erR MO PG G eTR MO PG G

rig. 3. (Al Number of sessions required for offspring (0 press the oper.mt lever for initi.ll positi"t" reinforcement. (H) Numher of sessions Tl'<]uired for offspring to .ut.lin FR-l
perform.lOce criterion. (C) NlImbt-r of sessions requirt'd for offspring to .lIrain fR-5 performaoce nilerion. Me.ln.f: SE~1. n .• 6 pups. Dat.l not sharing a l{"ttN Jre statistically
different. p < 0.05.

30

fig.4. Numberof rewards received during progressive r.nio sessions. ~lean :tSEM.
n .•6 pups. O.lt.l nol sharing .1letter are statistically difF("f(,llr, p <0.05.

offspring attained criterion. The MO, PC and C offspring .111required
more sessions to attain performJnce criterion with the MO group
requiring the most sessions (Fig. 3B,P < 0.05). Fixed ratio 5 schedule
of reinforcement (FR-5) shows MO, PC and C olTspring all required
more session to reach performance criterion versus em offspring
(Fig. 3c' P < 0.05). Effects on motivation as assessed by progressive
ratio tasks show increased responding in MO offspring compared
to CTR,PC and C groups (Fig. 4, P < 0.05).

Developmental exposure to environmental challenges in off-
spring can influence various aspects of behavior. In a model of
maternal obesity in the rat (Z.lmhrano ct al.. 2010). we sought to
determine the behavioral effects in male offspring born 10 dams
administered a I-IFD from PND 21 through pregnancy and lacta-
tion (maternal obesity. MO group), HrD from PND 21 to 90 and
switched to control diet 1 month before mating and during preg-
nancy and lactation (pre-gestation dietary intervention, PC group)
and from PND 21 to 120 hut not during pregnancy and lactation
(gest.1tional dieta!)' intervention. G group). The different windows
of HFD regimens administrated produced physiological differences
in the mothers (zambrano et al.. 2010). of particular importJnce.
maternal corticosterone serum levels Jt 19 days of gest.1tion were
increased in the MO group but to a lesser degree in the PC or C
groups. Increased matern,11 corticosterone has been demonstrated
in many situations that result in developmental programming of
offspring by altNC'd matern.ll nutrition and may constitute.1 com-
mon feature thaI explains some ofthe similarities in outcomes from

to the PC and r. offspring hut not vcrsus em offspring (Fig. 5,
p<0.05).

4. Di.scussion

GPGMOCTR

5

25

~ 20~
'"" 15&
'It 10

3.5. Free sucrose consumption

3.6. Offspring corticosterone

T.lble]
7% sucrose consumption during 30 min (average of3 days).

E soO'".s" 400c:e

* 300
0

"" 2000u
enc 100.~

~
0

CTR MO PG G
Fig. s. O!rsprillgconicosrerones("rum levels. Me.lO::I::SEM, ""6 from diffN("nt lltrer.
Data not sh.lring a letter .ue statistIcally dilTerenl, p < 0.05.

ANOVA

18.0 :t 0.3 p.•0.051

GPG

18.5:!:: 0.3

MO
17.3:!:: 0.3

CTR

18.4 :t 0.3(mil

No overall treatment effect was determined for free access to 7%
sucrose during three 30 min sessiol1'i (Table 3).

Corticosterone male serum levels were me.lsured on PND 110.
The MO offspring show decreased corticosterone levels compared
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different challenges (CoUrell and Seckl, 2009; Langley-Ev.lns, 2009;
Zambrano et .11..2005b: Guzman et al.. 2006).

4. I. Anxicry related bellavior and exploraro,y effects

Consistent with our findings here, anxiolytic effects in offspring
following early postnJtal overfeeding in male and female offspring
(Spencer .lnd Tilbrook, 2009) and following maternal UFO during
lactation in male offspring have previously been reported (Wright
et aI., 2011). Those studies demonstr.1ted that raising rJts in small
litters (Spencer and Tilbrook. 2009) or dams fed a cafeteria diet dur-
ing pre-gestation, gestation and/or lan.Hion (Wright ('( .11..2011)
induces obesity in offspring and reduces anxiety in the EPM and
the open field. Additionally, chronic consumption of a liFO during
pregnancy causes perturb.ltions in the serotonergic system. such as
increased expression of tryptophan hydroxyl.lse 2 and serotonin 1
A receptor in the rostral raphe nucleus. and increases anxiety-like
behavior in rhesus monkey offspring (Sulliv.1Jl et aI., 2010).

In this study the anxiolytic effects were not app.lrent in the
experimental offspring during EPM but were obselVed during the
open field test. These inconsistent behavioral responses in the
EPM and open field tests are not surprising since studies indicate
that beh.wioral tests that rely on unconditioned responses assess
different aspects of affect and that emotional reactivity is multidi-
mension,ll (Ramos. 2008; Ramos et aI., 2008; Trullas and Skolnick,
1993: Vendruscolo et a\., 2003). t\ current review contends that
the EPM, open field apP<1ratus and the Iightfdark box tests should
be administered concomitantly to more adequately .lssess affect
since time and/or sequence of test administration can influence
outcomes (Ramos, 2008). One potenti.li effect of testing sequen-
tially across days is that effects are reduced as testing progresses
(Ramos, 2008). However, here we report negative results in the
first task administered (EPM) and positive results in the subse-
quent task (open field) which makes the preceding Jrgument less
likely. Alternatively. inconsistent results obtained across tests may
be due to construct differences between tests or to uncontrolled.
intra-individual flucttl.ltions in behavior (Ramos, 2008).

4.2. Learning effects

During FR-1 and FR-5 operant conditioning MO, PG and G off-
spring displayed impaired learning. So in experiment.ll offspring,
maternal dietary intervention did not prevent these p.lrtiClllar cog-
nitive deficiencies. In support of our findings in the MO group,
previous studies report hippocamp.ll br.lin derived neurotropic
factor is decreased along with hippocampal neurogenesis and
impairment in spatialleJrning in mice offspring exposed to a HFD
during pregnancy and lactation (Tozuka et 011.. 2009, 20 1O).lt should
be noted that maternal dietary intervention at either period, 1
month before pregnancy or at the beginning of pregnancy. did not
prevent learning impairment suggesting that maternal diet long-
term prior to conception is critical for m.lle development.

We have previously measured elevated corticosterone, estra-
diol. testosterone (Zambr.lno et aI., 2005b) and progesterone
(Guzman et .11.,2006), concentrations near term (19 days ges-
tation) in prenatal protein restricted rat dams with subsequcnt
cognitive impairment in offspring (Reyes.Castro et .11..2011 h,
2012). In rhe present study matern.ll corticosterone levels were
increased in MO dams and margin.ll1y, though not significantly,
increased in the PG and G darns, Maternal steroids C,ln cross the
placenta. and such exposure to transplacentally acquired andro-
gens .md glucocorticoids in fetal life can restllt in developmental
perturbations which could have a role in the current behavioral
findings since human studies report impairment of sp.1ti.11learn-
ing ability in males exposed to excess levels of ,lI1drogens in IItero
(Meyer.flahlburg, 2011: fluts et aI., 2008). TIlerl.' is also abundant

evidence of excess levels of glucocorticoids in !/trro impairing
brain development and later behavior in hum.lns and animal mod-
els (Antonow-Schlorke et .11.,2001, 2003; French et aI., 2004;
Johnson et .11.,1981; Karemakeret .11.,2006,2008; Matthews, 2001:
Rodriguez et a!., 2011; Seckl, 2008; Szuran et aI., 2000; Uno et aI.,
1990, 1994; Weinstock, 2008) which could explain the cognitive
deficits demonstrated in this study.

.1.]. Motivarion efIeers

During morjv.ltion ,lSsessment, MO offspring display increased
motivation. In this context, diNary intelVention normalized moti-
v,ltion in male PC and G offspring, The increased motivation
displayed by the MO offspring is consistent with models showing
increased appcritive andfor consummatory drive following mater-
nollor early life over nutrition (Chang et aL. 2008; Oes,li et .11..2007;
Sebert et aI., 2009). Similar to the MO offspring outcomes in this
study, rats born to dams fed a junk food diet during gestation and
lactation develop hyperphagia and a preference for fatty, sugary
Jnd salty foods over protein-rich foods compared to offspring fed
a b.ll.mced chow diet prior to weaning or during lactation alone
(B.lyol et al.. 2008). In the present study, effects of maternall-lFD
on offspring stlcrose consumption behavior were measured there
W.1Sno overall effect of perin.ltal diet. so the influence of consum-
matory behi1Vior on progressive ratio (motivation) behavior is not
.1PlllicJble.

5. Conclusions

Maternal HFO administration produces an altered behavioral
phenotype in male offspring. Dietary intelVcntioll recuperated or
ameliorated certain indices in dams and offspring. In dams, corti-
costerone levels were reduced in the PG and G groups to between
erR and MO levels. However effects on offspring learning could
still have been affected by the increased levels of maternal prena-
tal corticosterone JS all experimental offspring displayed learning
imp.linnent. Prenatal exposure to increased levels of glucocorti-
coids changes hypothalamic pituit.uy adrenal axis function as well
as associated receptors expression levels [for review see (Kapoor
et aI., 2008)1. Normal!evels ofmorivation were restored by PGand G
intervention. Additionally during exploratory hehaviors, PG inter-
vention prevented the increased exploration l)el1avior displ.1Yed by
the MO and C. offspring in the opell field. These findings show the
importance of optimizing maternal diet and avoiding the compli-
ration of obesity. It also holds out the hope that recuperation of the
diet prior to prcgn.lncy can have beneficial long-term effects.
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Abstract

Mntcmal obesity is a global epidemic affecting the developed and developing world. Human :llld

animal studies indicate thaI maternal ohesity programs development predisposing offspring to

later-life chronic diseases. Scverallllcchanisl11s act together to produce these adverse health
probkms. There is a need for clTcclivc inrcrvcnti(lIls thaI prevent these olltcomes and guide

management in human pregnancy. We report here dietnry nnd exercise intervention studies in hOlh
altricial and prccocial species, rats and sheep, designed 10 prcvcllI adverse offspring outcomes.

80th interventions pn:sent exciting opportunities 10 at least in pari prevenl adverse metabolic and
other outcomes in mother and off.<;pring.

INTRODUCTION

Worldwide nearly 1.5 billion people ;lre overweight (body mass inde:••- 0'\11 - greater than
25 kg/m:!) or obese (Bt\lI grealcr than 30 kglm2) 1. Almost every country is affected:
.\fexico,J2% of women of reproductive years arc obese 2,3; US,\, 35% of women of
reproductive ye~lrs arc obese 4; Brazil 50% of the population is overweight or ob..:=se5, 6;

United Kingdom 33% of pregnant women arc overweight or obese 7; India 26% ofwomcn
of reproductive years .Ire oven\'eight and 8% obese 1\ China 16% ofwoll1cn arc ovenvcight
or obese 9; Ghana 64.7% of\vomen arc either oven\'eight or oheseW. The WIIO
(W\v\••...who.intinut/obs.hllll) has declared obesity olle of the top ten adverse health risk

conditions in the world and one of the top five in developed nalions.

As pointed out in our previous revie\v "Animal Studies that Reveal \'1cchanisll1s of
Progmmming ofOffs.pring Outcomes of l\:laternal Obesity", malernal obesity programs

Currc~pllllding Author: Elena Zamhrano, PhD, Rcproductive Riolngy. Inslilllto Naeional Je Ci..-ncias ~,ICJieasy Nutricion, Salvador
Zuhirnn, ~'l.::.,ico.Tel: 5~ 55 54S7 0900 ext 2417, F..\X: 5:! 55 5655 9R59. 7alllgon-allnam.mx.
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offspring predisposition to a wide v<lricly of chronic. later-life discases. A belief

understanding of developmental programming requires integration of factors involved in

challenges, mechanisms and outcomes involved. Reports of experimental interventions in
animal models in tllc setting of obesity arc scarce II. 12.Using nutritional or targeted
thcr<lpcutic interventions during windows of developmental programming studies in some

cxpcrimcnt:ll animal models h,wc shown P(lIClllial reversibility of unwanted offspring
metaholic outcomes 11. For cxamplc,lcptin treatment ofnconatnl female rats born lO

undernourished mothers prevents development of metabolic compromise in adulthood 13;

mnternal antioxidant supplementation in rats fed with the Western diet partially prevents
offspring adiposity and normalizes glucose tolerance 1.1.In other studies it has been shown

that genistein supplemcnlnlion in mice during gestntion prolC'cts offspring susceptibility to
obesity 15. This chapter will focus on 'lnim'll studies designcd to illuminate mechanisms by
which intcrvention5> invol\'ing a change in maternal diet or level of exercise may act to
improve maternal and ofl~pring outcomes.

There arc many reasons why animal intervcntion studies arc nceded. Importantly, animal
studies arc much mon: controllable Ihan human clinical interventions which is the parallel

human approach to hypothesis driven anim,ll rescareh. In addition a gn:aler depth of

mechanistic interrogation is possible resuhing from tissue retrieval and multiple testing in

animal studies and results an: obtained much more quickly to guide management in human

pregnancy. Reproducihility and independent confirmation, the indispensible n:quiremenls of

scientific ccrlainty, arc also generally easicr to ::lchievc in animal studies. Carefully designcd
clinical trials to determine effects of interventions and improve mnternal health in pregnancy

and offspring outcomes arc now in progress 16. Howevcr, in addition to thc length oftimc
nceded to obtain thc requin.::u data, clinical trials have to conh:l1u with multiple confounds

related 10 the mother's socioeconomic status and pre-pregnancy health that not only make
their analysis and interpretation difticult but also may Iimitlheir uscfulness in determining

mcchnnisllls. Ther~ is a pressing need. as the recent IOi\.1 rcport indicates 17. for thc

dcvclnpment of evidence-bnscd interventions that inform and motivate pregnant womcn to
adopt a healthy lifestyle before and during pregnancy. Currently there is much interest in
both matcrnal diet and excrcisc as potentially modifiahle f:lctors to usc as intervcntions IX-20.
The optimal timing and extcnt to which advcrsc effects of the matcrnalmetaholic phenotype

rcsulting from maternal ohcsity and associntL.d high caloric diets can hc prevt.'nted and/or
possibly reversed by these interventions rcmain un:ms\vered qucstions of considerable

physiological interest and importancc in clinical obstetric managemcnt. Most authorities
belicve th'lt interventions introduced heforc conception will ha\'c the best results. It should

always be born in mind that poor maternaillutrition also programs adverse offspring
outcomes 21-23 nud sudden and excessive restriction ofm~J.IenJal and fetal nutrient

availability may well intrfldllce new dangers. Thus firm scientific data are needcd to guide
interventions.

When considering thc goals of spcd fie intervent ions to bcncficially impacl dc\'elopmcntal
programming outcomcs, a distinction must al",;ays he made hetwcen intcrventions designcd

to prevent negative offspring outcomes and intervcntions conducted 3t later stagcs of an
offspring's lifc to rcvcrse adverse health outcomes. Clearly prcvention is a better strategy

X'lrr Rei'. Author manu~crirl: aV:libbk in P\1C 2014 Oclohcr 10.
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than to try to rcvcrs~ problems. The present review' focuses on maternal intervention to

prevent negative offspring outcomes by matcrn~l1 obesity.
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STUDIES ON PRE-PREGNANCY DIETARY INTERVENTION IN THE OBESE

RAT

Investigation ofprogrmnming of offspring by maternal ohesity requires that il1\'cstigators
ensure initial phenotypic homogeneity of the diOercnt groups of mothers studied - controls,

obese mothers and mOlhers in \vhich interventions arc introduced. Care is necessary to

achieve this important goal when females who \!"ill he Ihe study mothers arc purchased from

commercial vendors without information 011their background. Sredlie inforl11i\tion should
be obtained as 10 Ihe lineage of nil females to avoid inclusion of sibling fem;l1es in the same

suh.group. To avoid this and rdated problems \\"C maintain our own colony of non-pregnant

females which are hreci to ddiver the fem;"lIcpups that will he recnlitcd as the mothers in our

studies. All rats nrc maintained on the same laboratory chow unless exposed to an

experimental diet ~4. At delivclY (postnatal day - P1'\D- 0) litters are culled to 10 pups. each
litter containing at least four fcmak pups. This st:lIldardization is importnnt since

progrmnming effects have heen shown in olTspring according to dilTcrellt litter sizes reared
by mothers during lactation 25.

At weaning (P:'\D 21) female olTspring arc randomly assigned to either a control (C) group

fcd normallahoratnry chO\ .•.or to a maternal ohesity group (MO) fed a high.encrgy.

obcsogenic diet containing 23.5% protein, 20% animal lard. 5% fat. 20.2% polysacch;1ride.

20.2%) simple sugars. 5~.'Ofiber. 5% mineral mix. I~';, vitamin mix (w/w), energy 4.9 Kcallg.
Only one female [r('l]11anyone !iller is assigned to any study group. At PND 90. one month

before breeding. half of the obese females arc selected at random for the dietary intervention

(DINT) group and placed back on the C diet for the rcst of the study including pregnancy
and bctatinn. The rcmaining obese females continue nn the high fat diel during pregnancy

and betation. We havc chosen to breed females at 120 days as wc have shown Ih3t at
younger hreeding ages the mothers arc still growing - albeit not as fast as earlier in life - and

offspring outcomcs of key r.1ctOrs such as growth, triglyceridcs and leptin arc aITected by
maternal age as well as the nutritional challenge (unpublished dala). At P:'\O 120 all three
groups C, ~.10and DINT arc bred and feu their pre-pregnancy diet throughout pregnancy
and bctatioll. All mothers deliver by spontanC'(lU5 \'aginal delivery. Day ofdclivery is
considered as post nat.11day 0 :!-t. ~(l(Figure I).

Changes in maternal and offspring phenotypes resulting from MO and DINT

At breeding ~10females were 16% heavier Ihnn controls, equivalent to a pregnant women

increasing her 8MI from 25 (the top of the normal B\H range) to 30.5 (the lower end of the
obese range). DINT femnles were Q percenl heavier than controls (equivalent to [Hdl in the
mid-overweight range) at breeding. ~'laternal serum lertin at the end of lactation was higher
in tv10 than C. Leptin levels in the DINT group were similar to controls ~7.

The effects ofMO and DI:'\T have only bc('n reported il1lllale o[f...•pring 27. No differences

in body \vcight w('re seen hetween pups at hil1h and al ' ••..caning. At weaning ~10offspring

Nutr R/'l. Author manuscripl; availahk' in PMC ~Ol-l OCloocr Ill.
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had morc subcut,lIlCOliS fat tissue, and higher SCnIm triglyccridcs and Icptin than C offspring

- showing dysrcgulat ion of lipid Illclabol ism; pre-pregnancy maternal dietary intervention

prevented these increases ol1-"pring measures. This important finding shows the limitations
of weight alone at any age as an <lsscssmcnt OfOlitCOTllCS. [lady composition is much morc

impor1nnt in predicting future offspring health. SCI1IITI glucose did nol differ bct\\'ccn the
three offspring groups. but offspring serum insulin was cleyalcd in ~.10 and returned 10 C

levels in DINT offspring indicating the presence of insulin resistance in ,\10 offspring 27.

At Pi\D 120, male ~10 of ['pring had elevaled resting serum glucose and insulin and

increased insulin resistance compared with C offspring. Insulin remained elevated in DINT

compared with C offspring while blood glucose did not differ from either of the two other

groups n. It is imp~lrtant to note that illl offspring were on lhe same post-weaning diet. Thus
there ,"'as no opportunity for effects of an increase in offspring dietary intake acting as a

"second hit" on the background of developmental programming that had already occurred.
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STUDIES ON PRE-PREGNANCY EXERCISE INTERVENTION IN THE OBESE

RAT

We have recently completed a stully of eOects of an exercise intervention on Illother and
offspring of obesc and control rats. GCllemlmanagcmcnt of the pregnancics and lactation
\\fere as described above for the dil'lary illlcrvention. ,\t P~D 90, (lIle month before

breeding, one half of the group of C non-pregnant females and 1t,lIfof the \10 female groups

\verc selected at random to continue on their diet <Indbegin wheel-running cxercise (C
exercised - CEx; t\10 exercised - ~\itOEx) (Figure 2). ~vtothers continued to be placed in the

wheel through pregnancy. All females continued onthL'ir respective diets. CEx .lIld MOEx
rats were trained 10 wheel nm on two separate days the week before they reach PND 90. A

training session Ia~ted 15 min which we established was the optimum running schedule that
\'las always completed, follO\'led by a 15 minule rest period and a second 15 minute Tlll1.

Rats were allm,,'cd lwo days rest evcry seven days. IJeforc pregnancy, all rats compleled the

30 minutcs running while during pregnancy rats were placed in Ihe wheel for only one 15
minule session per day and the amount of voluntary exercise completed varied hetween
animals especially in late gcstution. During lactation molhers nursed their pups and did not

exercise. Therefore. lactating mothcrs were mainlnined on their pregnancy diet and not
placed in the wheel.

Changes in maternal phenotype and fertility resulting from maternal exercise prior to and
during pregnancy

Caloric and food intake per day were similar in all four groups and exercise did not affect
caloric or food intake in either group. Exercise had no eflect on maternal weight at :my swge
except for the CEx group in which exercise decreased blldy weight in comparison with Cat
parturition. There wcre no differences between groups in avcmge distance run per session

before pregnancy or in the first 15 days of pregnancy but interestingly MO mts that \'lere
exercised ran further than control rats in the lasl few days of pregnancy. \Ve hypothesize that
this difference was a result of their lower circulaling estrogen levels since a negative
correlation has bc~n shown to exist between estrogen levels and physical activity 2&.

Nlltr Re)'. Author manuscript; availahle in PMC 2014 Oclt)n..'r 10.
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As in lhe DINT study mentioned 3bovc, at the end of lactation maternal insulin, glucose,
1I0:-..,tA. Jeplin, triglyccridcs and cholesterol ".cre all elevated in T\10 mothers. Exercise did

not aller these vnrinblcs in C mothers but prevented the changes in all these variables except
ICplill ill ~'IO.

Effect of maternal obesity and exercise on male offspring metabolism at postnatal day 36

We evaluated otT.~pring outcomes sinc(: the g031 of interventions in f\.IO pregnancy is to
improve both maternal :md offspring outcomes. At offspring PND 36, one male of[<;pring

from each litter (n= R) was chosen at random, fasted for 4 hours <lod cuthanized by
dccapitntion. trunk blood samples obtained and fat dcp0ls cxciscd nnd weighed. Litter size,

litter weight individual pup body weight or sex r~llio at birth was not alrected by either MO

or exercise. In male offspring body weight, cholt:slerol and insulin \vere not different at

P>-:O 36 bCl\,,"ccn the four groups. Maternal obesity incrcased offspring leptin, triglyccrides
and fat mass in malcs. Exercise in MO pn:vented the male offspring ~10 leptin increase and
partially prevented the increased triglyccrides. Maternal excrcise in C reduced n1<1lc

off.spring glucosc and male I IO!'-'1A.The importance of paying allention to lhe phenotype of
study mothers is shown by the interesting observ:llion that mntcrnal exercise decreased

weight and cholesterol in control offspring indicating that cvcn animnls recnlited as controls
may be affected by cxp~rimcntal protocols.

M<lternal voluntary exercise intervention has been previously reported in lean pregnant rms
in t\VOdiffcrent models. Male, but not female, offspring of exercised Illothers show

increased pcrccnt lean mass and decreased fat Illass percent compared to male offspring
from controls, showing that maternal exercise C:lIlaffect offspring 29. JO. These effects on

offspring mdabolic phenotype show simibrities 10 the en~cts with our present study in
control mothers. In another study normal. lean. pregnant rats performed vohll1t~ty
exercise 31. J2 training from 42 days before pregnancy and cOnlinued on 10 day 19 of

gestation with the result th~t m~tcrnal plasma antioxidant status was improved. [loth of these
studies provide important ((;Jta for design of studies in obese mothers.

Comparison of DINT and Exercise models

One of the important differences between the DINT and the exercise intervention model is
the malernal weight. In the DINT model 27 the incrensed m;Jh:rnal body weight of the DINT

group nt breeding \vas pnrtially prevented. and there were 110 differences in maternal hody
weight during pregnancy and lactation between OI:\"T and C. In contrast, m.:lternal exercise
intervention did not modify the maternal hody weight at any stage, The weight of l'vtOEx
mothers \',:as the same as \10 before and during pregnancy as well as during Iactatioll.
HO\\'ever, for both models. mothers undertaking the intervention presented a hetter

metaholic and hormonal matcrnal environmcnt than MO with regards to ofTspring outcomes.

In ~ eOinpletely independent study we compared all groups wilh hoth interventions
(maternal dietary and exercise interventions. Corticosterone was increased ill serum of~'IO
mothers prior to breeding. l,,1aternal DINT nnd exercise intervention before pregnancy
decreased maternal corticosterone concentration but MOEx values \verc not returned to

those in C (Fig 3 A). A similar picture was seen at the end of lactation (Fig J B) and in the

XII'" Nt'I'. Author manll<,cript:avaitahle in PMC 2014 Ocloncr 10.
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neonate and young adult male offspring (Fig 3 C and D). These changes may be protective
mechanisms of future metabolic problems in the offspring by MO.

Both nKltcrnal interventions improved the adverse offspring metabolism outcomes produced
by ~.•.IO. hut the imrrovement was different in the 1'••..0 models. Maternal DINT partially

prevents glucose, insulin, HO~lA. fat and fat cell size. and completely prevents I('ptill

increases offspring by MO. ~:1:ltcrnal exercise intervention partially prevents fat and insulin

and completely glucose. HO~1A and fat cell size increase in offspring by h,IO.
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For both models (ile data indictltc that there were different ch3ngcs in metabolism in various

tissues since no differences in food intake and body w~ight were found in the young adult
offspring. The two intervcntion models appear to benefit offspring metabolism in diverse

ways suggesting dissimilar nwternal mechanisms. Excessive gestational weight gain has

been associated wilh adverse maternal pregnancy outcomes. Catalano Iws clearly indicated

that maternal pre-pregnancy B~H is a major t:1etor in d...:termining maternal and offspring
outcome 33. One import,lIlt finding of the exercise intervention study was th:lt the adverse

offspring outcomes produced hy MO are the rcsult ofmaternalmctabolie changes and/or in
increased matcmal cortic()stef()nc and not due to maternal body \".eight since IvlOEx

prevented many of the rdO offspring outcomes olTspring \vithout any change in matcmal
caloric intake or body \veight. This finding again shows that outcomes arc more related to

body composition rather than body weight. The ovenvhclming evidence in favOf of tile

importance of body composition clearly indicates that the most successful intCTvcntions will
at least contain a componcnt of intervention prior to pregnancy. Addition of interventions

during pregnancy will further build on Ihe intCTventions prior to pregnancy.

In our report of effccts of mil terna I dictary intervention on on"spring outcomes in the setting

of obesity we wrote: "There i".a need to determine optimal timing, natllre and ('xtent (if
inteITentions. We JrO\'£,taken th£' viell' - as others lravc done - that III(! optimal lime for

recuperatioll would be prior ro pregIWII(:l' and have sOllght 10 del'elot' a mode! 10s!loU' Ihe
abili~\' and extel/1 of the simple".t (!f i1l1£'rl'cnliolls, reducing global intake, to produce

beneficial results, ... The al'Gilahle ('\'idcncc indicates Ihat l\'0/l1{'11do nol s[Joulal/collsly
alter their dielm:\' paf1erl1S 11hen Illey disco\'£'r they arc pregnant 34. /11IC" 'cmit ms in
p"£'gnml(~\', as in any olhCl"m(~io,. healtlt area, ,h£'rc/ore /lccd to he based OIl./;,.m,
I"eproducihle scicllt{/;c (Tit!""fu'(' "-:!.7.

Obese '!,'omen contemplating pregnancy need to be provided willt finn information as to the
bcnelits lhal accrue from decreasing their B;o..H both before antI during pregnancy for at least
two rcasons. First, they necd to be ,l\••..are of the biological reasons lhat maternal obesity is

harnlful to themselves and their baby in many ways. Secondly Ihey need to be confident that
appropriately lowering their Bt\:l1 and food intake will provide signilicant henefit to
thcmscl\"cs and their children.

Influence of interventions on offspring Aging

:Vlatcrnallo\\' prolcin diets accclerate aging in rat ofispring 35, \Vc h,wc shown increased
adiposity index, Icptin, and triglycerides (TG) in male OFF orr-vlO mothers in young adult
life (postnatal dayl 10) 27 with no changes in body weight. However by 650 days ~IO results

A'lfIr RI!~'.Author manuscript; a\ail:lh1c in Pf\IC -:!.O I.j Octohcr 10.
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in a morc rapid aging of some metabolic indices sHeh as hody weight (Figure 4, 5 and 6), fat

and adiposity index. increases which \\lcrc prevented by maternal dietary and exercise
intervention (Figurc.4).

One good example ofpositi\'c feMmes of programming is seen in the offspring ofCEx

mothers ' ••..hich. at this carly stage of aging (PND 650). had a betlcf metabolic phenotype
than the rest of the groups, incillding the control group.

STUDIES ON DIETARY INTERVENTION IN OBESE PREGNANT SHEEP

As discussed in our carlier revicw of developmental programming ("Animal Studies that

Rc\'c;ll rvlcchani:-.ms of Progr.ullllling of Offspring Outcomes of ~:latcrnal Obesity", there arc

differences bel\\'l:cn pregnancy in altricial, polytocous mammals such as thc rat, and

precocial, monotocous species such as humans. shecp and nonhuman primates. The pregnant
sheep has been extensively investig<ltcd to dctcnllinc the impacts of <kcreased matcl11al

nutrition but fe\ver studies have heen conducted on effects of maternal overnutrition/obesity
on fetuses and offspring in this important, pn:cocial. experimental species 3(j~4. Although

there mc differences in some ealKlbilities - locomotion for example - both sheep and

pn::gnant women produce well-developed. precocial offspring. exhibit similar ncwborn to

maternal weight ratios. and temporal pattern of fClaltisslle and organ development. FUl1hcr,
investigators worldwide have lltili7ed the fetal sheep as a hiollledicalmodclto design studies

on human pregnancy stich as fetal behavior. heart rale and sleep states 45-4R.

Our studies on Ihe impact of maternal overnutrition/obesity in the ewe on fetal growth and

development and offspring hcahh arc conduded \,,'ith animals from a well-characterized.
closed flock at the Center for the Study ofFelal Programming. University of Wyoming.

E\ves ofsimibr, size and breeding arc maintained in the source nock developed from lambs
born within the flock whose mothers were fed National Research Council (N'RC) feed

requirements throughout pregnancy and lactation. The e\vc lambs arc then maintained on the
same diet and are used as the mothers in all studiC's and arc housed logelher and fed only to

>-:RC requirements from \veaning to maturity. This managemcnt policy provides assurance
that animals have not been exposed to highly variable environmenls prior to any

investigation and thus limits the chance of markedly different environmental (epigenetic)
influences on study results. and other intlllences stich as sibships \••..ithin groups.

We have developed and characterizcd a model of maternal overnutrition/obesity U\'IO)
where ewcs arc fed a highly palatable pellcted diet at 150% of rcquirelllcnts from 60 days

before conception through pregnancy. On this dict. ewes become obese by the time they arc
bred and continue to gain additional weight throughout pregnancy ,lilt! fetuses sho\v a
definitive cndophenotype 36.39.43.. 1.1.4Q,50. Overweight ;;mdobesity at conception in

prcgn:ll1t women has been shown 10 havc thc greatest impact on increasing adiposity of
infants at birth. leading to insulin rcsistance and cxhibit ohesity in latcr life. In our model of

diet-induced ~10.Iambs arc horn with increased adiposity. and by 19 months of age they
exhibit hyperphagia. glucose and insulin dysregulation and increased adiposity compared to
otT"pring of ewes fed only to requirements 38. Previous studies in our laboratory
demonstrated that maternalundernulrition (50% global undernutrition) starting at day 2R of

NU'I'Rt:'I'. Alllhor manuscript; available in PMC :!014 O.;tohcr 10.
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gestation rcsuhcd in delivery of olTspring ",:ho exhihited metabolic tiislUrbanccs (i.c. they

were hyperphagic, insulin resistant. and were obese) as adults 51. We therefore hypothesized
that a dietary intervention in which the obcsogcnic diel is reduced from 150% to 100% of

NRC requirements (},-.10intervention, :-'101)beginning on (by 28 of gestation would be carly
enough 10 at lenst in part prevent lhe negative impncts of malcrn~" overnutrition/obesity on
the felus ,md resulting off.-;pring. Further. day 28 in the sheep is equivalent to -day 50 in

hlllll<ln pregnancy. \,-hich is about the lime when women conlirm they arc pregnant and early

enough for their ohstetrician to provide overweight/obese \vomen with a corrective dietary
regimen if deemed necessary.

MOl eliminated MO-indllced fetal macrosomia at mid-gestation, and either reduced (right
ventricular weight, liver weight) or preventcd MO-indlleed increases in orgnn weight (left

ventricular \veight, total kidney \,,'eight, pancreatic \veight. and total perirenal fat weight). At

day 135, while felal weight \••'as similar between CON. ~'IO and ;"101 fetuses. r,,10 fetuses

cxhibitcd greater left ventricular weights and thicknesses. right \'cntricular thickncsses, totnl
kidney weight, and total perirenal fat, and reduccd pancrcatie weight thnn CO:'\' fetuses.

Weights <lnd thiekl1~sses of these organs and tissues were returned to CON levels in the ;\'101

fetuses. The data provide the first indicntion that nltcrations in fetnl organ and tissue growth
as well as endocrine changcs (sec below) ean at least in part, be prevented hy early
pregnancy ~....IOI in the face of maternal obesity.

To date we havc only c\'aiuntcd the cortisol changes in the .\101 model in order to observe
any simiinrities with our findings in the ohese mt model described ahovc (Fig 3). MO

increased both maternal and fetal cortisol al O.9G and this inCl"cnsc was prevented by !'dOI nt

both ages. Similar results wcrc obtained at O.C)G. Interestingly, while the maternal increases
in cortisol were accompanied by increased ACTH. this was not so in the felUs where cortisol

but not ACTII, was increased above CON in :\'10 at both ages. We hypothesize two possible
mechanisms for this finding. First. r-.'IO may change adrcnal sensitivity to ACTH. The

second hypothesis is th"t much of the fetal cortisol in the selling of maternnl obesity is
produced in peripheral fC:laltissucs by increased activity of II nHSD I, converting inactive

cortisone to active cortisol. We have shown that the II BIISD I system is up-regulated in
fetnl female perirenal fat and fetal male liver in the setting of maternal under-nutrition

suppor1ing a potential role for increased II BSD I activity in response to maternal dietary
challenges 52. hnportantly, it remains to be seen 10 whnt extent inhibition of the increase in

fetal cortisol will prevent ndvcrse side effects of.'vIO on offspring. These Ilndings illustrate
clearly the vnlue of the combining studies in precocial and altricial species. We arc currently
evnluating COi':, f\.10 and t\101 offspring to dctermine whether reducing maternal nutrition
to reeolllmended Icvels in early pregnancy of overnourished.'obcsc ewcs prevents endocrine
and metabolic disturbances in offspring in adult life.
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How do we get the message of the need for interventions to the general public? Lessons
from the anti-smoking campaign

Improved wOlllen's health nnd especially the institution ofeffccli\'e corrective measures is

vitally important to obtain the optimal ohstetric outeomcs in the face of the current epidemic
ofohesity in womcn ofreproduclive years. There may be lessons that can bc learned from

'\'lIf,. Rei'. Aulhor m:muscripf; rl\ailahlc in l'T\tC ~014 ()clohcr 10.
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the success in the developed worM in decreasing Ihe incidence of smoking. The anti-

smoking c~ll1paign has met with considerable SlIC(,C'SS in the developed world at least. This

success suggests that evell the sirongest or compulsive hehaviors can be modified when

finn. incontrovertible infonnation on benefit is provided. It has taken over 50 years since Sir
Richard flradford Doll demonstrated the connection between cigarette smoking and lung
cancer 53. Changing this ~clr.dcSlnlctivc behavior has laken dccildes but the decrease in

smoking has saved thousands of lives. One oflhc 1110s1persuasive pieces of scientific
evidence in the antismoking camp~:tign was the demonstration in that \vhile smoking from

e:lrly adult life tripled mortality ratc-s, giving up smoking at age 50 halvcd thc risk and
stopping at age 30 r~mo\'cd virtually all the risk. !luman stlldi~s indicatc that maternal pre-

prcgnancy llMJ in women is a major determinant of adversc off.<;pring metabolic outcomcs

resulting frol1ll11aternal obcsity 5.'. The pamllcl between smoking and the adverse effects of

:-'10 would he the suggestion from the evidence given here that life-style adjustmcllt oflifc-

style aimed 3t rcducing obesity would have the potential to avoid the maternal nntl offspring
hazards.
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OVERALL CONCLUSIONS

There are epidcmiological studies that sI1O\,,'n that oncc a WOJlwn knows is pregnant, she
docs not modify her life style )". Clc3rly the carlier the intervention the better the outcome.

As the important 10M rcport and rcviews by several clinical and basic science Icaders

indica(c that studies such as those rcponed herc arc essential to the detennination of
mechanistic tmgcts in the mother to develop predictive and clinical (ools in human

prcgnancy 55. Othcr potential interventions remain to be investigatcd to pcnnit evidel1ce-

based c11Jnges in cliniealmanagelllcni. These inclLld~ supplcmentcd diets with
polyunsaturated fatly acids or anti-oxidants. Different intervcntions to improvc outcomes

may act through diffcrent mechanisms. Ifso, a combination ofapproaehcs may IC~HIto cven
beuel' results for th:: mother and the offspring.
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ORIGINAL ARTICLE

Maternal obesity and overnutrition increase oxidative stress in
male rat offspring reproductive system and decrease fertility
GL Rodriguez-Gonzalez', CC Vega', L Boeck', M VazCluez', CJ Bautista" LA Reyes-Castro\ 0 Saldana', 0 Lovera', PW Nathanielsz2

and E Zambrano I

PURPOSE: Increasing evidence exists that maternal obesity (MO) and overnutrition during pregnancy and lactation have long-
lasting consequences for progeny metabolism, cardiovascular and endocrine function. Data on effects of MO on offspring
reproduction are limited. We hypothesized that MO during pregnancy and lactation in founder Fo rat mothers would increase
testicular and sperm oxidative stress (OS) and adversely impact male fertility in their F, offspring.
METHODS: We induced pre-pregnancy MO by feeding Fo females a high-fat diet from weaning through pregnancy and lactation.
After weaning, all F1 rats ate control (C) diet. We determined serum testosterone, malondialdehyde (MoA), reactive oxygen species
(ROS) and superoxide dismutase (SOD) and glutathione peroxidase (GPx) activity in F, testes and sperm at postnatal days (PNDs)
110, 450 and 650.
RESULTS: At PNDs 450 and 650, MO offspring had lower luteinizing hormone while testosterone levels were lower at all ages.
Testicular MDA and ROS concentrations and SOD and GPx activity were higher in MO F, at all ages. Nitrotyrosine immunostaining
was higher at all ages in MO Fl testes than C Fl' At PNDs 450 and 650, MO Fl spermatozoa showed higher MDA concentrations and
lower SOD and GPx activity with reduced sperm concentration. viability and motility, and more sperm abnormalities. Fertility rate
was not affected at PND 110 but was lower in MO F, at PNDs 450 and 650.
CONCLUSIONS: We conclude that MO during pregnancy and lactation increases F1 testicular and sperm OS leading to premature
aging of reproductive capacity.

International Journal of Obesity advance online publication, 20 January 2015; doi:l0.1038/ijo.2014.209

INTRODUCTION
The worldwide prevalence of obesity has risen markedly over the
past few decades. an increase also reflected in women of
reproductive age.1,l Adverse environments in utero including
both maternal under- or overnutrition may disturb the process of
cell proliferation and differentiation leading to changes in
organogenesis and developmental progrilmming. TIle resultant
changes in phenotype can enhance susceptibility to diseases in
adult offspring3;1 such as type 2 diabetes,'> hypertension,6
obesity7,s and alterations in reproductive function.9.lo Male rat
offspring of mothers that were protein restricted during preg-
nancy are overweight and have increased serum triglycerides,
insulin and leptin, as well as a lower sperm count and decreased
fertility.lO-12 At the other extreme, in humans7,13 and experimental
animal models, offspring of obese mothersH's are obese and
exhibit metabolic changes as well as alterations in anxiety,
associative learning and motivation.I(;.17

The recent growth of interest in maternal obesity (MO) and
developmental programming has generally focused on complica-
tions in the cardiovascular system, especially hypertension and
predisposition to metabolic dysfunction, mainly obesity and
diabetes. In contrast, programming of offspring reproductive
capacity by MO is not well documented. In rats, female offspring
of mothers who fed a high-fat diet during pregnancy and lactation
enter puberty earlier,ls have higher serum leptin and insulin
levels,19 and an increased incidence of prolonged or persistent

estrus, which may affect reproductive function.20 In humans, MO is
related to earlier timing of pubertal milestones in male offspring.2l

Increased maternal body mass index is associated with decreased
inhibin B in serum of male offspring.u

In recent years, obesity and male infertility have increased in
parallel.2l Studies in humans24.2s and in animals26.27 have shown
that obese males have lower sperm quality and that their sperm
have more morphological defects, more DNA damage and
increased oxidative stress (OS). The causes of male infertility are
multifactorial but among these causes, OS is involved in normal
and accelerated age-related male infertility.28 However, a cor-
relation between MO and male offspring infertility associated with
as during active reprodlJctive life and aging has not been
established. We hypothesized that MO before and during
pregnancy increases OS in offspring testes and sperm, which
then leads to premature aging of offspring reproductive function.
We evaluated the relationship between MO during pregnancy and
OS, as well as reproductive performance of their male offspring.

METHODS
Standardization of females used to produce the mothers (Fo) in
this study
Female albino WiStM rats were born and maintained in the animal facility
of the Instituto Nacional de Ciencias Medicas y Nutrici6n Salvador Zubiran,
Mexico City, Mexico accredited by the Association for Assessment and
Accreditation of laboratory Animal Care International. Rats were

lReproductive Biology Department, Instituto Nacional de Ciencias Medicas y Nuuicion Salv•.u1or Zubirtin, Mexico City, Mexico and lDepartment of Obstetrics. Center for
Pregnancy and Newborn Research,University of Texas Health SciC'nceCenter S;m Antonio. ~n Amonio, TX. USA. Correspondence: Dr E Zambrano, Reproductive Biology
Department, Instituto Naciooal de Ciencias ME-dicasy Nutrici6n Salvador Zubirtin. Vasco de Quiroga 15, Colonia Secci6n XVI.nalpan c.P. 14000, Mexico City. Mexico.
E-mail: zamgon@unam.mx
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maintained under controlled lights (lights on from 0700 to 1900 hours at
22-23 "C) and fed normal laboratory chow (Zeigler Rodent nQ22-5,
Gardner, PA, USA) containing 22.0% protein, 5.0% fat, 31.0% polysacchar-
ide, 31.0% simple sugars, 4.0% fiber, 6.0% minerals and 1.0% vit<lmins (wI
w), energy 4.0 kcatg -1. At age between 16 and 17 weeks, when they
weighed between 200 and 240 g, females were bred to randomly assigned,
non-litter mate, proven male breeders. At delivery on day 0, litters that
provided Founder Generation (Fo)mothers were culled to 10 pups, each
containing at least four females. At weaning (day 21). one female Fo pup
from each litter was randomly assigned to either a control (C;n = 6) group
fed laboratory chow or to a MO group (MO; n = 6) fed a high energy,
obesogenk diet containing 23.5% protein, 20.0% animal Iilrd, 5.0% fat,
20.2% polysaccharide, 20.2% simple sugars, 5.0% fiber, 5.0% mineral mix,
1.0%vitamin mix (w/wl, energy 4.9 kcal g - 1.Thus, each fo group had only
one female from any litter, and Fo females in different groups, but not
w:thin groups, were sisters, providing homogeneity in Fo mothers' own
developmental programming and genetics.

F, offspring
Fo female rats were placed with proven male breeders on day 120 and
conceived during the next cycle. Lactating mothers were milintained on
their pregnancy diet. liner size and pup weight were recorded at birth.
Ano-genital distance was measured to identify males end females." litters
with> 14 pups were excluded. To ensure F1 (first generation) offspring
homogeneity, on postnetal day (PND) 2 all liners studied were adjusted (Q

10 pups with equal numbers of males and females wherever possible.
Offspring were weaned at PNO 21, housed five per cage and fed chow diet
throughout the study. Only male offspring were used for the study. At
PNDs 110, 450 and 650, after 6 h of fasting, male rats were decapitated
using a rodent guillotine (Thomas Scientific, Swedesboro, NJ, USA) by
trained personnel experienced in the procedure. F, males evaluated at the
three ages were siblings. Fl males were decapitated bet\••.een 1200 and
1400 hours. For each age group, trunk blood was collected and serum was
separated. Both testes were dissected, cleaned from surrounding fat and
weighed. One testis was frozen and stored at - 70 "C until analyzed. The
second testis was fixed in 4% paraformaldehyde and was paraffin
embedded. The sternal, rancreiHic, retroperitoneal and gonadal fat pads
were dissected and weighed individually. At the three PND studied, the
cauda epididymis and vas deferens were rapidly removed and placed in
saline at 37 "C Sperm wete removed by clearing the vas deferens with
tweezers and chopping the cauda epididymis with scissors.

Tissue and sample preparation
Testes were homogenized in saline at 4 "C and aliquors were obtained and
frozen at - 70eC (or later protein quanti(lCation using the Bradford method
and for determination of biomarkers of OS (reactive oxygen species (nOS)
and antioxidant enzymes). Lipid peroxidation was determined at the time
of testicular homogenization and sperm release. All determinations were
performed in duplicate and were averaged for statistical analysis.
Sperm aliquots containing 5 x 106 and 10 x 106 spermatozoa underwent

six thermill shock cycles from - 70 to 45 "C, sonicated for 2 min with six
intervals of 20 s each, and were then placed in ice and stored frozen at
- 70 "C until quantified for antioxidant enzymes.

Hormone measurements
Serum foUicle stimulating hormone (F5H) and luteinizing hormone (LH)
levels were determined by double antibody radioimmunoassay using
standard and specific anti-rat lH antibodies from the National Institute of
Diabetes, Digestive Kidney Diseases. FSH and LH were iodinated by the
chloramine-T method, following separation of protein-bound and free
[1251] by Sephadex G-loo. Results are expressed as N1DDK-rat-FSH-RP2and
NIDDK-rat-LH-RP3.The intra- and interassay coefficients of variation were
< 4 and < 7.9 and < 5.1 and < 6.5, respectively.lo
Serum testosterone was determined using a commercial rat kit, DPC

Coat-a-Count (TKTI1) obtained from Diagnostic Products (Los Angeles,
CA, USA). The intra-and inter assay variability were < 8.17 and < 8.83,
respectively.'°

lipid peroxidation assay
Lipid peroxidation was determined the same day on which testes were
homogenized and sperm were obtained. Aliquots containing 5 million
sperm were adjusted with saline to 100 ~l at room temperature without
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thermal shock or sonication. lipid peroxidation was determined in 100~I
aliquots of either homogenized testes or 5 x 106 sperm by measuring
malondialdehyde (MDA) by the thiobarbituric acid-reactive substancesassay.
All samples were read in a plate at 532 nm in a Perkin-Elmer LS5()'B
luminescence spectrometer (Waltham, MA, USA).Resultswere expressed as
nmol MDA per mg of protein15or nmol MDA per 5 million sperm?9lntra- and
interassay coefficients of variation were < 6% and < 8%, respectively.

ROS assay
Five microliters of homogenized testes were used to determine ROS.
A standard CUNe was obtained using increasing concentrations of 2',7'-
dichlorofluorescein (Dro and incubated in parallel with the samples (37 "C for
60 min). At the end of the incubation period, fluorescent signals at an
excitation wavelength of 488 nm and an emission wavelength of 525 nm
were recorded in a Perkin-ElmerLS5()'Bluminescence spectrometer. Results
were expressed as nmol of DFCformed per mg of protein per minute.1S,l9

Superoxide dismutase activity
Superoxide dismutase (SOD)activity was determined in 10 IJI aliquots of
homogenized testes or sperm with a RANSOD kit (RANDOX laboratories
limited, Crumlin, Co Antrim, UK).A standard CUNewas obtained according
to the manufacturer's instructions. All samrles were read in a plate at
505 nm in a Perkin-Elmer LS50-Bluminescence spectrometer at 0 and 30 s
and 3 min at 37~c.Results were expressed as units of activity per mg of
proteinlS units of activity per 5 million sperm.29

Glutathione peroxidase activity
Glutathione peroxidase (GPx) activity was determined in 10~I aliquot of
homOt)enized testes or sperm with the RANSELkit (RANDOXLaboratories
limited, UK). All samples were read in a plate at 304 nm in a Perkin-Elmer
LS50-B luminescence spectrometer at baseline 1, 2 and 3 min at 37"C
Resultswere expressed asmilliunits per mg of protein1s or milliunits per 10
million sperm.]9

Nitrotyrosine histology
Paraffin sections (5 ~m) of the testis were immunostained with affinity-
purified mouse monoclonal antibody anti-nitrotyrosine MAB5404
(Millipore, Billerica, MA, USA) at 1:200 using an ABC elite kit (Vector
laboratories, Burlingame, CA, USA)and visualized using 2.5% nickel sulfate
with 0.02% chromogen in 0.175 M sodium acetate.15

Histological evaluation of the testes
Tissuewas mounted on slides with the tubules cut transversally to evaluate
seminiferous tubule diameter and area and number of spermatogonia and
spermatocytes. From one tissue section, at least 30-40 transverse
seminiferous tubules per animal were photographed at x 40 with an
Olymrus OX51 light microscope (Melville, NY, USA) using image analysis
software (lm,'ge-Pro Plus Version 3.1, Media Cybernetics, Inc., Rockville,
MD, USA).Spermatogonia and spermatocytes were counted according to
their hematoxylin and E'Osinstaining (spermatogonia stained purple and
spermatocytes pink) using ,} digital counter. The seminiferous tubule
diameter and area (pm]) were measured by planimetry (AxioVision Rei.4.0
USA,Media Cybernetics, Inc.) in 40-S0 transverse !.eminiferolls tubules per
animal that were photographed at x 10.30.31All histological measurements
were p€'rformed by two independent observers and results were averaged.

Sperm measurements
Sperm viability was assessedby mixing 10 ml of saline (0.90% wlv of Na(1)
containing spermatozoa with 10ml of eosin. Live spermatozoa were
identified by membrane integrity th,'lt prevented staining with eosin. Dead
sperm were easily identified after staining as previously described,z9 Two
hundred sperm were counted under a light microscope. Results were
expressed as the percentage of live cells. Sperm concentration and motility
were eVilluated with a computerized sperm analyzer (Sperm Quality
Analyzer)_For sperm morphology, 10 IJIof sample was taken smeared and
stained using a quick staining kit for sperm morphology (FertiMexico SA
de CV, Mexico City, Mexico). Abnormal sperm morphology was classified
as defects in the sperm head, midriece or tail. Head defects included large,
small, tapered, pyriform, round and amorrhous heads, heads with a small
acrosomal area and double heads. Midpiece defects included bent neck,
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asymmetrical insertion of the mid piece into the head, a thick or irrf:'gular
midpiece and an abnormally thin mid piece. Tail defects included short,
multiple, hairpin, broken or bent tails, tails of irregular width and coiled
tails. For analysis of sperm abnormalities, 200 sperm were counted under
light microscope at x 40.

Evaluation of fertility rate
At PNDs 110, 450 and 650, one experimental male was placed for 1 week
with two nonexperimental group virgin females aged 4 months. Males
were then separated from the females who were kept individually until day
15 of gestation.29 The male was considered fertile when at least one of the
two females became pregnant. Resuitswere expressed as the percentages
of fertile males and pregnant females.

Statistical analysis
All data are presented as mean:t s.e.m.,n = 5-6 per group from different
litter. We evaluated the differences between groups at the same age and
within the same groups at different ages. Data were analyzed using two-
way multiple analysis of variance followed by Holm-Sidak test. Fertility rate
was analyzed using a i-test. P < 0.05 was considered significant.

RESULTS
Offspring (F,) body, testicular, epididymal fat and total fat weight

At PNO 110, group body weights were similar, but at PNOs 450 and
650 MO F1 were heavier than C pups (Figure 1a). Testicular weight
was not different between F, C and MO at any age (Figure 1b). In
contrast, gonadal and total fat were both higher in F1 MO at PNDs
110 and 450 than those from the C (Figures 1c and d). Body weight
and gonadal fat increased at PNO 450 compared with to PND 110 in
both groups; total fat in both groups did not change with age.
Testicular weight did not change with age (Figure 1).

F, hormone concentrations
F, FSH serum levels were similar between groups at alt ages
(Figure 2a), whereas LH serum levels at PNOs 450 and 650 were
lower in MO offspring compared with C offspring (Figure 2b).
Testosterone serum levels were lower in MO F1 pups than C at all
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ages (Figure 2c). When hormone concentrations were analyzed
within the same groups at different ages, FSH did not change with
age in both groups, whereas LH and testosterone serum levels
were decreased at PNDs 450 and 650 (Figure 2).

F1 testicular as biomarkers
MDA and ROS concentrations were higher at all ages in the testes
of F1 MO (Figures 3a and b) as were the antioxidant enzymes sao
and GPx (Figures 3c and d). When OS biomarkers were analyzed
within groups at different ages MOA concentration, SOD and GPx
activity did not change owing to the age, while the increase in
ROS levels in the MO were much higher at PNO 650 in comparison
with PNDs 110 and 650 (Figure 3). At all ages, testes of F1 MO
demonstrated higher nitrotyrosine immune reactivity than C
(Figure 4a). No differences were observed by age (Figure 4a).

F, testicular histology
At all ages, the seminiferous tubule area (Figure 4b) as well as the
number of spermatogonia per transversal tubule (Figure 4c) were
lower in F1 MO compared with C offspring. In F1 MO males, the
number of spermatocytes per transversal tubule was lower than C
offspring at PNDs 110 and 650 (PND 110: C: 155 I Sa, MO:
120 I Sao: PND 450: c: nOb I 8, MO: 115 I 13a; PND 650: Co
131 I4b, MO: 6H 4bO). In both C and MO offsprings, the
seminiferous tubule area did not change with age (Figure 4b),
but spermatogonia (Figure 4c) and spermatocyte number
per seminiferous tubule decreased with age in both groups.

F, sperm OS biomarkers

At PNDs 450 and 650, MDA levels were higher and SOD and GPx
activity lower in sperm of F1 MO compared with F1 C. (Figures Sa-c).
While age increased MDA and decreased GPx activity, the changes
occurred earlier. PND 450, in F1 MO compared with C (SA and C).
SOD decreased with age in MO but not in the F, C (Figure 5b).
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F, sperm parameters
Sperm viability, motility, concentration and morphology at PND
110 were similar in the two groups. However, at PNDs 450 and
650, all three measures were decreased in F, MO compared with C
(Figures Sd-f). The percentage of normal sperm was reduced in
the F1 MO compared with F, C at PND 450 (Figures 6a and b).

F, fertility rate
Fertility rate expressed as fertile males and the number of females
successfully bred was similar in both groups at PND 110. At PND
450, the percentage of pregnant females was lower in the F1 MO
than in C (Figure 6d). At PND 650, the percentage of fertile males
and pregnant females was lower in the F, MO than in C (Figures 6c
and d). Both evaluations of fertility decreased with age in MO
offspring but was unchanged in C offspring (Figures 6c and d).

DISCUSSION
Epidemiological]2 and animal studies 14,]] have shown that MO
during gestation is an important determinant of offspring body
weight. In several previous studies, we have reported that F1

males from Fa obese mothers exhibit increased body weight, fat,
adiposity index, serum triglycerides, leptin, insulin as welt as

insulin resistance.'4.,s.]4 This occurs even when the F1 males from
Fo obese mothers are fed the normal C laboratory diet. In the
present study, the MO F, were heavier than C and hild more
gonadal and total fat accumulation, demonstrating the consis-
tency of the model. Abdominal obesity is not only associated with
metabolic abnormalities]') but also with a decline in testosterone
levels that becomes more pronounced with aging.]6 Testosterone
production depends on normal function of the hypothalamic-
pituitary-gonadal axis.]7 Obesity decreases LH concentration.]8 In
the present study, LH and testosterone serum levels were
decreased in the male MO Fl. However, the decline was much
more pronounced as they aged. This may be owing to a primary
and/or a secondary testicular failure as suggested by other
authors39 additional to damage caused by OS resulting from the
imbalance between the production of R05 and the antioxidant
enzymes responsible for their removal.40

Obesity per se has been associated with as and high levels of
ROS.4' Prenatal hypoxia, maternal under- or overnutrition and
overexposure to glucocorticoids can lead to 05.42.43 In previous
studies, we reported that MO increased Fa maternal insulin,
glucose, homeostasis model assessment, leptin, triglycerides,
cholesterol and retroperitoneal fat, and also that the maternal
liver showed increased MDA and ROS concentrations and SOD
and GPx activity.'s In addition, several studies have shown that
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MO is associated with altered levels of plasma interleukin-6 and
10,44augmented as in maternal oocytes before pregnancy4S and
in the placenta, all of which may have harmful effects on the
embryos and fetuses.46

Studies in experimental animals support the hypothesis that OS
in the offspring induces programmed phenotypes.4l.47 Maternal
protein restridion in the rat increases pancreatic OS and impairs
offspring pancreatic antioxidant enzyme function.48 At the other
extreme, MO in the rat negatively affects female offspring
reproductive function.18.49

Testicular OS appears to be a common feature of the male
infertility that results from decreased spermatogenesis and sperm
damage.50 In the present study, we found that OS was increased
(MDA and AOS) in the MO F1 testes from the MO. Oxidative
damage can also be caused by an increase in reactive nitrogen
species (ANSl, which have also been implicated in producing
testicular dysfunction and abnormal semen.s1 Nitrotyrosine is a
product of tyrosine nitration and is an indicator of cell damage.52

We observed that the testes from the MO offspring showed higher
nitrotyrosine immunoreactivity. To maintain physiological levels of
AOS and ANS, all tissues including reproductive tissues possess
different antioxidant enzymes that work in synergy to reduce
cytotoxic effects of free radicals.53 Our data show increased
activity of SOD and GPx in the MO F1 testes accompanied by
increased production of markers of OS. We interpret these
findings as showing compensation by antioxidant systems that
was, however, inadequate to prevent the rise in OS. This
dysregulation in the redox balance can have potentially harmful
effects on germ cells and sperm.S4 Aging is characterized by a
progressive decline in cellular fundion owing to the accumulation
of AOS,which eventually will lead to the dysfunction and failure of
physiological functions.55

lipoperoxidation and its products (such as MDA) are toxic to
germ cells damaging proteins and DNA and increasing
apoptosis?8.56 All these can affect the process of spermatogenesis
that transforms spermatogonia to spermactocytes, spermatids and
spermatozoa.57 Our histological analysis demonstrated that MO
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decreases offspring spermatogonia and spermatocyte numbers, a
potential cause of the observed reduction in sperm concentration.
Sperm are especially susceptible to ROS because they lack
cytoplasmic antioxidant enzymes and have high levels of
membrane polyunsaturated fatty acids.58 OS in sperm can
increase DNA damage and apoptosis and affect sperm Quality;40
the latter can be used as an index of fertility.57 In this context, we
found that sperm from MO offspring had increased OS and
decreased sperm Quality and fertility. Evidence indicates that
obesity can directly negatively impact male fertility59 through
different mechanisms such as decreased sex hormone
secretion,24_60hyperinsulinemia or dlle to the direct action of
leptin on testicular function.60 We propose that in addition to
these direct effects of obesity, the observed changes in MO F,
offspring are al50 due to developmental programming by the
challenge of MO to the F, during their development. Further
studies will be needed to determine the role played by each of
these mechanisms. What our study does establish, for the first
time, is that there are F1 negative reproductive outcomes
consequent on MO.
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INSTITUTO NACIONAL DE
CIENCIAS MEDICAS
Y NUTRICI6N
SALVADOR ZUBIRAN

Ciudad de Mexico a 26 de abril de 2017

Dra. Norma Bobadilla Sandoval
Coordinadora de la Comisi6n de la Investigaci6n en Animales
Presente.

A continuaci6n, encontrara el informe final del CINVA 271. En el 2015, se concluy6
con la parte experimental relacionada a la caracterizaci6n fenotipica y metab61ica
de las mad res controles, obesas y las obesas intervenidas nutricionalmente un
mes antes del embarazo. Se analizaron los efectos en las crias al nacimiento, al
destete, alrededor de la pubertad y en edad adulta joven. Los resultados
mostraron que las crias de madres obesas (al igual que sus mad res), presentan
danos metab6licos, hormonales y aumento en el dano oxidativo, 10cual repercute
negativamente en terminos no s610 metab6licos sino de memoria y aprendizaje,
asi como en el desarrollo sexual y la funci6n reproductiva. Las crias de mad res
obesas, intervenidas nutricionalmente un mes antes del embarazo, no presentaron
tantos danos metab6licos. La intervenci6n materna logr6 prevenir por completo y
en algunos casos parcialmente los danos debidos a la obesidad materna. A pesar
de que el proyecto unicamente planteaba los efectos metab61icos a nivel de
glucosa e insulina, el estudio pudo extenderse a la cuantificaci6n de otros
sistemas afectados. Los resultados obtenidossirvieron para la tituiaci6n de
alumnos a nivel Iicenciatura y para la publicaci6n de articulos en revistas
indezadas.

Tesis:

Carlos Ibanez Chavez (2011)Grado: Licenciatura
Obesidad materna de la rata y predisposici6n de la progenie a alteraciones
metab6licas: ventajas de la intervenci6n nutricional.

Avenida Vasco de
Quiroga No.15
Colonia Belisario
Dominguez Secci6n XVI
Oelegacton Tlalpan
C6rligo Postal 14080
MexIco Distrlto Federal
1 52 54870900
\' nfllrlLn
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Adriana Ramirez Rodriguez (2013)Grado: Licenciatura
Intervenci6n nutricional en la obesidad materna de la rata: beneficios en la
conducta y aprendizaje de la progenie (machos)

Laura Nalleli Garrido Castillo (2013)Grado: Licenciatura
La obesidad materna de la rata tiene impacto negativo sobre el aprendizaje y
motivaci6n de la cria hembra

Articulos:

Dietary intervention prior to pregnancy reverses metabolic programming in
male offspring of obese rats.Zambrano E, Martinez-Samayoa PM, Rodriguez-
Gonzalez GL, Nathanielsz PW.J Physiol. 2010 May 15;588(Pt 10):1791-9.
doi:10.1113/jphysioI.2010.190033. Epub 2010 Mar 29.

Maternal obesity in the rat programs male offspring exploratory, learning and
motivation behavior: prevention by dietary intervention pre-gestation or in
gestation.Rodriguez JS, Rodriguez-Gonzalez GL, Reyes-Castro LA, Ibanez C,
Ramirez A, Chavira R, Larrea F, Nathanielsz PW, Zambrano E.lnt J Dev Neurosci.
2012 Apr;30(2):75-81. doi: 10.1016/j.ijdevneu.2011.12.012. Epub 2012 Jan 5.

Interventions designed to prevent adverse programming outcomes resulting
from exposure to maternal obesity during development .Nathanielsz PW, Ford
SP, Long NM, Vega CC, Reyes-Castro LA, Zambrano E.Nutr Rev. 2013 Oct;71
Suppl1 :S78-87. doi: 10.1111/nure.12062. Review.

Avenida Vasco de
Quiroga NO.15
Colonia Belisario
Dominguez Seccion XVI
Delegacion Tlalpan
Codigo Postal 14080
Mex(o, Distnto FederClI
Te 5 '>487090"
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Maternal obesity and overnutrition increase oxidative stress in male rat
offspring reproductive system and decrease fertility. Rodriguez-Gonzalez GL,
Vega CC, Boeck L, Vazquez M, Bautista CJ, Reyes-Castro LA, Saldana 0, Lovera
D, Nathanielsz PW, Zambrano E.lnt JObes (Lond). 2015 Apr;39(4):549-56. doi:
10.1038/ijo.2014.209. Epub 2014 Dec 15.

Sin mas por el momento, aprovecho la oportunidad para enviarle un cordial
saludo.

A v t' n d 1 \ a '> cod ('
Quirog<t No 15
Colonid Belisario
Dc mingu 'l Sec CIon XVI
0<.:1 gaCI)'1 T alpan
l (ligc. 0 al14080

0,0, tr to F"der I
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INSTITUTO NACIONAL DE
CIENCIAS MEDICAS
Y NUTRICION
SALVADOR ZUBIRAN

Ciudad de Mexico a 26 de abril de 2017

Ora. Norma Bobadilla Sandoval
Coordinadora de la Comisi6n de la Investigaci6n en Animales
Presente.

Estimada Ora. Bobadilla

Por este conducto me permito solicitar el cierre del protocolo "Efectos de la
obesidad materna de la rata sobre el metabolismo de las crias" can numero
de registro CINVA: 271, en el 2012 se solicit6 la extensi6n del mismo y el cambia
de nombre a"lntervencion nutricional en la obesidad materna de la rata:
beneficio en el metabolismo de las crias" debido a que fue financiado par
CONACyT con el numero de proyecto 155166. EI proyecto antes mencionado
concluy6 en el 2015.

Sin otro particular par ei momenta, quedo de usted.

Atentamente

Ora. Ele b no Gonzalez
Investiga or en Ciencias Medicas F

Biologia de la Reproducci6n

Avenida Vasco de
Quiroga No.15
Colonia Belisario
Dommguez 5ecci6n XVI
Dt>legilci6n Tlalpan
Codlgo Postal 14080
Mf.'xi(( Dlstrlto f-ederal
T I. S 870900
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INSTITUTO NACIONAL DE 
CIENCIAS MÉDICAS 
Y NUTRICIÓN 
SAlVADOR ZUBIRÁN 

México , D.F. a 10 de Febrero de 2016 

Dra. Elena Zambrano González 
Depto. Biología de la Reproducción 
Presente 

Estimada Dra . Zambrano: 

Por este conducto me permito sol icitar el cierre del Protocolo: "INTERVENCIÓN 
NUTRICIONAL EN LA OBESIDAD MATERNA DE LA RATA: BENEFICIO EN EL 
METABOLISMO DE LAS CRÍAS.", con reg istro CINVA 271., debido a que el 
periodo de realización y la prórroga correspond iente autorizada por la CINVA ha 
concluido. Favor de llenar el formato de cierre del p·otocolo que se anexa a la 
presente. De no recibir el formato de su parte en el plazo de 30 días , el protocolo 
se dará por cerrado . t-Jc.u.c e,V\· o t ~-l ,.(..(..i-r--c.. 

fi~. 
e e ~1}., Sin otro particular por el momento, quedo de usted. Y • ~ 

1 ) l 

.J 1 ... ,t, 1 1-L;:I) 
,1,1p e" Diotr1to Fec/e•al 
re/ (52)54870900 

Nww 1ncmnsz mx 

Atentamente , G INS . NACIONAL DE CIE" 
MEDICAS y nCIAS 

"<; \L V NUTRICIÓN 
_, ADO R ZUBCRÁN" 

, a 1& 
DIRECCióN DE 

~Q_N 
Coord inadora de la Comisión de Investigación en Animales 

e e p Dr. Gerardo Gamba Aya!a, Director de Investigación 
l'vlVZ IV!anela Contreras Escami/la Jefa del DIEB 

NAB/nom 

• .)fliUIUI íU.1u. 1-1~ .. l.ll ~3 
IVIFOI('AC: V UTRICIÓN 



Mexico, D.F., a 02 de marzo del 2012

DRA. ELENA ZAMBRANO GONZALEZ

INVESTIGADORA EN CIENCIAS MEDICAS E

DEPARTAMENTO DE BIOLOGfA DE LA REPRODUCCI6N

Estimada Dra. Zambrano,

En respuesta a su atenta comunicacion referente a extender la vigencia del proyecto de

investigacion: Efecto de la obesidad materna de 1arata sobre el metabolismo de las crias con

Registro CINVA: 271.

Con base en la informacion proporcionada, Ie informo que no existe inconveniente para

extender la vigencia del proyecto hasta el 30 de diciembre del 2015 como usted 10 solicita.

Por otra parte, en referencia a su solicitud de cambiar el nombre registrado ante CINVA de

este proyecto por el de: "Intervencion nutricional en la obesidad materna de la rata:

beneficio en el metabolismo de las crias" ante la necesidad de cambiarlo para poder acceder a

los fondos otorgados por CONACyT bajo el numero de proyecto: 155166. Le informo que es

procedente su solicitud y debe realizar los tramites correspondientes ante la Direccion de

Investigacion y el Departamento de Control de Fondos Especiales para Investigacion (CFEI).

Sin otro particular y en espera de contar con su valioso apoyo, me despido de usted con un

afectuoso saludo.

M.V.Z, MY., Cert. L.A.M. RAFAEl HERN DEZGONZALEZ
COORDINADOR DE LA COMI516N DE INVESTIGACI6N EN ANIMALE5

/
C.C.p. Dr. Ruben lisker Y. Director de Investigacion

c.P. Martha Arredondo Urzua. Jefe del Departamento C.F.E.1.

R96bO
(C) l~U ~~L

5~3~/e..



Mexico, D.F., a 02 de marzo del 2012
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ORA. ELENA ZAMBRANO GON2P.LE2

INVE5TIGADORA EN CIENCIA5 MEDlCA5 E

DEPARTAMENTO DE BIOLOGfA DE LA REPRODUCCION

Estimada Ora. Zambrano,

En respuesta a su atenta comunicacion referente a extender la vigencia del proyecto de

investigacion: Efecto de la obesidad materna de la rata sobre el metabolismo de las crias con

Registro CINVA: 271.

Con base en la informacion proporcionada, Ie informo que no existe inconveniente para

extender la vigencia del proyecto hasta el 30 de diciembre del 2015 como usted 10solicita.

Por otra parte, en referencia a su solicitud de cambiar el nombre registrado ante CINVA de

este proyecto por el de: "Intervencion nutricional en la obesidad materna de la rata:

beneficio en el metabolismo de las crfas" ante la necesidad de cambiarlo para poder acceder a

los fondos otorgados por CONACyT bajo el numero de proyecto: 155166. Le informo que es

procedente su solicitud y debe realizar los tramites correspondientes ante la Direccion de

Investigacion y el Departamento de Control de Fondos Especiales para Investigacion (CFEI).

Sin otro particular y en espera de contar con su valioso apoyo, me despido de usted con un

afectuoso saludo.

ATENT ENTE

M.V.Z, M.S., Cert. L.A.M. RAFAELHERN DEZGONZALEZ

R DE LA COMI510N DE INVE5TIGACION EN ANIMALE5

Invesligaci6n

Tradici6n Servicio

Asislencia Docencia

20007700

C.C.p. Or, Ruben UskerY. Director de Investigaci6n • Vasco de Quiroga 15.
c.p, Martha Arredondo Urzua. Jefe del Departamento C.F.E.1.

• Delegaci6n Tlalpan

• C. P. 14000 Mexico, D. F.

• Tel. 54.87.09.00
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Mexico, D.F. a 02 de Marzo del2012

M. Sc Rafael Hernandez Gonzalez
Jefe del Depto. Investigacion Experimental y Bioterio y
Coordinador de la Comision de Investigacion en Animales

Mediante la presente me permlto informarle que el pasado 28 de Julio del 2009, la Comisi6n de
Investigaci6n en Animales (CINVA) me notlfic6 la aprobaci6n del proyecto "Efeetos de la obesidad
materna de la rata sobre el metabolismo de las erias" con numero de registro CINVA: 271. Cabe
mencionar que este proyecto fue sometido al CONACyT para su posible financiamiento bajo el siguiente
titulo: "/nterveneion nutrieional en la obesidad materna de la rata: benefieio en el metabolismo de
las erias". Afortunadamente la propuesta fue aprobada y apoyada con el numero de proyeeto 155166
de la convocatoria de Investigaci6n Cientifica Basica 2010 - 2012 (CB-2010-01). Por tal motivo someto a
su consideraci6n la posibilidad de cambiar en la carta del CINVA el titulo anterior por el correspondiente
proyecto aprobado por el CONACyT con el fin de cubrir los requisltos para el dep6sito y disposici6n de
los recursos financieros del mismo. Asi mismo me perm ito informarle que me encuentro realizando los
tramltes necesarios para extender dicho proyecto el cual esta proximo a veneer

Como se puede observar en los documentos adjuntos, el proyecto aprobado por el CONACyT representa
al proyecto aprobado previamente por el CINVA

Agradeciendo la atencion que Ie sirva dar a la presente, me despido de usted enviandole un cordial
saludo

Atentamente

Ora. E ena lambr no Gonzalez
Investigadora en Ciencias Medicas E

Biologia de la Reproduccion
Ext 2417

ccp. Dr. Ruben Lisker Y, Director de Investigaci6n
Inves69FciMfrtha Arredondo Urzua, Jefe del Departamento CF.E.I

Tradicion

Asistencia

Servicio

Docencia

20007700

• Vasco de Quiroga 15,

• Delegacion T1alpan

• C. P.14000Mexico, D. F.

• Tel. 54.87.09.00



Mexico, D.F. a 02 de Marzo del2012

M. Sc Rafael Hernandez Gonzalez
Jefe del Deplo. Investigacian Experimental y 8ioterio y
Coordinador de la Com is ion de Invest/gacian en Animales (CINVA)

Me fue nolificado que el proyeclo •Efectos de la obesidad materna de la rata sobre el metabolismo
de las crias" con numero de regislro CINVA: 271 esta par vencer en el mes de julio del presenle ario.
Cabe mencionar que dicho proyecto fue sometido al CONACyT para su posible financiamiento y
afortunadamente la propuesla fue aprobada y apoyada con el numero de proyecto 155166 de la
convocatoria de Invesligaci6n Cientifica 8asica 2010 - 2012 (C8-2010-01). Por lal motivo Ie solicilo a
usted de la manera mas alenta la pr6rroga para la extensi6n del proyecto hasta el ario 2015, solicilando
para el mismo 280 ratas de la cepa Wislar por ario.

Como se puede observar en los documentos adjuntos, el proyeclo regislrado ante la CINVA ha generado
la publicaci6n de articulos en revistas arbitradas asi como la presenlaci6n en congresos nacionales e
internacionales.

Agradeciendo la alenci6n que Ie sirva dar a la presente, me despido de usted enviandole un cordial
saludo.

Atentamente

Dra. Elen m ranolGonzalez
Investigadora en Ciencias Medicas E

8iologia de la Reproducci6n
Ext. 2417

Tradicion

Asistencia

Investigacion

Servicio

Docencia

20007700

• Vasco de Quiroga 15,

• Delegacion Tlalpan

• C. p, 14000 Mexico, D. F.

• Tel. 54.87.09.00



Febrero 27, 2012

Claudia Janet Bautista Carbajal
Investigador en Ciencias Medicas "B"
Departamento de Biologia de 1aReproducci6n
Presente.

Con referencia al proyecto de investigaci6n: "Efectos de la Obesidad
Materna de la Rata Sobre el Metabolismo de las Crias".

Registro CINVA: 271

Le informo que este proyecto fue aprobado el 28 de julio de 2009 y sigue
vigente.

MVZ., M. Sc ert. L.A.M. Rafael Hernandez Gonzalez
Coordin or del Comite de Investigaci6n en Animales

ccp. Ora. Elena Zambrano Gonzalez. Departamento de Bio1ogia de 1a
Reproducci6n

Tradici6n Servicio

Asistencia

Investigaci6n

Docencia

20007700

o Vasco de Quiroga 15,

o Delegaci6n Tlalpan

o C. P. 14000 Mexico, D. F.

o Tel. 54.87.09.00



14 de febrero del 2012

ORA. ELENA ZAMBRANO GONzALEZ
DEPARTAMENTO DE BIOLOGIA DE LA REPRODUCCION
PRESENTE

Estimada Ora. Zambrano.

Por este conducto Ie informo que el proyecto activo que lIeva por nombre: Efectos
de la Obesidad Materna de la Rata Sobre el Metabolismo de las Crias con
registro CINVA 271 finaliza el mes de julio del alio en curso. Le solicito de la
manera mas atenta me haga saber si el proyecto requerira una prorroga. En caso
afirmativo Ie solicitare envie a la CINVA la justificaci6n correspondiente.

Sin otro particular por el momento.

Tradici6n

Asistencia

Dr. Rafael Hernandez Gonzalez
Coordinador de la CINVA

Investigaci6n

Servicio

Docencia

20007700

• Vasco de Quiroga 15,

• Delegaci6n T1alpan

• C. P. 14000Mexico, D.F.

• Tel. 54.87.09.00
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28 de Julio, 2009

Dra. Elena Zambrano Gonzalez
Departamento de Biologia de la Reproducci6n
Presente,

En referencia con el proyecto de investigaci6n: "Efectos de la Obesidad
Materna de la Rata Sobre el Metabolismo de las Crias".

Registro CINV A: 271

El Comitc de Investigaci6n en Animales ha revisado su respuesta a las
observaciones emitidas por este Comitc y decidi6 APROBARLO,

~ AGO z009

DIRECCION DE
INVEST/GAC/ON

/'
MVZ.-;M. Sc. Rafael Hernandez GonzaIez

Coordinador del Comite de Investigaci6n en Anima
,-"
(~'-r61
:.L U '1'-Vl. G et,.!',A-

'Lf ..L1-<. CI ..,() t::,/ ~ j)U "-<. •• 1? u.

ccp, Dr. Rubon Lisker Y, Director de Investigacion
MVZ" M,en C, Octavia Villanueva Sanchez, Secretario CINV A
Dr. Patricio Santillan Doherty, Comito de lnvestigacion en Animales,
Dr. Gerardo Gamba Ayala, Comito de Investigacion en Animales,
MVZ, M,enc' Ma,de la Luz Streber L Comito de Investigacion en Animales
MVZ, Griselda Salmeron Estrada, Comito de lnvestigacion en Animales,
Ora, Nimbe Torres y Torres, Comito de Investigacion en Animales,

Tradicion

Asistencia

Investigacion

Servicio

Docencia

20007700

,
• Vasco de Quiroga 15,

• Delegacion T1alpan

• C, p, 14000 Mexico, D, F,

• Tel. 54.87.09.00
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Ciudad de Mexico a 21 de junio de 2017

Ora. Norma 801. adilla Sandoval
Coordinadora de la Comisi6n de la Invesligaci6n en Animales
Presenle.

En respuesla a las observaciones plasmadas al proyeclo lilulado "Efeclo de la
obesidad malerna de la rata sobre el melabolismo de las crias" can numero de
CINVA 271, nos permilimos conleslar a los seiialamienlos plasmados.

1. Explicar c6mo se delermina el lamaiio de mueslra.

EI calculo se realiza seglin 10 reportado on la ILAR J 2002; 43:207-13. Para
asegurar un 95% de probabilidad de generar obesidad, se plantea que 0170%
(0.7) de los animales no presentan obesidad.

2. La aneslesia con €ller debe de ser profunda.

Gracias por la observacian. Se inc/uira en el procedimiento.

3. No se mencinna el numero de mueslras que se lomaran del plexo orbilario.

En el escrito se incluya que las muestras de sangre del plexo orbitario se
tomaran a tiempo 0, 30, 60 Y 120 minutos, 10 que dara un total de 4 muestras.

Avenlda Vasco de
Ouiroga No. 15
Colonia Belisario
Dominguez Secci6n XVI
:)elegaclon Tlalpan
Codigo Postal 14080
MexIco, Distrita Federal
Ter 152)54870900
www,lncrnnsz mx



:NSTITUTO NACIONAL OE
CIENCIAS MEOICAS
Y NUTRICI()N
SALVADOR ZUBIRAN

4. Mencionar el volumen de medicamento que sera administrado

En el escrito se inc/uyo qLle cI volLimen del medicamento qLle se
administrara estara en fLincion del peso de la rata.

5. Se recomienda utilizar ei termino estirpe para describir a la rata Wistar ya que
no es una cepa (strain).

Gracias por la observacion. Se cambia el termino cepar por estirpe.

6. En la descripci6n de las condiciones ambientales no se menciona los
parametros de humedad.

La hLimedad relativa sera del 75-80%. Esta informacion ya fLie inc/Llida en el
escrito.

7. EI uso de lavado vaginal para la observaci6n de espermatozoides puede
producir pseudogestaci6n e infecciones vaginales que disminuyen la fertilidad,
(.Por que no utilizar, la presencia del tap6n vaginal como indicador del dia uno?

Este es LinpLinto importante, sin embargo, con base a nLiestra experiencia, el
tapon vaginal no siempre es visible par 10 cLlal seria dificil establecer el dia
en qLle inicio la gestacion. La presencia de los espermatozoides se realizara
mediante frotis vaginal que es un metoda menas invasivo.

Avenlda Vasco de
Quiroga No. 15
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8. Mencionar que se utilizan dietas semipurificadas y dietas comerciales para
evitar confusi6n con el termino "normal" que se utiliza a veces como control.
Describir que es "dieta chow de bioterio". Aparentemente esa dieta no existe en el
DIES.

Se cambio eJ :-'!rmino "normal" por cJietaspurificadas. AI decir "dieta chow
de bioterio" nos referimos a la dieta comerciaJ, lamentamos la confusion.
Esto ya fue corregido.

9. Se recomienda utilizar el termino cientifico gestante en lugar del lenguaje
coloquial prenada.

La palabra prenada fue sustituida por gestante.

10. Eliminar la frase en "en caso de ser menor 0 mayor a 14. los animales seran
excluidos del experimento". Ya que se presta a confusi6n.

Se elimino la frase.

11. EI procedimiento de desecho de los animales en bolsas amarillas para
incineraci6n es innecesario ya que representa Lin eleva do costo para la institLlci6n
y los animales no son inoculados con agentes infecciosos, radioactivos 0 t6xicos
para la salud humana y de otros animales. Se sugiere usar bolsas de basura
municipal (transparentes) para los procedimientos que se indican.

Agradecemos 'a observacion. Se cambio en el texto que las ratas ser{m
desechadas en bolsas para basura municipal.

Avenlda Vasco de
Quiroga No 15
Colonia Belisaflo
Dominguez Secci6n XVI
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12. Susliluir el lermino "carcasas" por cadaveres 0 canales.
En el punlo 14. no se proporciona evidencia de que los esludianles eslen
capacilados para hacer lodos los procedimienlos descrilos (cruzamienlo, lavado
vaginal, oblenci6n de sangre, eulanasia, elc.).

Carcasa se define como el conjunto integro, sin descuartizar la carne y
huesos con el vaciado de sus visceras u organos internos toraxicos y
abdominales. Por 10que consideramos que el termino carcasa en el presente
proyecto es bien utilizado.
Con respecto al punto 14. Nuestro grLJPOde trabajo cuenta con personal
entrenado para realizar los procedimientos descritos y ellos son quienes se
encargan de capacitar a los alumnos de nuevo ingreso, tambi€!/l cuando es
posible los alumnos son enviados a alglin curso de manejo de animales. Los
estudiantes tllJllca realizan ninglin procedimiento sin previa capacitacion.

13. En los obje~ivos mencionan que van a medir SREBP-1, PPARg, FAS, CPT, en
higado y PPARg en lejido adiposo y no mencionan que van a medir el gen de la
insulina. Sin embargo, en la melodologia solo mencionan que van a medir el gen
de la insulina par Northerblolya que casi no se usa (consultar PCR de liempo real)
y no mencionan como van a medir los olros genes.

Agradecemos la observacion. Estos errores ya fueron corregidos en el
proyecto se menciona que la determinacion de los genes mencionados se
realizara por PCR tiempo real.

Avenlda VdSCO de
Quirogd NO.15
Colonia Belisario
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14. EI requerimiento de grasa para animales en crecimiento y embarazo es del 7%
de aceite de soya (consultar AI N 93) Y no del 5%.

Agradecemos la observaci6n, este cambio ya se incllly6 en la tabla de la
composici6n oe las dietas.

15. EI requerimiento de proteina es del 20% cuando la pureza es >85% (consultar
AIN 93) y no del 23.11 %.

Agradecemos la observaci6n, este cambio ya se inc/lly6 en la tabla de la
composici6n de las dietas.

Atentamente

Avenlda Vasco de
Quiroga No. 15
Colonia Belisano
Dominguez Secci6n XVI
Delegaci6n Tlalpan
C6digo Postal 14080
Mexico. Distrito Federal
Tel. 152)54870900
www incmnsz mx



"2009 Alia de la Refarma liberal"

Mexico D.F., a 16 de julio de 2007
Dra. Elena Zambrano
Departamento Biologia de la Reproduccion

En relacion con la revision de protocolo remitido por usted para su revision por el
Comite de Investigacion en Animales
Registro CINV A 271
"Efectos de la obesidad materna de la rata sobre el metabolismo de las crias"

EI Comite requiere de la siguiente informacion para emitir su dictamen.

Obscrvaciones:
I. Explicar como determina el tamano de muestra.
2. La anestesia con eter debe ser profunda.
3. No se menciona el mJmero de rnuestras que se tomaran del plexo orbitario.
3. Mencionar el volumen de medicamento que sera administrado.
4. Se recomienda utilizar el termino estirpe para describir a la rata \Vistar ya que no es
una cepa (strain).
5. En la descripcion de las condiciones ambientales no menciona los panimetros de
humedad.
6. EI uso de lavado vaginal para la observacion de espermatozoides puede producir
pseudogestacion e infecciones vaginales que diminuyen la fertilidad, ~Porque no
utilizar, la presencia de tapon vaginal como indicador del dia uno?
7. Mencionar que se utilizan dietas semipurificadas y dietas comerciales para evitar
confusion con el termino "normal" que se utiliza a veces como control. Describir que es
dieta "Chow de bioterio". Aparentemente esa dieta no existe en el DIEB.
8. Se recomienda utilizar el termino cientifico rata gestante en Jugar del lenguaje
coloquial prenada.
9. Eliminar la frase: "En casu de ser menor 0 mayor a 14, los animales se senin
excluidos del experimento". Ya que se presta a confusion.

Tradici6n
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10 El procedimiento de desecho de los animales en bolsas amarillas para incineracion
es innecesario ya que representa un elevado costo para institucion y los animales no son
inoculados con agentes infecciosos, radioactivos 0 toxicos para la salud humana y de
otros animales. Se sugiere usar bolsas de basura municipal (transparentes) para los
procedimientos que indican.
II. Sustituir el termino "carcasas" por eadaveres 0 canales.
En el punto 14. No se proporciona evidencia de que los estudiantes esten capacitados
para hacer todos los procedimientos descritos (cruzamiento, lavado vaginal, obtencion
de sangre, eutanasia, etc.).
12. En los objetivos mencionan que van a medir SREBP-I,PPARg, FAS, CPT en
higado y PPARg en tejido adiposo y no mencionan que van a medir el gen de la
insulina. Sin embargo, en la metodologia solo mencionan que van a medir el gen de la
insulina por el metodo de Northern blot que ya que casi no se usa (consultar PCR de
tiempo real) y no mencionan como van a medir los OlrOS genes.
13. El requerirniento de grasa para animales en crecimiento y embarazo es del 7% de
aceite de soya (consultar AIN 93) Y no del 5%
14. EI requerimiento de proteina es del 20% cuando la pureza es >85% (consul tar AIN
93) Y no deI23.11%

Sin otro particular

., M.Sc. Rafael Hernandez Gonzalez
Coordinador del CINY A
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Calocar cursor dcntro del area blanca para lIenar la infonnacion (t--iOutili7aTan.'a,; somhreadas) INo. de rcgistro CINVA: d.7/

1. Titulo del proyecto
,

Heclos de la obesidad materna de la rala sobre el metabolismo de las crias
2. Investigadores
2a. Identificacion
Nombre, finna y adscripci6n de t.:ada uno de los investigadores participantcs. EI investigador principal dcber.i ser un profesional adscrito a la
Instituci6n (medico de base 0 imCSligador) v no un alumna d~ cursa. residentC'. Dasanle. interno. etc.).

INVESTIGADOR Posicion institucional Posicion t:n el proyecto Telefono (e:XL) Correo-E
Dra. Elena Zambrano Invcstigador en Cicncias Invcstigador principal 5554870900 (ext. zamgon@lancta.apc.org
GonzflJt:z ~\,ledicas "E" 2417)
QA. Paola !\'1anincz Estudiantc Apoyo en invt:stigacion 55 5487 09 00 (ext. paolamms1!-yahoo.com
Samavoa 2417)
QFB.Guadalupe Estudiante Apoyo en investigacion 5554870900 (ext. It:tyrodgon',?hotmail.com
Rodrigut:z Gonz;ilcz 2417)

I

2b. Pertinencia del grupo de investigadores con respecto del proyecto
Breycmente d~scriba las caliticaciones del grupo invcstigador con rcspC'Ctodel proceso dc inyestigacion cicntilica en general y con respecto del
proyecto presentado (v.gr.: e.rado academico. experiencia laboral. miembro del sistema de investigadorcs de los INS. del SNI. etc).
Grado academico: Doctorado en Ciencias I3ioI6gicas
~tiembro del SNI: SNI "
Experiencia Iaboral: Labora como investigadora en ciencias medicas del departamento de Biologia de la Reproducci6n del
INCMNSZ desde 1989 hasta la fecha.
3. Instituciones participantes
~ombre y direccion de 130 las institucioncs participantcs y breyc dcscripcion de en que consistira su participacion. Para estudios multiccntricos
anadir los datos del centro coordinador.

4. Patrocinio
-la. Organismos patrocinadores
Nombre, direccion v tclcfono de la 0 la.o;;ore.anizacioncs. instituciones 0 laboratorios oue aoortanin recursos.

-lb. Especificar si los investigadores reciben pago (monetario 0 en cspecie) por su participacion
cspccifica en la investigacion.
En caso afinnativo. describir.

5. Marco teo rico
Explicar dctalladamenle los fundamcntos disponibles ala fecha en los que se basa el estudio que sc propone (sentido biologico, datos de
experimentos en animales 0 en humanos):
a) antecedentcs,
b) definicion del problema.
c) justificaci6n

a) Antecedentes
La desnutrici6n y la malnutrici6n son un problema actual de salud publica. Los cam bios en los patrones de alimentaci6n y de
aClividad fisica han incrementado el desarrollo de obesidad (I). Dentro de los sectores de la poblaci6n afectados por el desarrollo
de obesidad en Mexico, se eneuentran las muieres en edad ioven v reoroductiva v los ninos en edad escolar. En el Drimergruno, la

mailto:zamgon@lancta.apc.org
josefina.zunigal
Cuadro de texto
Articulo 113Fracción I de LFT
AIT eleminado correo electronico
por tratrarse de un dato personal



prevalencia de obesidad ha aumentado de 9 a 32 %, de 1988 al 2006; mientras que en el sector infantil, la prevalencia ha
incrementado de II a 18 %, de 1999 al 2006, de acuerdo a la Encuesta Nacional de Nutricion (2). EI desarrollo de obesidad infantil
pucdc ser resultado. no solo de las condiciones de sedentarismo, estilos de vida y aiimentaci6n, sino tambien de las condiciones
nutricionales y metab61icas de la madre. Esto se debe a que el desarrollo de obesidad materna durante la gestaci6n y la lactancia.
puede ser una condicion de estrcs que predisponga al feto al desarrollo de enferrnedades metabolicas desde la ninez y en mayor
grado, en )a vida adulta (3). Dentro de estos efectos ad versos que la obesidad en el embarazo y lactancia ocasiona en 13 progenie, se
encuentran caractcristicas del sindrome metab6Iico como resistencia a la insulina, aumento de tejido adiposo abdominal e
hipertension (4).
Investigaciones cientificas tanto en humanos como en animales de experimentaci6n, han demostrado que la salud esta intimamente
relacionada con la calidad de vida en las primeras etapas del crecimiento. EI fenotipo del adulto es la suma de los factores
gencticos. asi como de la influencia del ambiente fetal y postnatal. EI ambiente perinatal subOptimo puede programar la
predisposicion para el desarrollo de enferrnedades cronicas. incluyendo la alteracion del metabolismo de hidratos de carbono (5-9).
Los hallazgos realizados en 1986 por el Dr. David Barker de la Universidad de Southampton, Inglaterra. en don de encuentra una
correlaci6n entre el bajo peso al nacimiento y el riesgo a enfennedades coronarias en 13 vida adulta (10) fueron el inicio de varias
estudios epidemiol6gicos encaminados a identificar la relacion que existe entre )3 tall a y peso del neonata con 13 hipertensi6n
arterial. enfennedades cardiovasculares y cerebrovasculares, obesidad, dislipidemias e intolerancia a 13 glucosa (11-13).
La hipotesis de los origenes del desarrollo de la salud y la enferrnedad (DOHaD, por sus siglas en inglis). antes conocida como
"programaci6n del desarrollo", propane que 13 fisiologia y metabolismo fetal y neonatal pueden seT alterados por cambios durante
periodos cdticos del desarrollo, como 13 gestacion y 13 lactancia. Estas alteraciones generan una respuesta fisiol6gica perrnanente en
el feto que se asocia con el desarrollo de enferrnedades en el adulto (14). Estudios con animales de e'perimentacion han utilizado
diferentes rnodelos para evaluar el cfecto de la programaci6n del desarrollo en el metabolismo (15,16). Algunos de estos modelos
son la restricci6n nutricional en la dieta de la madre gestante y durante la lactancia 0 la diabetes gestacional. Se ha demostrado que
el ambiente intrauterino de madres desnutridas durante la gestaci6n predispone a padecer diabetes y obesidad en la vida adulta. La
alteraci6n del desarrollo del pancreas, tejido adiposo, musculo e higado fetales, entre otros. puede tener consecuencias en la
predisposicion de enferrnedades metabolicas a largo plazo.
Sin embargo. actualmente son pocos los estudios que recientemente se han enfocado en los efectos de la programaci6n del
desarrollo por una dieta hipercal6rica, como una dieta materna alta en grasa. El feto metab6licamente programado presenta
modificaciones pennanentes en la estructura y fisiologia de 6rganos, asf como en la expresi6n de genes invo1ucrados en su propio
metabolismo (17). Por 10 que los factores ambientales como la obesidad materna pueden alteran perrnanentemente el metabolismo
de tejidos y sistemas del organismo.
Existen estudios que han reportado los efectos de una dicta hiperlipidica durante la gestaci6n y/o la lactancia en la salud de la
descendencia en edad adulta. En un estudio realizado con babuinos. con dieta materna hiperlipidica durante la gestaci6n. se
demostr6 que el aumento de peso corporal y de concentraciones sericas de trigliceridos en la madre puede relacionarse con el
incremento del crecimiento fetal (18). Esto sugiere que la madre podria presentar alteraciones metabolicas como altas
concentraciones de insulina y leptina, cambios en el perfil lipidico e incremento de tejido adiposo que se relacionen con el
desarrollo de obesidad en las crias (18).
La expansi6n del tejido adiposo involucra tanto la hipertrofia como la hiperplasia de adipocitos. Los estadios tempranos de 1a vida
son periodos muy vulnerablcs y sensibles a factores nutricionales y honnonales, que modulan la multiplicaci6n y difcrenciaci6n de
los precursores de celulas adiposas (19). La desnutrici6n durante la gestaci6n genera hipotrofia de los adipositos (20). mientras que
la sobrealimentaci6n durante la lactancia, asociada con altas actividades de enzimas lipogenicas (21). genera hipertrofia de los
adipocitos.
Por otro lado, el aumento de tejido adiposo genera el incremento de la liberaci6n de acidos grasos Iibres a la circulaci6n (22). La
acumulaci6n de acidos grasos intracelulares en 6rganos no adiposos conocido como lipotoxicidad, es regulado por el metabolismo
de !ipidos el cual a su vez, es controlado por una familia de factores de transcripci6n conocida como PPARs (Proliferator
Peroxisome Activator Receptor), que estan involucrados en la activaci6n de genes involucrados en el transporte y oxidaci6n de
Iipidos (22.23). Uno de estos factores de transcripcion es PPARy (receptor activado por proliferadores de pero,isomas y). el cual se
expresa principal mente en tejido adiposo y controIa el almacenamiento de trigliceridos mediante la diferenciaci6n de adipocitos y la
esteriticaci6n de acidos grasos en los adipocitos maduros, regulando la expresi6n de genes involucrados como la expresi6n de la
enzima sintasa de acid os grasos (FAS)(23). La acumulaci6n de lipidos en tejidos no adiposos esta relacionada con la reducci6n del
contenido de PPARy. Otra isoforrna de los PPARs y que se e'presa principalmente en el higado, es PPARu. Este factor de
transcripci6n juega un papel importante en la oxidaci6n de acidos grasos regulando la expresi6n de genes como la enzima camitin
palmitoil CoA transferasa (CPT) (24). La familia de las SREBPs (Sterol Regulatory Element Binding Protein), forrnada por tres
miembros SREBP-l a, Icy 2, tambien participa en el metabolismo de lipidos. Estos factores de trascripci6n controlan la homeostasis
de !ipidos al activar de manera coordinada. la exprcsi6n de genes involucrados en la gluc6lisis, asi como el mctabolismo de
colestcrol y acidos grasos y el de lipoproteinas (24). Especificamente SREBP-I se une a elementos de respuesta a esteroles de genes
que participan en el metabolismo de Iipidos (24). La participacion de SREBPs y PPARs en el desarrollo de lipOloxicidad del
hfgado. ha comenzado a investigarse y dentro del area de la programaci6n del desarrollo, es necesario e) estudio de mecanismos
moleculares que ayuden a explicar la relaci6n entre Ia calidad de vida prenatal y el riesgo de padecer enfennedades metab61icas en
la vida adulta.



EI desarrollo de obesidad materna, debido al aurnento en el consumo de dietas ricas en Iipidos y carbohidratos, tambien puede
alterar alros panimetros metabolicos en la descendencia como son la distribuci6n de grasa corporal, la funci6n cardiovascular y el
metabolismo de glucosa (25). En este trabajo se plantea 13hip6tesis de que dichas altcraciones tienen su origen en la programaci6n
del balance de energia. 13 cadena se senalizaci6n de insulina, en la expresi6n de factores de transcripcion relacionados con 1a
regulaci6n del melabolismo de Iipidos 0 en la expresi6n de receptores en el hipotalamo involucrados en el control de los centros de
apetito y saciedad, como el receptor OB-Rb de la leptina. horrnona relacionada con el balance energelico y secretada por el tejido
adiposo (26). Se ha demostrado que ralas de experimentacion sobrealirnentadas durante su vida temprana postnatal prescntan un
estado de resistencia a leptina, mediada por la regulaci6n negaliva del receptor hipotalamico OB-Rb (27).

b) Definici6n del problema
EI prop6sito del presente estudio es deterrninar c6mo es que el desarrollo de obesidad en ratas hembras, dado por el con sumo de
dicta hiperlipidica desde el deslete hasta la edad adulto joven y durante el embarazo y la lactancia, programa el metabolismo de
glucosa y !ipidos de sus crias, asi como alteraciones en la ingesta de alimento y desarrollo de adiposidad, de tal fonna que estas
seran mas susceptibles a desarrollar enfenncdades metab61icas en la vida adulta a pesar de haber sido alimentadas nonnalmente
desde cl destete, a diferencia de un grupo de crias de madres control.

Los estudios preliminares realizados con un modelo de obesidad han mostrado aumento de tejido adiposo y aumento en las
concentraciones sericas de trigliceridos en las crias de madrcs alimentadas con dieta hipercal6rica en el periodo perinatal, por 10que
esperamos encontrar alteraciones a nivel bioquimico y molecular en el tejido adiposo, muscular, cerebra y pancreas que pennitan
explicar el mecanismo por el que se desencadenan los efectos metab61icos de la programacion del desarrollo en las cfias.

c) Justificaci6n
Algunos estudios previos realizados con ratas, han demostrado que las modificaciones en el contenido de carbohidratos y de
proteinas materna durante el inicio del embarazo ya sea generado por diabetes. por la administraci6n materna de glucocorticoides,
por la restriccion protefnica materna 0 por la restriccion global de calorias alteran el metabolismo de las crias (28-32). Con respecto
al modelo de ohesidad materna que se plantea en este trabajo. nos proponemos detenninar como es que el fenotipo de Ia rata madre
que presenta obesidad durante la gestaei6n y la laclancia, puede contribuir al desarrollo de obesidad y problemas metab6licos de las
cfias. En este estudio se utili7..ara como modelo animal a la rata. dado que con este se pueden evaluar diferentes etapas del
crecimiemo. desde el destete hasta la vida adulta en corto tiempo y con los resultados obtenidos se espera conocer mccanismos que
expliquen la importancia que puede tener el consumo de dieta hipercal6rica en la programacion del feto.

En el presente estudio se plantca conocer Ia importancia del adecuado ambiente metab6lico durante la vida intrauterina que incide
en la programaci6n desde la vida fetal en diferentes funciones y mecanismos de adaptaci6n durante la vida postnatal. Los resultados
de estc estudio seran importantcs para conocer el impacto de la calidad de vida embrionaria y postnatal sobre la funcionalidad de
sistemas complejos y honnonalmente regulados.

6a. Hip6tesis
Definido como un enunciado com probable acerca de la relacion entre una variable dcpendiente y una variable independiente.
(recordar Que los concenlos de "hioolc~is nula". "hin6tesis allerna" Sl: rclacionan al analisls estadistico oor 10Que KO deben incluirse en eslc rubro)

La obesidad materna programa el metabolismo del feto 10 cual aumenta el riesgo de desarrollar enfennedades metab61icas en la
vida adulta.

6b. Objetivos.
Aaucllos cue sc eSDcran obtencr Duntualmcnte en el estuoio .•.eSDccilicaoos como obietivo gem:ral v obietivos cspecificos

Objetivo general:

Estudiar los efectos de la obesidad materna durante el periodo perinatal de la rata para la programaci6n de enfennedades cronico
degenerativas y su asociacion con des6rdenes metabolicos en las crias de ambos sexos.

Objetivos especificos:

Estudiar a la madre durante el crecimiento y la gestacion para poder esclarecer el ambiente intrauterino metab61ico y endocrino al
que estaran sometidas las crias, Para esto se detenninara el peso corporal, la ingesta de alimentos y el perfil Iipidico de las ratas
madre durante la gestaci6n y la lactancia. as! como la composici6n quimica de la leche al termino de la lactancia.

Evaluar cI regislro de peso corporal y de ingesta de alimento de las crias en diferentes etapas del desarrollo.

Analizar a 13 Icntina v su rcecotor en hiootalamo en las crias neonatas \' su correlaci6n con modificaciones en el aoctito. teiido



adiposo y peso corporal.

Analizar 13concentraci6n serica de lcptina, insulina, glucosa y del perfil lipidico, as! como la cornposici6n corporal de las crias en
diferentes etapas del desarrollo.

Deterrninar la concentracion y nivcl de expresion de los factores de transcripcion SREBP-I y PPARu. asi como de las enzimas FAS
y CPT en higado y PPARy en tejido adiposo. de las crfas en edad adulta.

Comparar las diferencias de genera de los efectos metabOlicos par el impacto de ]a obesidad materna.

7. Mctodologia: Disciio general.
Describir cl diseno gener..ll del estudio y. si es pertinentc. cspccificar los siguientcs puntos:
a) Discno del estudio: dcscribir si e~ aleatorio/no alcatorio. controlado. de cahorte. tipo de cegarnicnto (doblc-cicgo. simple). tipo de comroles
(placebo. mcdicamento activo), periodo de lavado ..
b) Dcscripcion de la maniobra 0 intervene ion
c) Tamano de rnuestra (# de pacientes a incluir; justiticar el ca1culo)
d) \1ccanismo de asignaci6n del tratamicnto (aleatorio/abicrto)
e) Grupos de tratamicnto)'
1) Duraci6n del seguimicnto individual

,\lode/o biolOgico
Se utilizaran ratas hembras albinas de la cepa Wistar recien destetadas. Los animales seran mantenidos en el bioterio del Instituto
Nacional de Ciencias Medicas y Nutricion SZ bajo condiciones controladas de luz-obscuridad (de 7:00 a 19:00 h). asi como de
humedad y temperatura (22-23°C). Todos los procedimientos fueron previamente aprobados por el comite de etica de
experimentacion animal deIINCMNSZ. Cuando las ratas alcancen un peso de 240 '" 20 g Y entre 10 y 12 semanas de edad. senin
apareadas can machos y el dia en el cual se encuentren espermatozoides en la vagina sc designara como el inicio de la gestacion.
Durante los diferentes tiemp05 que dure el experimento, las ratas, tanto las madres como las crias seran pesadas diariamente.

Se utilizanin dos dietas can diferente contenido grasa. Dicta control (C) con 5% de grasa y dieta hipcrlipidica (II) can 25% de
grasa. La dieta hiperlipidica seni compensada en su valor energetico can la adicion de carbohidratos (Tabla I). La dieta utilizada es
la recomendada par ellnstitulO Americana de ~utricion para roedores en las fases de embarazo, lactancia y crecimiento (33).

Tabla 1. Composicion de las dietas experimcntales

Caseia
L-Cistina
Colina
Vitaminas
Minerales
Ce]ulosa
Aceite
Manteca de cerda
Hidratos de carbono

Almidon
Dcxtrosa

DIETA CONTROL
(%)

23.11
0.3
0.165
I
5
5
5

30.21
30.21

4 Kcal/g dieta

DIETA HIPERLIPiDICA
(%)

23.11
0.3
0.165
1
5
5
5

20

20.59
20.59

5 Kcal/g dieta

Las ratas prenadas y lactantes seran pesadas todos los dias durante el embarazo y hasta el destete. Tambien la ingesta de alimento
sera cuantificada todos los dias. Las ratas naceran par parto natural. La distancia ana-genital al nacimiento sera medida can regia
Vernier para la detenninacion del sexo. Nuestros datos (34) indican que las crias hembras a1 nacimiento tienen una distancia ano
genital de 1.67", 0.128 mm (n=29 1 crias de 43 diferentes camadas) y los machos 3.26," 0.22 mm (n=252 crias de 43 camadas). De
tal fonna que 2.5 mOl es mas de 2 SD's de la media de cada grupo. Par tanto, el sexo sera detenninado de acuerdo a la distancia
ana-genital> (machos) a < (hembras) 2.5 mm.
Para asegurar homogencidad en el estudio, camadas de lOa 14 crias seran ajustadas al nacimiento a 10 crias por madre tratando de
mantener una relaci6n de sexo de I: I. En casa de ser menor a 10 0 mayor a 14, los animales seran excluidos del experimento.
Para cad a experimento se utilizanin 50 ratas a prenar par grupo. De acucrdo a nuestra exoeriencia en orovectos anteriores. se estima



que al finalizar el experimento quedara una "n" aproximada de 6 madres par grupo, dado que la tasa de fertilidad de las ratas del
Bioterio del INCMNSZN es del 80% y que se eliminaran animales par tener camadas grandes a pequenas.
Las diferentes dietas experimentales seran administradas a las ratas desde el destete y en el embarazo y Ia Iactancia quedando 2
grupos experimentales:

I) Grupo Control (C). Nutrici6n normal a base de 20% de caseina yean 5 % de grasa a partir del destete y durante el
embarazo y la lactancia.

2) Grupo Hiperlipidico (H). Nutrici6n hiperlipidica a base de 25% de grasa durante a partir del destete y durante el embarazo
y la lactancia.

AI destete tadas las cfias de ambos grupos seran alirnentadas con dicta normal hasta el momento del sacrificio. Es irnportante
resaltar que el consumo de dietas sera a partir del dcstetc y no unicamcnte durante el embarazo 'j/o lactancia. Las crias y la ingesta
de alimento seran pesadas todos los dias hasta el term ina del estudio.

GIWI'OS EXI'ERIMENTALES:

Grupo I. Control (C).

_____ c_r_e_c_im_i_en_l_o 11 EMBARAZO II LACTANCIA 11 C_R_i_A_S _

I

Edad

-110dy1alio
Necropsia

Nulrici6n 20% de
caseina y 5% grasa

21 d
desteste

Nulrici6n
20% caseina
5% de grasa

22 dG

Nulrici6n 20% de caseina y 5% grasa Nulrici6n
20% caseina
5% de grasa>------1--

120 d
apareamienlo

21 d
destesle

Grupo II. lIiperlipidico (H)

Crecimienlo II EMBARAZO II LACTANCIA II CRiAS

Nulrici6n Nulrici6n Nulrici6n 20% de EdadNulrici6n 25% grasa 25% de grasa 25% de grasa caseina y 5% grasa

.{/
I f

21 d 120 d 22 dG 21 d -ll0d yl ano
destesle apareamienlo desleste Necropsia

dG ~ dias gestacionales: d ~ dias.



Ilisefio experimental

Linea de tiempo

~d

Necropsia

'",,,,,
Leptina
Glucosa
Insulin a
Trigliceridos
Colesterol
Composici6n quimica
corporal
Tamano de adipositos

Nutrici6n normal 20%
de caseina

/7
Ingesta de alimento

;}' I
- 90 d

-110d Y 1 ano
1f,

,

,

I
21 d

Desteste
Estudios de
pancreas

Leptina serica y receptor
OB-Rb en hipotalamo de

neonatos

Composici6n quimica corporal y
tamano de adipositos

__ LA_C_T_A_N_C_IA__ I I C_R_I_A_S _

PTG
Trigliceridos
Coleslerol

Peso corporal
Ingesta de alimento

•........,,,,. ' ...., ' .,-J'1tU'~~, ' , .'1

120 d 22 dG
apareamienlo

21 d
Desteste

Crecimienlo II EMBARAZO
------ ------

:\IETODOLociA ESPECiFICA CON RESPECTOAI. MANEJO DE ANIMALES

EI presentc cstudio requiere de la utilizaci6n de ratas hembras de la cepa \Vistar recien destetadas y con un peso aproximado de
60g. Asi mismo se utilizanin ratas machos de la rnisma cepa con fcrtilidad probada para el apareamiento con las hembras.

Nutricion

Se proponen diversos tipos de dietas:
Dieta ChO\\o'de bioterio y agua ad Iimitum para alimentar a las ratas madre de las que se obtendran las ratas destetadas para
conformar los grupos experimentales.
Dietas control e hiperlipidica con diferentes proporciones de grasa (como se indica en la tabla 1, paginas 6 y 7).

Administraci6n de medicamentos

Para la prueba de tolerancia a la glucosa. la rata sera puesta en ayuno durante Ia noche previa. Un gramo/Kg de peso de D-glucosa
sera administrado via intraperitoneal como esta descrito en la pagina 9.

Obtencion de muestras de sangre

Las muestras de sangre se obtendran por punci6n del plexo retro-orbital. EI animal sera anestesiado Iigeramente en una camara de
eter para la realizaci6n de dicho procedimiento. Se utilizara etcr por sus bajos 0 nulos efectos en las concentraciones de honnonas
gonadotr6picas. receptores esteroideos y expresi6n de genes metab61icos (36,37). Posteriormente se sujetara al animal y se colocara
con el t6rax hacia arriba. Se introducira un tubo capilar en el angulo externo del ojo hasta encontrar el seno venoso. La sangre fluira
inmediatamenle por capilaridad hacia el interior del tubo. Se colectaran muestras entre 400 y 600 ~I de sangre. AI linalizar se
limpiara el ojo con un algod6n humedecido con agua esteril y se aplicani una gota de soluci6n de antibi6tico-antimic6tico,



Obtencion de tejidos

EI dia de la necropsia se obtendnin todos los organos del animal y se pesaran, para su normalizacion con respecto al peso corporal.

Eutanasia
Los animales seran sometidos a eutanasia por decapitaci6n sin anestesia previa, utilizando una guillotina para roedores (Thomas
Scientific, EU). La razon por la cual no utilizaremos ningun tipo de anestesico es que en nuestra experiencia (28,33) y la de aIres
(36,38) hemos observado que la previa manipulacion incrementa el grado de estres de la rata, 10cual, ademas de afectar los val ores
de algunas hormanas, como la corticosterona (39), genera mayor sufrimiento al animal.
Cabe aclarar que para evitar estres adicional en los animales a seT sacrificados, el proceso se llevara a cabo en un lugar separado al
resta de las ralas, y entre animal y animal, se lavara la guillotina y los guantes del personal involucrado.
Los restos de los animales seran colocados en las bolsas amarillas (asignadas para residuos peligros biologico infecciosos: RPBI),
posterionnente se congelaran a -20oe (en el deposito de cadaveres de animales para necropsia que el Bioterio del Institute tiene
asignado para tal proposito). Una compania privada contratada por el INCMNSZ se encargara de Ia posterior incineracion de los
animales.

Caracteristicas de los animales, condiciones de alojamiento y maniobras experimentales que requiere eI
ProFcto

Especie Raza.cepa Condici6n ~o. Distribu- Alojamknto Densi ~i ••.el Nivel de Destino Eutanasia
microb. Hembras ci6n dad Biose2.* afectaci6n**

Rata Wistar Ninguna 250 50 c/6 Caja de 4/ Nivell Categoria Eutana Decapita
meses policarbo- eaJa B sia cion

nato de
piso solido

*;..Ji••.el de bioseguridad I. trabajo con agentes quimicos. fisicos 0 biol6gicos que no producen enfermedad y no son un riesgo para la ~lud de
personas sanas y eI media ambientc.

**Niwl de afectaci6n. Categoria B. experimentos que causen mokstia 0 estres minimo (inyecci6n no dolorosa restricci6n de mavimiento.
marcado 0 aretado de orejas).

Ubicacion de los animales: cuarto No, 6 y 9
Lugar de realizacion de los procedimientos Laboratorio y cuarto de procedimientos

Nivel de habilidad y experiencia del personal:
EI personal que trabajara directamente con los anirnales cuenta con la habilidad. entrenamiento y experiencia para realizar las
siguientes maniobras experirnentales que se realizaran en e] proyecto:

• Inmovilizaci6n
• Anestesia
• Toma de sangre
• Eutanasia

8. Metodologia: Criterios de selecci6n
a) Criterios de inclusion (considerar que no participen en otras investiQacionesv anticoncenci6n en caso necesario)
Las ratas prenadas y lactantes seran pesadas todos los dias durante el embarazo y hasta el destete. Tambien la ingesta de alimento
sera cuantifieada todos los dias. Las ralaS naceran por parte natural. La distancia ana-genital al nacimiento sera medida con regIa
Vernier para la determinacion del sexo. Nuestros datos (34) indican que las crias hembras al nacimiento tienen una distancia ano
genital de 1.67'" 0.128 mm (n~291 crias de 43 diferentes camadas) y los machos 3.26'" 0.22 mm (n~252 crias de 43 camadas). De
tal forma que 2.5 mm es mas de 2 SD's de la media de cada grupo. Por tanto, el sexo sera determinado de acuerdo a la distancia
ano-genital > (machos) 0 < (hembras) 2.5 mm.
Para asegurar homogeneidad en el estudio. camadas de 10 a 14 crias seran ajustadas al nacimiento a 10 cnas por madre tratando de
mantener una relacion de sexo de I: I. En caso de ser menor a 10 0 mayor a 14, los animaIes seran excluidos del experimento.
Para cada experimento se utilizaran 50 ratas a prenar por grupo. De acuerdo a nuestra experiencia en proyectos anteriores, se estima
que al finalizar el experimento quedara una "n" aproximada de 6 madres por grupo, dado que la tasa de fertilidad de las ratas del
Bioterio dellNCMNSZN es del 80% y que se eliminaran animales por tener camadas gran des 0 pequenas.

b) Criterios de exclusion



Criterios para dar por terminado el experimento en caso de que los animales presenten signos de sufrimiento

Los animales que en el transcurso del experimento presenten algun tipo de sufrimiento (no generado por el diseno experimental).
seran sometidos a eutanasia. Los criterios son (\\'\\w,ahc.umn.edl1/rar/euthanasia.html):

I. Perdida de peso mayor al 20-25%.
2. Perdida del apetito: completa anorexia por 24 h 0 anorexia parcial (50% della ingesta calorica) durante 3 dias.
3. Debilidad 0 inhabilidad para obtener su alimento y agua.
4. Estado moribundo: sign os de depresion 0 la falta de respuesta a estimulos.
5. Presencia de alguna infeccion.
6. Signos de disfuncion severa de algun organo 0 sistema
7. Presentacion de alguna anonnalidad fisica (tumores).

Para los siguientes procedimientos: maniobras conductuales. modificaciones ambientales. restriccion fisica y ejercicio.
inmunizaciones. inoculacion de agentes biologicos, sustancias peligrosas. radiaciones, trauma, cirugfa. NO APLICA.

c) Criterios de eliminacion (considaar embarazo en caso necesario).

9. Metodologia: Desenlaces y variables
a) Variables/desenlaces principales a medir
b) Variables!desenlaces secundarias a medir
b) Frecuencia de las mediciones.
c) Criterios de exita y [alia en caso nccesario y
d) Estratcgia de analisis estadistico.
Cuando corresponda deben espcciticarse y fundamentarse las tecnicas. aparatos y/o instrumentos que se utilizanin en la medici6n (esto incluye
equipos mecanicos/electr6nicosicihemeticos espccialcs. [onnatos de evaluacion. cuestionarios. tablas de cotejo, etc.). senalando los criterios d~
validez. rcproducibilidad v contrales de calidad Quese ten.e;ande los mismos.

CualltijicacitJn de la ingesta d(' alimento ell las cria.\"a to,'i 110 d de edmf

Se pondran en la misma caja dos ratas del mismo grupo experimental y mismo sexo. La com ida se proveera en fonna de galletas. Se
pesara diariamente tanto la cantidad de com ida que se proporcione cada dia asi como la parte restante despues de 24 horas. La
cantidad de alimento consumido sera promediado entre las dos ratas.
Las crias seran pesadas todos los dfas. Sin embargo. dado que las concentraciones de leptina de la cria adulta se obtendran
alrededor de los 110 dfas de edad, para la obtencion de la correlacion entre las diferentes variables: peso, ingesta de alimento,
contenido de grasa corporal y concentraciones sericas de leptina. se utilizaran los datos obtenidos a los 110 dias de edad.

Composicicill quimica de las cllrcasas

Despues del sacrificio las ratas seran congeladas en pequenas balsas de plastico hasta su anal isis. EI abdomen se abrira y las
v'sceras seran removidas y desechadas. Se pesara el animal. cantidad que sera designada como peso humedo. despues se pondra a
secar la carcasa a 60cC hasta peso constante. EI peso perdido se considerara como cantidad de agua en el cuerpo. La carcasa seca
sera mol ida y se realizaran aHcuotas para la determinacion de la cantidad de grasa por el metodo de Soxhlet (35) y la cantidad de
nitrogeno total (proporcional a la cantidad de proteina) por el metodo de Kjeldahl (35).

Apareamiellto de hemhras

A los 120 dias de edad las hembras alimentadas con dieta control 0 hiperlipidica, seran apareadas con machos (no incluidos
previamente en el estudio). Durante el embarazo todas las hembras seran alimentadas con las dietas experimentales y las ratas
tendran partos naturales. Se obtendra el tamano de la camada y el peso corporal de las crias al nacimiento. La distancia ana-genital
se medira al nacimiento para la determinacion del sexo. Las camadas seran ajustadas a 10 crias/madre manteniendo una relacion de
I: 1 hembras:macho, en 10 posible. AI destete (dia 21) las crias seran divididas por sexo y acomodadas en diferentes cajas par grupo.



I'rueba de to(erallcia a (a g(uco,'ia (I'TG) ell (as 11Il1t/respre/iadas de (a gelleracioll FI

Un experimento aparte sera realizado para el estudio de las PTG de las crias hembras preJ1adas, de tal forma que el estres generado
por las tomas de muestra no afecte en los resultados obtenidos de las crlas.
Una rata hembra de eada camada preJ1ada en dia 17 de gestaci6n, sera puesta en ayuno durante la noche. Un gramo/Kg de peso de
D-Glucosa sera administrado via ip. La sangre sera obtenida pOTpunci6n retro-orbital al tiempo 0, 30, 60 Y 120 min. La sangre sera
colectada en tubos de polietileno y centrifugada. EI sucro obtenido sera almacenado a -20°C hasta el momento de su uso.

Amilisis Bioquimicos

Cualltificacioll de g(ucosa ell sallgre
Las concentraciones de glucosa en suero seran dctenninadas cspectrofotometricamente utilizando el metodo enzimatico de la
hexocinasa (Beckman Coulter, Co Fullenon, CAl.

RadioinlllllllOell,'iayo de Insulilla
Las concentraciones de insulina en suero seran detenninadas por RIA utilizando un estuche comercial de Linco Research INC #Cat
RI-13K.

CualltijicaciiJll de trigliceridos y co(e.',tero(
Las concentraciones de trigliceridos y colesterol en suero se detenninaran enzimaticamente con el autoanalizador Sycnchron CX
(Beckman coulter, Co, Fullerton, CAl.

Radioill11l11ll0ell,'iuyode Leptilla
Las concentraciones de leptina en suero seran detenninadas por RIA utilizando un estuche comercial de Linco Research. Inc #Cat
RL-83K.

Toma de tejidos

De las crlas de ambos gropos experimentales se disecara el tejido adiposo retro-peritoneal, hipotalamo y pancreas para su estudio a
nivel celular y molecular en las diferentes edades requeridas.

Ta11lQl;ode (u.\'celllla.'\ adiposa,\'

Celulas adiposas provenientes de la zona retroperitoneal seran fijadas como 10describe Ethenhon et al. Brevemente, 100 alSO mg
de tejido adiposo retroperitoneal sera conado y lavado a 37'C en 0.15 tvl de NaCI. Los cortes de tejido adiposo seran tijados en
tetr6xido de osmio al 3% en butTer de Colidina-HCI (50 mM, pI! 7.4) por 72-96 h. Las celulas fijadas seran lavadas en NaCI al 0.15
M por 24 h, se eliminara el tejido conectivo incubando en 8 M de urea por 24-48h. EI tamano de las ceJulas sera medido utilizando
un microscopio 6ptico.

!lIl7lullolli,ftoqui11lica del re(:eptor de leptilla (OB-Rh) ell IIipottilal1w

Se realizaran cortes seriados del hipotalamo y seran fijados a 60°C por 20 min. Posterionnente se realizanin lavados seriados con
xyleno, etanol al 100% Y al 95%. Se agregara solucion de peroxidasa end6gena en mctanol/ H102 por 30 minutos. Se incubara con
albumina bovina y se agregara el anticuerpo primario (anti-OB-Rb) por una hora. Como segundo anticuerpo se utilizara suero de
conejo anti-cerdo (DAKO # E0353). posteriormente streptavidina pOT30 minutos (DAKO #P0397) Y al final DAB por 5 minutos.
Las laminillas seran tenidas COil verde de metileno por I minuto y deshidratadas con 95% y 100% de etanol y xileno.

Estudios Celulares)' Moleculares a nivel del pancreas

La cuantificaci6n de la insulina y glucagon, asi como la expresion de sus genes a nivel del pancreas. sera de utilidad para indagar si
las modificaciones en el metabolismo de la glucosa estan mediadas en parte por 1a regulae ion y equilibrio entre estas dos honnonas.

ExtraccMIl de RNA y ami/isis de la expresioll del gell de la illsulilla

EI pancreas sera removido inmediatamente despues del sacrificio de cada animal. EI RNA total sera extraido, utilizando 2 ml de
TRlzol (Gibco BRL). Una vez obtenido, el RNA se euantificara por espectrofotometria.
Un total de 20 ~g de RNA de tejido de cada rata, se separara en geles desnaturalizantes de agarosa al 1% y 2.2 M de formaldehido.
Despues de la electroforesis, el gel sera transferido por capilaridad a una membrana de nitrocelulosa (Gencscreen, NEN Research
Products, Dupon) con SSC lOX (citrato de sodio 150 mM, NaCI 1.5 M) por toda la noche. Las membranas se prehibridaran en 0.2
ml/cm' de la soluci6n A (fomtamida 50%, SDS 0.2%, EDTA 10mM, SSC 2X. fosfato de sodio 120mM, oH 6.8 v 50 u!!lml de



DNA de espenna de salmon) por 24 horas a 42°e. Despues de este tiempo. las membranas seran hibridizadas con un fragmento Pst!
de 360 pares de bases del DNA complementario (DNAc) de la insulina humana. el cual se marcara radiactivamente con "p con el
metoda de "random primer". Las membranas se incubanin en 0.1 ml/cm2 de la soluci6n A, en presencia de la sanda radiactiva, a
42°C durante tada la nache. Dcspues de la hibridizaci6n, las membranas se lavanin en condiciones de alta astringencia . .2 veces a
temperatura ambiente en una solucion de sse 2X y 2 veces a 500e en una solucion de sse 0.1X. SDS 0.1% Y se expondnin a
placas autorradiogrMicas Kodak X-OMAT por 24 horas a -70oe, usando pantallas intensificadoras. Los autoradiogramas se
analizaran en un densit6metro de imagen (Eagle eye II, Stratagene). Las membranas se lavaran y rehibridaran con el DNAc de la
actina como control de expresi6n constitutiva. La cxpresi6n del gen de insulina sera referido como la expresi6n del gen de insulina
sabre la expresi6n del gen constitutivo (actina).

l)roceJomiell1O tiel tejido por /1lf?totlo.\'hi.'IfoMt.:ico.f

Para obtcner el pancreas de los animales de los diferentes grupos considerados, se inyectara a la rata con 300 ~I de pentobarbital
intraperitoneal. Una vez anestesiada se disecara el pancreas y se fijara por inmersion en 10 ml de solucion tria de paraformaldehido
4% en amortiguador de fosfatos 100mM pH 7.4 por 18-20 horas a 4°e. EI pancreas sera tratado por metodos hislOlogicos de rutina.
despues de lavarlo con agua corriente por 2 horas se deshidratara sumergiendolo de manera sucesiva en alcohol etilico a diferentes
concentraciones (25, SO, 60. 75, 80, 90 Y96%) ademas de xileno-etanol absoluto (I: I) Y xileno 100% para despues ser incluido en
parafina. Se realizaran cortes de 5 J.1mde grosor para procesarlos por inmumohistoquimica y TUNEL (terminal nucleotidyl
transferase-mediated dUTP nick end labeling-fluorescein conjugated)

It,ntllllo!liMoqllimica de illSlllillu y glucagoll

Para conocer si el contenido de insulina y glucagon se modifica por efecto de la obesidad materna en los animales de estudio, se
analizani la insulina y glucagon en los cortes de pancreas de los animales de estudio por inmunohistoquimica. Despues de
desparafinar las laminillas y re-hidratarlas en concentraciones crecientes de etanol (25_50,75, I00%), los cortes se incubaran con
suero normal de cabra al 2% por 15 minutos, despues de este tiempo se incubanin can el anticuerpo primario carrespondiente (anti-
insulina 0 anti-glucagon de raton) por 2 horas y despues de lavarlos con PBS 100 mM pH 7.4, los cortes se incubaran con
anticuerpo secundario (anti-IgG de raton) conjugado con rodamina 0 fluoresceina. durante 2h. Las laminillas senin preparadas con
media para fluarescencia y posterionnente seran analizadas par microscopfa de tluorescencia. Se utilizanin al menos 100 islotcs por
pancreas.

Analisis cstadistico

Para la prueba de la tolerancia a la glucosa. el area bajo la curva sera calculada. EI Indice de resistcncia a la insulina sera
determinado con la formula IRI = Glucosa x Insulina I 22.5. Todos los datos seran expresados como la media :i: EE. Se realizara
ANOV A de una via seguido de la prueba de Dunnett para la comparacion entre los grupos y ANOV A de 2 vias para la
dctcrminaci6n de la interaccion entre sexo y grupos experimentales. La correlaci6n entre las diferentes variables (concentraciones
de leptina. ingesta de alimento, grasa y peso corporal) seran calculadas utilizando la Corrclaci6n de Pearson; p~O.05 sera
considerndo como significativo.

10. Ricsgos y beneficios del cstudio
a) !\Iolt:stias gencradas por el estudio (en caso de tomas de sangre. anotar el numero total de punciones. la cantidad de sangre por punci6n y/o
total y la frecuencia de las punciones.)
b) Ricsgos potencialcs (presencia de complicadoncs 0 cfeetos adversos. eonsiderar interacciones medicamentosas. considerar efectos psicol6gieos
de los mctodos de evaluaci6n. \'.gr.: encuestas sobrc tcmas sensibles),
c) ~-lCtodos de deleeei6n de los riesgos anticipados.
d) \ledidas de seguridad para el diagn6stico oportuno y prevenci6n de los riesgos ..
e) Proccdimientos a seguir para resolver los riesgos en caso de que se presentcn.
f) Ucnclicios directos esperados.
g) Oeneficios indircctos esperados.
h) Pondcldci6n general de riesQ:oscontra beneticios del cstudio propuesto.

11. Costos
a) Especificar costas (directoslindirectas. monetarios, en tiempo de panieipaci6n. visitas/traslados) que la investigaci6n genere para los sujetos
del estudio.
b} Definici6n sobre quienes de los particioantes (dcourtamentos. instituciones. etc.) va a cubrir dichos costos.
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13. Aplicacion del principio de las 3 "Rs"
EI principio de las tres crres: Rccmplazo, Rcducci6n ~' Rcfinamiento propuesto por Russell y Hurchs (The Principles of
Humane Experimental Technique~ \V.M.S. Russell and R.L.Burch, 1959) es ampliamcnte reconocido a nivel intcrnacional
como el lineamiento etico que rige la investigacion con animalcs y forma parte de la mayor parte de las legislaciones.
regulaciones)' normati\'idades referentes al uso de animales de laboratorio. La l"Oj\'1-062.Z00-1999 que rige en Mexico el
uso de los animaIes tam bien 10 incorpora.

Se entiende par Reemphlzo: uqueJla.'i accione~' que prO/IWel-'ell la slistitucitJll del 11.\0lie allimu/es "'ivos ell /a illl'e~tigacitJll
bitmll!dica por 11u!todoslllter/llJ.'f. siempre que esto .'iellpO.'iihle.
Se enfiende por Reduccion: lIlfueJla.\' acciones que prOnllll!I-'ell la dismillllcioll ell la clllltidad de allima/e.\ utilizQilo.\" ell Ull
experimellliJ hasta elllh'e/ e.\tr;ctll1llellte lIecesurio para obteul!r re.'ill/tados l'dlido.'i J' e.\tmli'iticamellte cOllfiahle,\ ..
Se enticnde por Refinamiento: aqueJla.'i ucciolle.\' que prOmlleVell la dismiflllci()11 0 elimillacitJlI del .'iujrimiellto. ll%r, agollia
illllece,'iQrio.'i de los allima/e.\' ell 1111experimelJto 0 illl'estigllcit)1I hioI1U!dicu.
EI i",'"estigador principal es rC'sponsablc de la aplicacion de csfc principio a las inyestigaciones que realice con animales y se
compromete a re"isar exhausfh:amenfe la literafura actual sobre 13 apticacion de estos principios a su proyecto de
investigacion y el cumplimicnto del mismo por los ejecutorcs del procedimiento experimental. EI in\'estig~ldor debcni
especificar la forma en que idcntificara los ni,"eles de dolor 0 sufrimiento de los animalcs y cspecificara claramente los
puntos de terminacion del estudio 0 apticacion de eutanasia a los animales, de prescntarse dolor extremo 0 sufrimiento
duranfe el estudio. En caso de no cncontrarse los in"esti~adores presentes () no poder localizarles (horario nocturno, fines
de semana. vacaciones, etc.) eI medico veterinario responsable determinara la condici6n mas apropiada para los animales
que se encuenfren en sufrimicnto 0 agonia.
~o sc considera apropiada la condicion de agonia como punfo terminal 0 parte del procedimiento experimental. Se debera
cvitar siempre Que el animal alc.1ncc esta condicion.

14. Declaracion de los investigadores y aplicacion del principio de las tres "erres" a su
proyecto de investigacion
Cooiar to: imnrimir esta dedaracibn en hoia COil mcmbn;tc dd inslituto
Abrir archivo CINVA03 D[CLARACION DE INVESTIGADORESpara IMPRIMIRLA y que sea t;nnada por
todos y cada uno de los participantes en el proyecto prop"esto. Anexar dicha hoja al Fonnato de Evaillaci6n impreso
entregado.

15. Resolucion del Comite
Esta sl."ccion es unicamenh: para conocimienlo de los imestigarlorcs: Los proyectos seran rcv'isaJos por cada uno de los miembros del Comite. La
evaluacion formal y su resolucion :-eran realizadas por el Comitc en sesion plenaria. La discusi6n que se de podra generar Ohservacioncs y/u
Obieciones mismas que rcdundanin cn el Dictamen d cual Dodd. ser Aprobatorio. No Aprobatorio 0 PenJicntc.

15a. Observaciones
Son puntos deleetados en el provceli.>Quegencran duda 0 amerilan aclaraci6n pero Quese considera XO afectan la estructura cientificaletica del mismo.

15b.Objeciones
Son puntos delectados en el pro)"cctoque gcncran duda 0 amerilan aclaraci6n y sc considera que sl afectan la estructura cicntificaletiea del mismo )"ameTitan
cxplicacibn. contestaci6n. ac1araci6n.modificaci6n \'/0 iustificaci6n oara continuar su evaluaci6n v lleaar a una n:soluci6n

http://www.ahc.umn.edu/rar/euthanasia.html
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15c. Dictamen
Aprobado
Se entregaril Carta de Aprobacit;n de Proyeclo el eual procedera a terminar su
registro institucional y podra ser iniciado.
En caso de cxistir Obscn:aciones dcbcran seT contestadas poT el in\'cstigador
principal.

No aprobado
EI proyecto prcscnta Objccioncs ronnalcs de cankler cientifico 0 etico que
impidcn su aprobaci6n. Podr3 seT modificado y ••..uelto a prescnlar mediante una
nueva Solicitud de Re\o'isi6n.

Pendiente 0 en proceso
El Comite no Ilcg6 a un Dictamen definido ya que el proyecto prescnta
Obsen'acioncsiObjccioncs que amenlan explicaci6n, contestaci6n, aclaraci6n.
mooilicaci6n y/o jusllticaci6n para continuar su evaluaci6n y IIcgar a una
resoluci\)n. Sc entregara una carta con las Obscn:aciones/Objeciones y se
continuara 1a evaluacion cn manto sean contestadas.
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EFECTOS DE LA OBESIDAD MATERNA DE LA RATA SOBRE EL
METABOLISMO DE LAS CRIAS

Antecedentes

La desnutrici6n y la malnutrici6n son un problema actual de salud publica. Los
camblos en los patrones de alimentaci6n y de actividad fisica han incrementado el
desarrollo de obesidad (1), un ejemplo de malnutrici6n. Dentro de los sectores de
la poblaci6n afectados por el desarrollo de obesidad en Mexico, se encuentran las
mujeres en edad joven y reproductiva y los ninos en edad escolar. En el primer
grupo, la prevalencia de obesidadha aumentado de 9 a 32 %, de 1988 al 2006;
mientras que en el sector infantil, la prevalencia ha incrementado de 11 a 18 %, de
1999 al 2006, de acuerdo a la Encuesta Nacional de Nutrici6n (2). EI desarrollo de
obesidad infantil puede ser resultado, no solo de las condiciones de sedentarismo,
estilos de vida y alimentaci6n, sino tambien de las condiciones nutricionales y
metab61icas de la madre. Esto se debe a que el desarrollo de obesidad materna
durante la gestaci6n y la lactancia, puede ser una condici6n de estres que
predisponga al feto al desarrollo de enfermedades metab61icas desde la ninez y en
mayor grado, en la vida adulta (3). Dentro de estos efectos adversos que la
obesidad en el embarazo y iactancia ocasiona en la progenie, se encuentran
caracteristicas del sindrome metab61ico como resistencia a la insulina, aumento de
tejido adiposo abdominal e hipertensi6n (4).

Investigaciones cientificas tanto en humanos como en animales de
experimentaci6n, han demostrado que la salud esta intimamente relacionada con
la calidad de vida en las primeras etapas del crecimiento. EI fenotipo del adulto es
la suma de los factores geneticos, asi como de la influencia del ambiente fetal y
postnatal. EI ambiente perinatal sub6ptimo puede programar la predisposici6n
para el desarrollo de enfermedades cr6nicas, incluyendo la alteraci6n del
metabolismo de hidratos de carbono (5-9). Los hallazgos realizados en 1986 por el
Dr. David Barker de la Universidad de Southampton, Inglaterra, en donde
encuentra una correlaci6n entre el bajo peso al nacimiento y el riesgo a
enfermedades coronarias en la vida adulta (10) fueron el inicio de varios estudios
epidemiol6gicos encaminados a identificar la relaci6n que existe entre la talla y
peso del neonato con la hipertensi6n arterial, enfermedades cardiovasculares y
cerebrovasculares, obesidad, dislipidemias e intolerancia a la glucosa (11-13).

La hip6tesis de los origenes del desarrollo de la salud y la enfermedad (OOHaO,
por sus siglas en ingles), antes conocida como "programaci6n del desarrollo",
propone que la fisiologia y metabolismo fetal y neonatal pueden ser alterados por
cambios durante periodos criticos del desarrollo, como la gestaci6n y la lactancia.
Estas alteraciones generan una respuesta fisiol6gica permanente en el feto que se
asocia con el desarrollo de enfermedades en el adulto (14). Estudios con animales
de experimentaci6n han utilizado diferentes modelos para evaluar el efecto de la
programaci6n del desarrollo en el metabolismo (15,16). Algunos de estos modelos
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son la restricci6n nutricional en la dieta de la madre gestante y durante la lactancia
o la diabetes gestacional. Se ha demostrado que el ambiente intrauterino de
mad res desnutridas durante la gestaci6n predispone a padecer diabetes Y
obesidad en la vida adulta. La alteraci6n del desarrollo del pancreas, tejido
adiposo, musculo e higado fetales, entre otros, puede tener consecuencias en la
predisposici6n de enfermedades metab61icas a largo plazo.
Sin embargo, actualmente son pocos los estudios que recientemente se han
enfocado en los efectos de la programaci6n del desarrollo por una dieta
hipercal6rica, como una dieta materna alta en grasa. EI feto metab61icamente
programado presenta modificaciones permanentes en la estructura y fisiologia de
6rganos, asi como en la expresi6n de genes involucrados en su propio
metabolismo (17). Por 10que los facto res ambientales como la obesidad materna
pueden alteran permanentemente el metabolismo de tejidos y sistemas del

organismo.Existen estudios que han reportado los efectos de una dieta hiperlipidica durante
la gestaci6n y/o la lactancia en la sa Iud de la descendencia en edad adulta. En un
estudio realizado con babuinos, con dieta materna hiperlipidica durante la
gestaci6n, se demostr6 que el aumento de peso corporal y de concentraciones
sericas de trigliceridos en la madre puede relacionarse con el incremento del
crecimiento fetal (18). Esto sugiere que la madre pod ria presentar alteraciones
metab6licas como altas concentraciones de insulina y leptina, cambios en el perfil
lipidico e incremento de tejido adiposo que se relacionen con el desarrollo de

obesidad en las crias (18).
La expansi6n del tejido adiposo involucra tanto la hipertrofia como la hiperplasia
de adipocitos. Los estadios tempranos de la vida son periodos muy vulnerables Y
sensibles a facto res nutricionales Y hormonales, que modulan la multiplicaci6n Y
diferenciaci6n de los precursares de celulas adiposas (19). La desnutrici6n durante
la gestaci6n genera hipotrofia de los adipositos (20), mientras que la
sobrealimentaci6n durante la lactancia, asociada con altas actividades de enzimas
lipogenicas (21), genera hipertrofia de los adipocitos.
Par otro lado, el aumento de tejido adiposo genera el incremento de la Iiberaci6n
de acidos grasos libres a la circulaci6n (22). La acumulaci6n de acid os grasos
intracelulares en 6rganos no adiposos conocido como lipotoxicidad, es regulado
por el metabolismo de Iipidos el cual a su vez, es controlado par una familia de
factores de transcripci6n conocida como PPARs (Proliferator Peroxisome Activator
Receptor), que estan involucrados en la activaci6n de genes involucrados en el
transporte Y oxidaci6n de lipidos (22,23). Uno de estos factores de transcripci6n es
PPARy (receptor activado por proliferadores de peroxisomas y), el cual se expresa
principalmente en tejido adiposo Y controla el almacenamiento de trigliceridos
mediante la diferenciaci6n de adipocitos Y la esterificaci6n de acidos grasos en los
adipocitos maduros, regulando la expresi6n de genes involucrados como la
expresi6n de la enzima sintasa de acidos grasos (FAS) (23). La acumulaci6n de
Iipidos en tejidos no adiposos esta relacionada con la reducci6n del contenido de
PPARy. Otra isoforma de los PPARs y que se expresa principalmente en el
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higado, es PPARo. Este factor de transcripci6n juega un papel importante en la
oxidaci6n de acid os grasos regulando la expresi6n de genes como la enzima
carnitin palmitoil CoA transferasa (CPT) (24). La familia de las SREBPs (Sterol
Regulatory Element Binding Protein), formada por tres miembros SREBP-1a,1c y
2, tambien participa en el metabolismo de Iipidos. Estos factores de trascripci6n
controlan la homeostasis de Iipidos al activar de manera coordinada, la expresi6n
de genes involucrados en la gluc6lisis, asi como el metabolismo de colesterol y
acidos grasos y el de lipoproteinas (24). Especificamente SREBP-1 se une a
elementos de respuesta a esteroles de genes que participan en el metabolismo de
lipid os (24). La participaci6n de SREBPs y PPARs en el desarrollo de lipotoxicidad
del higado, ha comenzado a investigarse y dentro del area de la programaci6n del
desarrollo, es necesario el estudio de mecanismos moleculares que ayuden a
explicar la relaci6n entre la calidad de vida prenatal y el riesgo de padecer
enfermedades metab61icas en la vida adulta.

EI desarrollo de obesidad materna, debido al aumento en el consumo de dietas
ricas en Iipidos y carbohidratos, tambien puede alterar otros parametros
metab61icos en la descendencia como son la distribuci6n de grasa corporal, la
funci6n cardiovascular y el metabolismo de glucosa (25). En este trabajo se
plantea la hip6tesis de que dichas alteraciones tienen su origen en la
programaci6n del balance de energia, la cadena se sefializaci6n de insulina, en la
expresi6n de factores de transcripci6n relacionados con la regulaci6n del
metabolismo de lipid os 0 en la expresi6n de receptores en el hipotalamo
involucrados en el control de los centros de apetito y saciedad, como el receptor
OB-Rb de la ieptina, hormona relacionada con el balance energetico y secretada
por el tejido adiposo (26). Se ha demostradoque ratas de experimentaci6n
sobrealimentadas durante su vida temprana postnatal presentan un estado de
resistencia a leptina, mediada por la regulaci6n negativa del receptor hipotalamico
OB-Rb (27).

EI prop6sito del presente estudio es determinar c6mo es que el desarrollo de
obesidad en ratas hembras, dado por el consurno de dieta hiperlipidica desde el
destete hasta la edad adulto joven y durante el embarazo y la lactancia, programa
el metabolismo de glucosa y Iipidos de sus crias, asi como alteraciones en la
ingesta de alimento y desarrollo de adiposidad, de tal forma que estas seran mas
susceptibles a desarrollar enfermedades metab61icas en la vida adulta a pesar de
haber sido alimentadas normalmente desde el destete, a diferencia de un grupo de
crias de mad res control.

Los estudios preliminares realizados con un modelo de obesidad han mostrado
aumento de tejido adiposo y aumento en las concentraciones sericas de
trigliceridos en las crias de madres alimentadas con dieta hipercal6rica en el
periodo perinatal, por 10que esperamos encontrar alteraciones a nivel bioquimico
y molecular en el tejido adiposo, muscular, cerebro y pancreas que permitan
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explicar el mecanismo por el que se desencadenan los efectos metab61icos de la
programaci6n del desarrollo en las crias.

Se utilizara a la rata como modelo experimental. Ratas seran alimentadas con
dieta control 0 dieta hiperlipidica con 20% de grasa saturada, desde el destete y
durante el embarazo y/o lactancia. Despues del destete todas las crias durante su
crecimiento comeran dieta control hasta la vida adulta. Se cuantificara glucosa,
insulina y trigliceridos sericos en las ratas mad res. En los neonatos se determinara
leptina serica y receptores de leptina en el hipotalamo. Se realizara una prueba de
tolerancia a la glucosa (PTG) en las crias, asi como la concentraci6n de glucosa e
insulina basal, trigliceridos, colesterol y el anal isis quimico corporal. Se realizaran
correlaciones entre algunas variables como peso, ingesta de alimento y leptina.
Ademas se realizaran estudios de morfologia y del pancreas y tejido adiposo, que
permitan identificar si la modificaci6n en el metabolismo de glucosa y Iipidos se
debe a alteraciones generadas en el desarrollo del pancreas 0 aumento del tejido
adiposo durante la vida fetal. En higado se determinara la concentraci6n de los
factores de transcripci6n PPARa y SREBP-1, y en tejido adiposo del factor de
transcipci6n PPARy, para evaluar alteraciones en el metabolismo de Iipidos en las
crias. Debido a que los efectos de la programaci6n del desarrollo normalmente se
manifiestan en etapas tardias de la vida (adulto maduro), las crias seran
estudiadas en dos periodos en la vida joven y adulta.

Originalidad

Algunos estudios previos realizados con ratas, han demostrado que las
modificaciones en el contenido de carbohidratos y de proteinas materna durante el
inicio del embarazo ya sea generado por diabetes, por la administraci6n materna
de glucocorticoides, por la restricci6n protelnica materna 0 por la restricci6n global
de calorias alteran el metabolismo de las crias (28-32). Con respecto al modelo de
obesidad materna que se plantea en este trabajo, nos proponemos determinar
c6mo es que el fenotipo de la rata madre que presenta obesidad durante la
gestaci6n y la lactancia, puede contribuir al desarrollo de obesidad y problemas
metab61icos de las crias. En este estudio se utilizara como modelo animal a la
rata, dado que con este se pueden evaluar diferentes etapas del crecimiento,
desde el destete hasta la vida adulta en corto tiempo y con los resultados
obtenidos se espera conocer mecanismos que expliquen la importancia que puede
tener el consumo de dieta hipercal6rica en la programaci6n del feto.

En el presente estudio se plantea conocer la importancia del adecuado ambiente
metab61ico durante la vida intrauterina que incide en la programaci6n desde la vida
fetal en diferentes funciones y mecanismos de adaptaci6n durante la vida
postnatal. Los resultados de este estudio seran importantes para conocer el
impacto de la calidad de vida embrionaria y postnatal sobre la funcionalidad de
sistemas complejos y hormonalmente regulados.
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Objetivos

Objetivo General

Estudiar los electos de la obesidad materna durante el periodo perinatal de la rata
para la programaci6n de enfermedades cr6nico degenerativas y su asociaci6n con
des6rdenes metab61icos en las crias de ambos sexos.

Objetivos Particulares

Estudiar a la madre durante el crecimiento y la gestaci6n para poder esclarecer el
ambiente intrauterino metab61ico y end6crino al que estaran sometidas las crias.
Para esto se determinara el peso corporal, la ingesta de alimentos y el perfil
lipidico de las ratas madre durante la gestaci6n y la lactancia, as! como la
composici6n quimica de la leche al termino de la lactancia.

Evaluar el registro de peso corporal y de ingesta de alimento de las crias en
diferentes etapas del desarrollo.

Analizar a la leptina y su receptor en hipotalamo en las crias neonatas y su
correlaci6n con modificaciones en el apetito, tejido adiposo y peso corporal.

Analizar la concentraci6n serica de leptina, insulina, glucosa y del perfil Iipidico, asi
como la composici6n corporal de las crias en diferentes etapas del desarrollo.

Determinar la concentraci6n y nivel de expresi6n de los factores de transcripci6n
SREBP-1 y PPARa, asi como de las enzimas FAS y CPT en higado y PPARy en
tejido adiposo, de las crias en edad adulta.

Comparar las diferencias de genero de los efectos metab61icos per el impacto de
la obesidad materna.

Metodologia cientifica.

Mode/o biol6gico

Se utilizaran ratas hembras albinas de la cepa Wistar recien destetadas. Los
animales seran mantenidos en el bioterio del Instituto Nacional de Ciencias
Medicas y Nutrici6n SZ bajo condiciones controladas de luz-obscuridad (de 7:00 a
19:00 h), asi como de humedad y temperatura (22-23°C). Todos los
procedimientos fueron previamente aprobados por el comite de etica de
experimentaci6n animal del INCMNSZ. Cuando las ratas alcancen un peso de 240
:t 20 9 Y entre 10 y 12 semanas de edad, seran apareadas con machos y el dia en
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el cual se encuentren espermatozoides en la vagina se designara como el inicio de
la gestaci6n. Durante los diferentes tiempos que dure el experimento, las ratas,
tanto las mad res como las crias seran pesadas diariamente.

Se utilizaran dos dietas con diferente contenido grasa. Dieta control (C) con 5% de
grasa y dieta hiperlipidica (H) con 25% de grasa. La dieta hiperlipidica sera
compensada en su valor energetico con la adici6n de carbohidratos (Tabla 1). La
dieta utilizada es la recomendada por el Instituto Americano de Nutrici6n para
roedores en las fases de embarazo, lactancia y crecimiento (33).

Tabla 1. Composici6n de las dietas experimentales

DIETA CONTROL
(%)

DIETA HIPERLIPiDICA
(%)

Caseia
L-Cistina
Colina
Vitaminas
Minerales
Celulosa
Aceite
Manteca de cerdo
Hidratos de carbono

Almid6n
Dextrosa

23.11
0.3
0.165
1
5
5
5

30.21
30.21

4 Kcallg dieta

23.11
0.3
0.165
1
5
5
5
20
20.59
20.59

5 Kcal/g dieta

Las ratas prenadas y lactantes seran pesadas todos los dias durante el embarazo
y hasta el destete. Tambien la ingesta de alimento sera cuantificada todos los
dias. Las ratas naceran por parto natural. La distancia ano-genital al nacimiento
sera medida con regia Vernier para la determinaci6n del sexo. Nuestros datos (34)
indican que las crias hembras al nacimiento tienen una distancia ana genital de
1.67 i: 0.128 mm (n=291 crias de 43 diferentes camadas) y los machos 3.26 i:
0.22 mm (n=252 crias de 43 camadas). De tal forma que 2.5 mm es mas de 2
SO's de la media de cada grupo. Por tanto, el sexo sera determinado de acuerdo a
la distancia ano-genital > (machos) 0 < (hem bras) 2.5 mm.
Para asegurar homogeneidad en el estudio, camadas de 10 a 14 crias seran
ajustadas al nacimiento a 10 crias por madre tratando de mantener una relaci6n
de sexo de 1:1. En caso de ser menor a 100 mayor a 14, los animales seran
excluidos del experimento.
Para cada experimento se utilizaran 10 ratas a prenar por grupo. De acuerdo a
nuestra experiencia en proyectos anteriores, se estima que al finalizar el
experimento quedara una "n" aproximada de 6 mad res por grupo, dado que la tasa
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de fertilidad de las ratas del 8ioterio del INCMNSZN es del 80% y que se
eliminaran animales por tener camadas grandes 0 pequenas.
Las diferentes dietas experimentales seran administradas a las ratas desde el
destete y en el embarazo y la lactancia quedando 2 grupos experimentales:

1) Grupo Control (C). Nutrici6n normal a base de 20% de caseina y con 5 %
de grasa a partir del destete y durante el embarazo y la lactancia.

2) Grupo Hiperlipidico (H). Nutrici6n hiperlipidica a base de 25% de grasa
durante a partir del destete y durante el embarazo y la lactancia.

AI destete todas las crias de ambos grupos seran alimentadas con dieta normal
hasta el momento del sacrificio. Es importante resaltar que el consumo de dietas
sera a partir del destete y no unicamente durante el embarazo y/o lactancia. Las
crias y la ingesta de alimento seran pesadas todos los dias hasta el termino del
estudio.

GRUPOS EXPERIMENTALES:

Grupo I. Control (C).

Crecimiento

Nutrici6n 20% de caseina y 5% grasa

II EMBARAZO II LACTANCIA II cRiAS

Nutrici6n Nutrici6n
Nutrici6n 20% de

20% caseina y 20% caseina
caseina y 5% grasa

5% de grasa 5% de grasa

21 d
desteste

'-------------1 ;;7' 1--
Edad120d 22dG 21d -110dy1ano

apareamiento desteste Necropsia

Grupo II. Hiperlipidico (H)

_____ c_re_c_im_i_e_nt_o 11 EMBARAZO II LACTANCIA II C_R_IA_S _

Nutrici6n 25% grasa
Nutrici6n

25% de grasa
Nutrici6n

25% de grasa Nutrici6n 20% de
caseina y 5% grasa

21 d
desteste

'----------------1 ;;7' 1---
120 d 21 d Edad

22 dG - 110 d Y 1 ano
apareamiento desteste Necropsia

dG = dias gestacionales; d = dias.
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Diseiio experimental

Linea de liempo

___ C_r_ec_i_m_ie_n_lo__.11 EMBARAZO II __ L_A_C_T_A_N_C_'_A_~II CRiAS---------
Nulrici6n normal 20%

de caseina

Necropsia

••,,,,,

- 110 d Y 1 allo

leptina
Glucosa
Insulina
Trigliceridos
Colesterol
Composici6n quimica
corporal
Tamar"lo de adipositos

f/ I
Ingesta :: alimento Edad

"
,

,{/ I
- 90 d

Leptina serica y receptor
OB-Rb en hipotalamo de

neonatos

Composici6n quimica corporal y
tamaflo de adipositos

---I
21 d

Oesteste
Estudios de
pancreas

22 dG

PTG
Trigliceridos
Colesterol

Peso corporal
Ingesta de

120 d
apareamienlo

21 d
Desteste

Cuantificaci6n de la ingesta de alimento en las crias a los 110 d de edad

Se pond ran en la misma caja dos ratas del mismo grupo experimental y mismo
sexo. La com ida se proveera en forma de galletas. Se pesara diariamente tanto la
cantidad de com ida que se proporcione cada dia asi como la parte restante
despues de 24 horas. La cantidad de alimento consumido sera promediado entre
las dos ratas.
Las crias seran pesadas lodos los dias. Sin embargo, dado que las
concentraciones de leptina de la cria adulta se obtendran alrededor de los 110
dias de edad, para la obtenci6n de la correlaci6n entre las diferentes variables:
peso, ingesta de alimento, contenido de grasa corporal y concentraciones sericas
de leptina, se utilizaran los datos obtenidos a los 110 dias de edad.

Composici6n quimica de las carcasas

Despues del sacrificio las ratas seran conge ladas en pequeiias bolsas de plastico
hasta su analisis. EI abdomen se abrira y las visceras seran removidas y
desechadas. Se pesara el animal, cantidad que sera designada como peso
humedo, despues se pondra a secar la carcasa a 60°C hasta peso constante. EI
peso perdido se considerara como cantidad de agua en el cuerpo. La carcasa
seca sera molida y se realizaran alicuotas para la determinaci6n de la cantidad de
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grasa par el metodo de Soxhlet (35) y la cantidad de nitr6geno total (proporcional a
la cantidad de proteina) por el metodo de Kjeldahl (35).
Apareamiento de hembras

A los 120 dias de edad las hembras alimentadas con dieta control 0 hiperlipidica,
seran apareadas con machos (no incluidos previamente en el estudio). Durante el
embarazo todas las hembras seran alimentadas con las dietas experimentales y
las ratas tend ran partos naturales. Se obtendra el tamano de la camada y el peso
corporal de las crias al nacimiento. La distancia ano-genital se medira al
nacimiento para la determinaci6n del sexo. Las camadas seran ajustadas a 10
crias/madre manteniendo una relaci6n de 1:1 hembras:macho, en 10 posible. AI
destete (dia 21) las crias seran divididas por sexo y acomodadas en diferentes
cajas por grupo.

Prueba de to/erancia a /a g/ucosa (PTG) en las madres preiladas de /a
generacion F1

Un experimento aparte sera realizado para el estudio de las PTG de las crias
hembras prenadas, de tal forma que el estres generado par las tomas de muestra
no afecte en los resultados obtenidos de las crias.
Una rata hembra de cada camada prenada en dfa 17 de gestaci6n, sera puesta en
ayuno durante la noche. Un gramo/Kg de peso de D-Glucosa sera administrado
via ip. La sangre sera obtenida por punci6n retro-orbital al tiempo 0, 30, 60 Y 120
min. La sangre sera colectada en tubos de polietileno y centrifugada. EI suero
obtenido sera almacenado a -20°C hasta el momento de su uso.

Analisis Bioquimicos

Cuantificacion de g/ucosa en sangre
Las concentraciones de glucosa
espectrofotometricamente utilizando el
(Beckman Coulter, Co Fullerton, CA).

en suero seran determinadas
metodo enzimatico de la hexocinasa

Radioinmunoensayo de /nsulina
Las concentraciones de insulina en suero seran determinadas por RIA utilizando
un estuche comercial de Linco Research INC #Cat RI-13K.

Cuantificacion de trigliceridos yeo/estero/
Las concentraciones de trigliceridos y colesterol en suero se determinaran
enzimaticamente con el autoanalizador Sycnchron CX (Beckman coulter, Co,
Fullerton, CA).

Radioinmunoensayo de Leptina
Las concentraciones de leptina en suero seran determinadas por RIA utilizando un
estuche comercial de Linco Research, Inc #Cat RL-83K.
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lorna de tejidos

De las crias de ambos grupos experimentales se disecara el tejido adiposo retro-
peritoneal, hipotalamo y pancreas para su estudio a nivel celular y molecular en
las diferentes edades requeridas.

TamafJo de las celulas adiposas

Celulas adiposas provenientes de la zona retroperitoneal seran fijadas como 10
describe Etherthon et al. Brevemente, 100 a 150 mg de tejido adiposo
retroperitoneal sera cortado y lavado a 3rC en 0.15 M de NaCI. Los cortes de
tejido adiposo seran fijados en tetr6xido de osmio al 3% en buffer de Colidina-HCI
(50 mM, pH 7.4) por 72-96 h. Las celulas fijadas seran lavadas en NaCI al 0.15 M
por 24 h, se eliminara el tejido conectivo incubando en 8 M de urea por 24-48h. EI
tamano de las celulas sera medido utilizando un microscopic 6ptico.

Inmunohistoquimica del receptor de leptina (OB-Rb) en hipotalamo

Se realizaran cortes seriados del hipotalamo y seran fijados a 60°C por 20 min.
Posteriormente se realizaran lavados seriados con xyleno, etanol al 100% Y al
95%. Se agregara soluci6n de peroxidasa end6gena en metanoll H202 por 30
minutos. Se incubara con albumina bovina y se agregara el anticuerpo primario
(anti-OB-Rb) por una hora. Como segundo anticuerpo se utilizara suero de conejo
anti-cerdo (DAKO # E0353), posteriormente streptavidina por 30 minutos (DAKO
#P0397) Y al final DAB por 5 minutos. Las laminillas seran tenidas con verde de
metileno por 1 minuto y deshidratadas con 95% y 100% de etanol y xileno.

Estudios Celulares y Moleculares a nivel del pancreas

La cuantificaci6n de la insulina y glucagon, asi como la expresi6n de sus genes a
nivel del pancreas, sera de utilidad para indagar si las modificaciones en el
metabolismo de la glucosa estan mediadas en parte por la regulaci6n y equilibrio
entre estas dos hormonas.

Extraccion de RNA y ana/isis de la expresion del gen de la insulina

EI pancreas sera removido inmediatamente despues del sacrificio de cada animal.
EI RNA total sera extraido, utilizando 2 ml de TRlzol (Gibco BRL). Una vez
obtenido, el RNA se cuantificara por espectrofotometria.
Un total de 20 ).1gde RNA de cada rata, se separara en geles desnaturalizantes de
agarosa al 1% y 2.2 M de formaldehido. Despues de la electroforesis, el gel sera
transferido por capilaridad a una membrana de nitrocelulosa (Genescreen, NEN
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Research Products, Dupon) con sse 10X (citrato de sodio 150 mM, Nael 1.5 M)
por toda la noche. Las membranas se prehibridaran en 0.2 ml/cm2 de la soluci6n A
(formamida 50%, SDS 0.2%, EDTA 10mM, sse 2X, fosfato de sodio 120mM, pH
6.8 y 50 f(g/ml de DNA de esperma de salm6n) por 24 horas a 42°e. Despues de
este tiempo, las membranas seran hibridizadas con un fragmento Pstl de 360
pares de bases del DNA complementario (DNAc) de la insulina humana, el cual se
marcara radiactivamente con 32p con el metodo de "random primer". Las
membranas se incubaran en 0.1 ml/cm2 de la soluci6n A, en presencia de la sonda
radiactiva, a 42°e durante toda la noche. Despues de la hibridizaci6n, las
membranas se lava ran en condiciones de alta astringencia, 2 veces a temperatura
ambiente en una soluci6n de sse 2X y 2 veces a 500e en una soluci6n de sse
0.1X, SDS 0.1% Y se expondran a placas autorradiograticas Kodak X-OMAT por
24 horas a -70oe, usando pantallas intensificadoras. Los autoradiogramas se
analizaran en un densit6metro de imagen (Eagle eye II, Stratagene). Las
membranas se lavaran y rehibridaran con el DNAc de la actina como control de
expresi6n constitutiva. La expresi6n del gen de insulina sera referido como la
expresi6n del gen de insulina sobre la expresi6n del gen constitutivo (actina).

Procesamiento del tejido por metodos histo/6gicos

Para obtener el pancreas de los animales de los diferentes grupos considerados,
se inyectara a la rata con 300 IJI de pentobarbital intraperitoneal. Una vez
anestesiada se disecara el pancreas y se fijara por inmersi6n en 10 ml de soluci6n
fria de paraformaldehido 4% en amortiguador de fosfatos 100mM pH 7.4 por 18-20
horas a 4°e. EI pancreas sera tratado por metodos histol6gicos de rutina, despues
de lava rio con agua corriente por 2 horas se deshidratara sumergiendolo de
manera sucesiva en alcohol etilico a diferentes concentraciones (25, 50, 60, 75,
80,90 Y 96%) ademas de xileno-etanol absoluto (1:1) y xileno 100% para despues
ser incluido en parafina. Se realizaran cortes de 5 IJm de grosor para procesarlos
por inmumohistoquimica y TUNEL (terminal nucleotidyl transferase-mediated
dUTP nick end labeling-fluorescein conjugated)

Inmunohistoquimica de insulina y glucagon

Para conocer si el contenido de insulina y glucagon se modifica por efecto de la
obesidad materna en los animales de estudio, se analizara la insulina y glucag6n
en los cortes de pancreas de los animales de estudio por inmunohistoquimica.
Despues de desparafinar las laminillas y re-hidratarlas en concentraciones
crecientes de etanol (25,50,75,100%), los cortes se incubaran con suero normal
de cabra al 2% por 15 minutos, despues de este tiempo se incubaran con el
anticuerpo primario correspondiente (anti-insulina 0 anti-glucag6n de rat6n) por 2
horas y despues de lavarlos con PBS 100 mM pH 7.4, los cortes se incubaran con
anticuerpo secunda rio (anti-lgG de rat6n) conjugado con rodamina 0 fluoresceina,
durante 2h. Las laminillas seran preparadas con medio para f1uorescencia y
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posteriormente seran analizadas por microscopia de f1uorescencia. Se utilizaran al
menos 100 islotes por pancreas.

METODOLOGiA ESPECiFICA CON RESPECTO AL MANEJO DE ANIMALES

EI presente estudio requiere de la utilizaci6n de ratas hembras de la cepa Wistar
reciem destetadas y con un peso aproximado de 60g. As! mismo se utilizaran ratas
machos de la misma cepa con fertilidad probada para el apareamiento con las
hembras.

Nutrici6n

Se proponen diversos tipos de dietas:
Dieta Chow de bioterio y agua ad Iimitum para alimentar a las ratas madre de las
que se obtendran las ratas destetadas para conformar los grupos experimentales.
Dietas control e hiperlipidica con diferentes proporciones de grasa (como se indica
en la tabla 1, paginas 6 y 7).

Administraci6n de medicamentos

Para la prueba de tolerancia a la glucosa, la rata sera puesta en ayuno durante la
noche previa. Un gramo/Kg de peso de D-glucosa sera administrado via
intraperitoneal como esta descrito en la pagina 9.

Obtenci6n de muestras de sangre

Las muestras de sangre se obtendran por punci6n del plexo retro-orbital. EI animal
sera anestesiado ligeramente en una camara de eter para la realizaci6n de dicho
procedimiento. Se utilizara eter por sus bajos 0 nulos efectos en las
concentraciones de hormonas gonadotr6picas, receptores esteroideos y expresi6n
de genes metab6licos (36,37). Posteriormente se sujetara al animal y se colocara
con el t6rax hacia arriba. Se introducira un tubo capilar en el angulo externo del ojo
hasta encontrar el sene venoso. La sangre fluira inmediatamente por capilaridad
hada el interior del tubo. Se colectaran muestras entre 400 y 600 IJI de sangre. AI
finalizar se lirnpiara el ojo con un algod6n humedecido con agua esteril y se
aplicara una gota de soluci6n de antibi6tico-antimic6tico.

Obtenci6n de tejidos

EI dia de la necropsia se obtendran todos los 6rganos del animal y se pesaran,
para su normalizaci6n con respecto al peso corporal.
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Eutanasia

Los animales seran sometidos a eutanasia por decapitaci6n sin anestesia previa,
utilizando una guillotina para roedores (Thomas Scientific, EU). La raz6n por la
cual no utilizaremos ningun tipo de anestesico es que en nuestra experiencia
(28,33) y la de otros (36,38) hemos observado que la previa manipulaci6n
incrementa el grade de estres de la rata, 10 cual, ademas de afectar los valores de
algunas hormonas, como la corticosterona (39), genera mayor sufrimiento al
animal.
Cabe aclarar que para evitar estres adicional en los animales a ser sacrificados, el
proceso se lIevara a cabo en un lugar separado al resto de las ratas, y entre
animal y animal, se lavara la guillotina y los guantes del personal involucrado.
Los restos de los animales seran colocados en las bolsas amarillas (asignadas
para residuos peligros biol6gico infecciosos: RPBI), posteriormente se congelaran
a -20°C (en el dep6sito de cadaveres de animales para necropsia que el Bioterio
del Instituto tiene asignado para tal prop6sito). Una compania privada contratada
por ellNCMNSZ se encargara de la posterior incineraci6n de los animales.

Criterios para dar por terminado el experimento en caso de que los ani males
presenten signos de sufrimiento

Los animales que en el transcurso del experimento presenten algun tipo de
sufrimiento (no generado por el diseno experimental), seran sometidos a
eutanasia. Los criterios son (www.ahc.umn.edu/rar/euthanasia.html):

1. Perdida de peso mayor al 20-25%.
2. Perdida del apetito: completa anorexia por 24 h 0 anorexia parcial (50% del

la ingesta cal6rica) durante 3 dias.
3. Debilidad 0 inhabilidad para obtener su alimento y agua.
4. Estado moribundo: signos de depresi6n 0 la falta de respuesta a estimulos.
5. Presencia de alguna infecci6n.
6. Signos de disfunci6n severa de algun 6rgano 0 sistema
7. Presentaci6n de alguna anormalidad fisica (tumores).

Para los siguientes procedimientos: maniobras conductuales, modificaciones
ambientales, restricci6n fisica y ejercicio, inmunizaciones, inoculaci6n de agentes
biol6gicos, sustancias peligrosas, radiaciones, trauma, cirugia, NO APLICA.

Analisis estadistico

Para la prueba de la tolerancia a la glucosa, el area bajo la curva sera calculada.
EI indice de resistencia a la insulina sera determinado con la f6rmula IRI = Glucosa
x Insulina I 22.5. Todos los datos seran expresados como la media :t EE. Se
realizara ANOVA de una via seguido de la prueba de Dunnett para la comparaci6n
entre los grupos y ANOVA de 2 vias para la determinaci6n de la interacci6n entre
sexo y grupos experimentales. La correlaci6n entre las diferentes variables
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(concentraciones de leptina, ingesta de alimento, grasa y peso corporal) ser<'m
calculadas utilizando la Correlaci6n de Pearson; pSO.05 sera considerado como
significativo
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Intervenci6n nutricional en la obesidad materna de la rata: beneficio en el
metabolismo de las crias

ANTECEDENTES
Los cambios en los patrones de alimentaci6n y de actividad fisica han
incrementado el desarrollo de obesidad (1). Dentro de los sectores de la poblaci6n
afectados pcr el desarrollo de obesidad en Mexico, se encuentran las mujeres en
edad joven y reproductiva y los ninos en edad escolar. En el primer grupo, la
prevalencia de obesidad ha aumentado de 9 a 32 %, de 1988 al 2006; mientras
que en el se:tor infantil, la prevalencia ha incrementado de 11 a 18 %, de 1999 al
2006, de ac:uerdo a la Encuesta Nacional de Nutrici6n (2). EI desarrollo de
obesidad infantil puede ser resultado, no s610 de las condiciones de sedentarismo,
estilos de vida y alimentaci6n, sino tambien de las condiciones nutricionales y
metab6licas de la madre. Esto se debe a que el desarrollo de obesidad materna
durante la gestaci6n y la lactancia, es una condici6n de estres que predispone al
feto en crecimiento al desarrollo de enfermedades metab61icas desde la ninez y en
mayor grado, en la vida adulta (3).
Investigaciones cientfficas tanto en humanos como en ani males de
experimentaci6n, han demostrado que la salud esta intima mente relacionada con
la calidad de vida en las primeras eta pas del crecimiento. EI ambiente perinatal
sub6ptimo puede programar la predisposici6n para el desarrollo de enfermedades
cr6nicas, incluyendo la alteraci6n del metabolismo de hidratos de carbona (5-9).
Los hallazgos realizados en 1986 par el Dr. David Barker de la Universidad de
Southampton, Inglaterra, en donde encuentra una correlaci6n entre el bajo peso al
nacimiento y el riesgo a enfermedades coronarias en la vida adulta, (10) fueron el
inicio de varios estudios epidemiol6gicos encaminados a identificar la relaci6n que
existe entre la talla y peso del neonato can la hipertensi6n arterial, enfermedades
cardiovasculares y cerebrovasculares, obesidad, dislipidemias e intolerancia a la
glucosa (11-13).

La hip6tesis de los origenes del desarrollo de la salud y la enfermedad (DOHaD,
par sus sig/as en ingles), antes conocida como "programaci6n del desarrollo",
propane que la fisiologla y metabolismo fetal y neonatal pueden ser alterados par
cambios durante una ventana de tiempo critica del desarrollo, como la gestaci6n y
la lactancia. Estas alteraciones generan una respuesta fisiol6gica permanente en
el feto que se asocia can el desarrollo de enfermedades en el adulto (16,24,26,27).
EI feto metab61icamente programado presenta modificaciones permanentes en la
estructura y fisiologia de 6rganos, asi como en la expresi6n de genes involucrados
en su propio metabolismo (17). Par 10que el fenotipo del adulto es la suma de los
factores geneticos, asi como de la influencia del ambiente fetal y postnatal.

Estudios can animales de experimentaci6n han utilizado diferentes model as para
evaluar el efecto de la programaci6n del desarrollo en el metabolismo (15,16).
Algunos de estos modelos son la restricci6n nutricional en la dieta de la madre
gestante y durante la lactancia, y la diabetes gestacional. En los liltimos anos se



ha empezado a explorar tambiE'ln los efectos de la obesidad materna y la ingesta
de dietas hipercal6ricas de la madre gestante (4,18,23).
La obesidad rnaterna esta relacionada tanto con el retardo en el crecimiento
intrauterino como con el aumento en el tarnano del feto para su edad gestacional
(28,29). Recientes estudios epidemiol6gicos y con ani males de experimentaci6n
(3,4,14,19,25,30,31) han reportado que el desarrollo de obesidad previa y durante
el embarazo es un importante factor responsable de los efectos adversos de la
programaci6n del desarrollo en la progenie, tales como predisposici6n a la
diabetes, aumento de tejido adiposo abdominal, obesidad y enfermedades
cardiovasculares.
Algunos de los estudios que se han reportado son los relacionados con los efectos
de dietas hiperlipidicas durante la gestaci6n y/o la lactancia en la salud de la
descendencia en edad adulta. En un estudio realizado con babuinos, que fueron
alimentados con dieta materna hiperlipidica durante la gestaci6n, se demostr6 que
el aumento de peso corporal y de concentraciones sericas de trigliceridos en la
madre puece relacionarse con el incremento del crecimiento fetal (18). Esto
sugiere que la madre pod ria presentar alteraciones metab61icas como altas
concentraciones de insulin a y leptina, cambios en el perfl lipidico e incremento de
tejido adiposo que se relacionen con el desarrollo de obesidad en las crias (18).

A pesar de que actualmente existe un gran numero de estudios relacionados con
la obesidad materna y la programaci6n del desarrollo, no se ha explorado si los
cam bios en la alimentaci6n previa al embarazo de la madre obesa ayudan a
prevenir algunos de los efectos metab61icos negativos de la programaci6n. En un
articulo recientemente publicado por nuestro grupo de trabajo, se demostr6 que la
intervenci6n nutricional un mes previo a la gestaci6n de ratas con obesidad,
revierte algunos de los efectos metab6licos de la programaci6n en las crias (27).
Algunos de los resultados obtenidos son:

Las ratas madres del grupo de intervenci6n nutricional previa a la gestaci6n (MI),
mostraron menor peso corporal al apareamiento con respecto a el grupo de ratas
mad res alimentadas con dieta hiperlipidica (MO). Este ultimo grupo tuvo mayor
peso corporal (16%) en comparaci6n con el grupo control (MG).
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Figura 1. Registro de peso corporal desde el destete hasta el dia del
apareamienlo de los tres grupos experimentales. # p<O.05 para madres con
obesidad (MO- 0) y madres con intervenci6nnutricional(MI - 1') versusmadres control
(Me - .), • p<O.05MI vs MO, (n = 5 ralas por grupo). Los datos se presentancomo la
media :t EE.

Con respecto a las crias a los 21 dias de edad, se observ6 mayor cantidad de
tejido adiposo, trigliceridos, leplina e insulina en suero tanto en hembras como en
machos del grupo MO y todos estos parametros fueron recuperados en las crias
del grupo MI. A los 120 dias de edad las crias machos del grupo MO tuvieron
mayor concentraci6n serica de glucosa, insulina asi como en el indice de
resistencia a la insulina (IRI); las crias de las MI tuvieron una recuperaci6n en la
concenlraci6n de glucosa y parcialmente en el IRI. No hubo diferencias
significativas en ninguno de estos parametros en las crias hembras. A los 150 dias
de edad, tanlo en hembras como en machos la concentraci6n de leptina fue mayor
en el grupo MO, mientras que no hubo diferencias en los grupos MI con respecto
al MC. EI lamaiio de las celulas de los adipocitos (para ambos sexos) fue mayor
en el grupo MO, intermedio en el MI y menor en el grupo control (27).
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Figura 2. A) Leptina serica; B) lejido adiposo y C) tamaiio de adipocitos de crias
machos y hembras a los 150 dias de edad. Datos con letras diferentes son
significativamente diferentes, p < 0.05 para grupos con letras diferentes, * p<0.05



vs machos. MC: madres control, MO: madres con obesidad y MI: ratas madres con
intervenci6n nutricional. (n = 5 camadas por grupo). Los datos se presentan como
la media :t EE.

Estos datos demuestran que la intervenci6n nutricional materna previa al
embarazo pueden revertir parcialmente 0 totalmente algunos de los efectos
adversos de la programaci6n del desarrollo generados por la obesidad materna

EI desarrollo de obesidad desencadena una serie de alteraciones relacionadas
con el metabolismo energetico, afectando a 6rganos como higado y tejido adiposo,
y en este proyecto se plantea que la intervenci6n nutricional previa al embarazo
puede ayudar a prevenir alteraciones en el metabolismo de lipidos de las crias. EI
metabolismo de Iipidos involucra una serie de factores de transcripci6n que a
continuaci6n se describen.

EI desarrollo de obesidad y el aumento de tejido adiposo incrementan la liberaci6n
de acidos g-asos libres a la circulaci6n (20). La acumulaci6n de acidos grasos
intracelulares en 6rganos no adiposos conocido como Iipotoxicidad, es regulado
por el metabolismo de Hpidos el cual a su vez, es controlado por una familia de
factores de transcripci6n conocida como PPARs (Proliferator Peroxisome Activator
Receptor), que estan involucrados en la activaci6n de genes relacionados en el
transporte y oxidaci6n de Hpidos (20,21). Uno de estos factores de transcripci6n es
PPARy (receptor activado por proliferadores de peroxisomas y), el cual se expresa
principalmente en tejido adiposo y controla el almacenamiento de trigliceridos
mediante la diferenciaci6n de adipocitos y la esterificaci6n de acidos grasos en los
adipocitos maduros, regulando la expresi6n de genes involucrados como la
expresi6n de la enzima sintasa de acidos grasos (FAS) (21). La acumulaci6n de
Hpidos en teJidos no adiposos esta relacionada con la reducci6n del contenido de
PPARy. Otm isoforma de los PPARs y que se expresa principalmente en el
higado, es F'PARo. Este factor de transcripci6n juega un papel importante en la
oxidaci6n de acidos grasos regulando la expresi6n de genes como la enzima
carnitin palrnitoil CoA transferasa (CPT) (22). La familia de las SREBPs (Sterol
Regulatory Element Binding Protein), formada por tres miembros SREBP-1a,1c y
2, tambien ~articipa en el metabolismo de Hpidos. Estos factores de trascripci6n
controlan la 10meostasis de Hpidos al activar de manera coordinada, la expresi6n
de genes involucrados en la gluc6lisis, asi como el metabolismo de colesterol y
acidos gras()s y el de Iipoproteinas (22). Especificamente SREBP-1 se une a
elementos de respuesta a esteroles de genes que participan en el metabolismo de
Hpidos (22). a participaci6n de SREBPs y PPARs en el desarrollo de lipotoxicidad
del higado, ha comenzado a investigarse y dentro del area de la programaci6n del
desarrollo, es necesario el estudio de mecanismos moleculares que ayuden a
explicar la relaci6n entre la calidad de vida prenatal y el riesgo de padecer
enfermedades metab61icasen la vida adulta.

EI desarrollo de obesidad materna, debido al aumento en el consumo de dietas
ricas en Iipidos y carbohidratos, tambien puede alterar otros parametros



metab61icos en la descendencia como son la distribuci6n de grasa corporal, la
lunci6n cardiovascular y el metabolismo de glucosa (23). En este trabajo se
plantea que dichas alteraciones tienen su origen en la programaci6n del balance
de energia ylo en la expresi6n de lactores de transcripci6n relacionados con la
regulaci6n del metabolismo de Iipidos.

Los estudios preliminares realizados con un modelo de obesidad han mostrado
aumento de tejido adiposo e incremento de las concentraciones sericas de
trigliceridos en las crias de madres alimentadas con dieta hipercal6rica en el
periodo perinatal, por 10que esperamos encontrar alteraciones a nivel bioquimico
y molecular en el tejido adiposo, higado y cerebro que permitan explicar el
mecanismo por el que se desencadenan los electos metab61icos de la
programaci6n del desarrollo en las crias.

En el presente trabajo se pretende estudiar mecanismos en el higado y el tejido
adiposo por 0 que el grupo intervenido nutricionalmente previa a la gestaci6n de la
rata con obesidad, previene los electos metab6licos adversos observados en las
crias en la vida postnatal. Dado que se ha reportado que los electos de la
programaci6n del desarrollo son dilerentes en las hembras y los machos (16,32),
nosotros esperamos que los electos de la intervenci6n nutricional sean dilerentes
en ambos sexos.

La obesidad materna genera cambios metab6licos en la progenie, el presente
trabajo pretende estudiar algunos de los mecanismos involucrados en estas
modificaciones metab61icas a nivel del higado y del tejido adiposo. 5e estudiaran
variables bioquimicas en el suero (Ieptina, insulina, etc), histol6gicas en el tejido
adiposo e higado, composici6n bioquimica del higado, estudios moleculares de la
expresi6n y Gantidad" de enzimas involucradas en el metabolismo de los lipidos.
Asi mismo se pretende estudiar las modificaciones de los parametros
anteriormente mencionados en las crias de madres obesas previamente
intervenidas. Dado que se ha reportado que los electos de la programaci6n del
desarrollo son dilerentes en las hembras y los machos (16,32), nosotros
esperamos que los electos de la intervenci6n nutricional sean dilerentes en ambos
sexos.

HIPOTESIS

La obesidac materna desencadena en la progenie cambios adversos en el
metabolismo de Iipidos de las crias.

La intervenci6n nutricional de la rata con obesidad previa a la gestaci6n, previene
parcial 0 totalmente, las alteraciones en el metabolismo de lipidos en higado y
tejido adiposo de las crias. Esto conlleva a la prevenci6n del desarrollo de
enlermedades metab61icasde la descendencia en la vida adulta.



OBJETIVOS GENERALES

Estudiar los efectos de la obesidad materna durante el periodo perinatal de la rata
en la programaci6n de des6rdenes metab61icos de Iipidos de las crias en la vida
adulta.

Estudiar los efectos de la intervenci6n nutricional de la obesidad materna previa al
periodo de gestaci6n de la rata para la programaci6n de des6rdenes en el
metabolismc de Iipidos en higado y tejido adiposo en las crias de ambos sexos.

OBJETIVOS PARTICULARES

Madres
Estudiar a la madre durante el crecimiento y la gestaci6n para poder esclarecer el
ambiente intrauterino metab61ico al que estaran sometidas las crias. Para esto se
determinara el peso corporal, la ingesta de alimento, prueba de tolerancia a la
glucosa y el perfil lipidico de las ratas madre previa y durante la gestaci6n y la
iactancia, asi como la composici6n corporal al termino de la lactancia.

Crias
Evaluar el registro de peso corporal y de ingesta de alimento de las crias en
diferentes etapas del desarrollo.

Analizar a la leptina en las crias neonatas y su correlaci6n con modificaciones en
el apetito, tejido adiposo y peso corporal.

Analizar la concentraci6n serica de leptina, insulina, glucosa y del perfil lipidico, asl
como la composici6n corporal de las crias en diferentes etapas del desarrollo.

Determinar 103 concentraci6n y nivel de expresi6n de los factores de transcripci6n
SREBP-1 y PPARa, asi como de las enzimas FAS y CPT en hfgado y PPARy en
tejido adiposo, de las madres y de las crias.

Comparar las diferencias de genero de los efectos metab6licos por el impacto de
la obesidad materna asi como de la intervenci6n nutricional previa a la gestaci6n
de la rata.



METODOLOGIA CIENTIFICA

Modelo biol6gico

Se utilizaran ratas hem bras albinas de la estirpe Wistar reciEln destetadas. Los
animales seran mantenidos en el bioterio del Instituto Nacional de Ciencias
Medicas y Nutrici6n SZ bajo condiciones controladas de luz-obscuridad (de 7:00 a
19:00 h), asi como de humedad relativa (75-80%) y temperatura (22-23°C). Todos
los procedimientos fueron previamente aprobados por el comile de elica de
experimentaci6n animal del INCMNSZ (ver archivos adjuntos). Cuando las ratas
alcancen entre 10 Y 12 semanas de edad, seran apareadas con machos y el dia
en el cual se observe la presencia de tap6n vaginal, se designara como el inicio de
la gestaci6n. Durante los diferenles liempos que dure el experimento, las ralas,
tanto las madres como las crfas seran pesadas diariamente.

Se utilizara una dieta comercial y otra semipurificada con diferente contenido
grasa: la dfeta control (C) con 5% de grasa y la dieta hiperlipidica (H) con 25% de
grasa. (Tabla 1). La dieta control utilizada es la recomendada por el Instituto
Americano de Nutrici6n para roedores en las fases de embarazo, lactancia y
crecimiento (33).

Tabla 1. Composici6n de las dietas experimentales

DIETA CONTROL
(%)

DIETA HIPERLIPIDICA
(%)

Case fa
L-Cistina
Colina
Vitaminas
Minerales
Celulosa
Aceite
Manteca de cerdo
Hidratos de carbono

Almid6n
Dexlrosa

20
0.3
0.165
1
5
5
7

33.24
33.24

4 Kcal/g dieta

20
0.3
0.165
1
5
5
7

20

23.62
23.62

5 Kcal/g dieta

Las ratas ge,tantes y lactantes seran pesadas todos los dias durante el embarazo
y hasta el destete. TambiEln la ingesta de alimento sera cuantificada todos los
dias. Las ratas naceran por parto natural. La distancia ano-genital al nacimiento
sera medida con regia Vernier para la determinaci6n del sexo. Nuestros datos (32)
indican que las crfas hembras al nacimiento tienen una distancia ana genital de
1.67 :t 0.128 mm (n=291 crfas de 43 diferentes camadas) y los machos 3.26 :t



0.22 mm (n'=252 crias de 43 camadas). De tal forma que 2.5 mm es mas de 2
SO's de la media de cada grupo. POI' tanto, el sexo sera determinado de acuerdo a
la distancia ano-genital > (machos) 0 < (hembras) 2.5 mm.
Para asegurar homogeneidad en el estudio, camadas de 10 a 14 crias seran
ajustadas al nacimiento a 10 crias por madre tratando de mantener una relaci6n
de sexo de 1:1.

Para cada experimento se iniciara el estudio con 10 ratas a preiiar para el grupo
control, 20 clel grupo intervenido y 20 de obesidad. Se utilizara este numero de
muestra torrando en cuenta las posibles ratas que seran excluidas del proyecto
por diversas razones como un numero de camada mayor de 14 0 menor de 10, 0
que no queden preiiadas. De acuerdo a nuestra experiencia en proyectos
anteriores, la tasa de ferlilidad de las ratas del Bioterio del INCMNSZ es del 80% y
de las ratas obesas del 40% por 10 que se espera que al menos 8 ratas queden
preiiadas pcr grupo y que al menos 6 puedan ser incluidas en el estudio, pOI' 10
que se estima que al finalizar el experimenlo quedara una "n" de 6-8 madres por
grupo.

Las diferentes dietas experimentales seran administradas a las ratas desde el
destete y en el embarazo y la lactancia quedando 3 grupos.

GRUPOS EXPERIMENTALES:

Madres
Se formaran tres grupos experimentales con base al consumo de las dietas
experimentales:
1. Grupo Control (MC): las ratas seran alimentadas con diela control a partir del

destete y durante la gestaci6n y la lactancia.
2. Grupo Hiperlipidico 0 madres con obesidad (MO): las ratas seran alimentadas

con dieta hiperlipidica desde el destete y durante la gestaci6n y la lactancia.
3. Grupo Intervenido nutricionalmente previa al embarazo (MI): las ratas seran

alimentadas con dieta hiperlipidica desde el destete y hasta un mes (90 dias
de edad) previa al apareamiento (120 dias). La alimentaci6n de las ratas sera
sustituida pOI' dieta control y continuaran con esta dieta durante la gestaci6n y
la lactancia.

Crias
AI destete todas las crias de los diferentes grupos experimenlales seran
alimentadas con dieta control hasta el momento del sacrificio. Las crias y la
ingesta de alimento seran pesadas lodos los dias hasta el termino del estudio.



GRUPOS EXPERIMENTALES

Grupo I. Madrcs Control (MC).
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Diseiio experimental

Variables experimentales a determinar en la linea de tiempo

Las variables experimentales a estudiar, tanto en ratas madres como en crias, son las

siguientes:

• Concentraci6n serica de insulina

• Concentraci6n serica de glucosa

• Concentraci6n serica de colesterol

• Concentraci6n serica de trigliceridos

• Concentraci6n serica de leptina

• Peso corporal

• Ingesta de alimento

• Peso del higado

• Peso de tejido adiposo

• Tamario de los adipocitos

• Prueba de tolerancia a la glucosa (PTG)

• Contenido de lipidos en la carcaza de los animales

• Contenido de proteina en la carcaza de los animales

• Concentraci6n y expresi6n de SREBP-1 en higado

• Concentraci6n y expresi6n de FAS en higado

• Concentraci6n y expresi6n de PPARa en higado

• Concentraci6n y expresi6n de CPT-1 en higado

• Concentraci6n y expresi6n de PPARy en tejido adiposo



Linea de tiem po
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Apareamiento de hembras

A los 120 dias de edad los Ires grupos experimenlales (MG, MO Y MI) seran
apareadas con machos (no incluidos previamenle en el esludio). Las ralas lendran



partos naturales. 5e obtendra el tamano de la camada y el peso corporal de las
crias al nacimiento. La distancia ano-genital se medira al nacimiento para la
determinacicn del sexo. Las camadas seran ajustadas a 10 crias/madre
manteniendo una relaci6n de 1:1 hembras:macho, en 10 posible. AI destete (dia
21) las crias seran divididas por sexo y acomodadas en diferentes cajas por grupo.

Prueba de to/eraneia a /a g/ueosa (PTG), euantifieacion seriea de leptina,
trig/ieeridos y co/estero/ a/ dia 19 de gestaeion (dG) en las ratas madres

Un experimento aparte sera realizado para el estudio de las PTG de las madres
hembras prenadas, de tal forma que el estres generado por las tomas de muestra
no afecte en los resultados obtenidos de las crias (n= 8 ratas gestantes por
grupo).
AI dia 18 de gestaci6n, las ratas seran puestas en ayuno durante la noche. AI dia
siguiente, un gramo/Kg de peso de D-Glucosa sera administrado via ip. 5e
utilizaran jeringas de insulina de 1mL. La sangre sera obtenida por punci6n retro-
orbital al tiempo 0, 30, 60 Y 120 min. La sangre sera colectada en tubos de
polietileno y centrifugada. EI suero obtenido sera almacenado a -20°C hasta el
momento de su uso. De la muestra basal se cuantificara las concentraciones de
glucosa, insulina (se calculara el indice de resistencia a la insulina), leptina y el
perfillipidico.

CRiAS

Las crias seran estudiadas
1) Nacirr iento: caracteristicas antropometricas.
2) Destete (21 d): peso, cuantificaci6n de grasa corporal, concentraciones

sericas de leptina.
3) Adultc' joven, 110 dias de edad: peso, ingesta de alimento, concentraciones

sericas de leptina, insulina glucosa, GTT, perfil Iipidico, composici6n
corporal y cuantificaciones de expresi6n en higado y tejido adiposo de
factores de transcripci6n relacionados can el metabolismo de Iipidos.
Medici6n del tamano de los adipocitos.

En cada edad de estudio (21 d Y 110 d) se utllizara por eamada una cria por
sexo por grupo/camada. De tener de 6 a 8 madres par grupo, se tendra un total
de 18 a 24 crias por cada sexo/edad. Este numero de animales ha sido
previamente manejado por nuestro grupo sin problema alguno, el bioterio del
Instituto nos ofrece las facilidades para experimentos a largo plazo.

Metod%gia utilizada para madres y erias.

Cuantifieaeion de /a ingesta de alimento.



Se pondran en la misma caja dos ratas del mismo grupo experimental y mismo
sexo. La comida se proveera en forma de galletas. Se pesara diariamente tanlo la
cantidad de comida que se proporcione cada dia as! como la parte restante
despues de 24 horas. La canlidad de alimento consumido sera promediado entre
las dos ratas, esle procedim!ento 10 hemos publicado previamenle (16).

Composicion quimica de las carcazas

Despues del sacrificio las ratas seran congeladas en pequenas bolsas de plastico
hasta su analisis. EI abdomen se abrira y las visceras seran removidas y
desechadas. Se pesara el animal, cantidad que sera designada como peso
humedo, despues se pondra a secar la carcasa a 60.C hasta peso constanle. EI
peso perdido se considerara como cantidad de agua en el cuerpo. La carcaza
seca sera molida y se realizaran alicuotas para la determinaci6n de la cantidad de
grasa por el metodo de Soxhlel (25) y la canlidad de nitr6geno tolal (proporcional a
la cantidad de proteina) por el metodo de Kjeldahl (25).

Analisis Bioquimicos

Cuantificacion de glucosa en sangre
Las concentraciones de glucosa
espectrofotomelricamente ulilizando el
(Beckman Coulter, Co Fullerton, CAl.

en suero seran determinadas
metodo enzimalico de la hexocinasa

Radioinmunoensayo de Insulina
Las concentraciones de insulina en suero seran determinadas por RIA utilizando
un estuche comercial de Linco Research INC #Cat RI-13K.

Cuantificaci6n de trigficeridos y colesterol
Las concentraciones de trigliceridos y coleslerol en suero se determinaran
enzimaticamente con el autoanalizador Sycnchron CX (Beckman coulter, Co,
Fullerton, CAl.

Radioinmunoensayo de Leptina
Las concentraciones de leptina en suero seran delerminadas por RIA ulilizando un
estuche comercial de Linco Research, Inc #Cat RL-83K.

Tamano de las celulas adiposas
Celulas adiposas provenientes de la zona gonadal seran fijadas como 10 describe
Etherthon et al. Brevemente, 100 a 150 mg de tejido adiposo gonadal sera cortado
y lavado a 37"C en 0.15 M de NaCI. Los cortes de tejido adiposo seran fijados en
tetr6xido de osmio al 3% en buffer de Colidina-HCI (50 mM, pH 7.4) por 72-96 h.
Las celulas fijadas seran lavadas en NaCI al 0 15 M por 24 h, se eliminara el tejido
conectivo incubando en 8 M de urea par 24-48h. EI tamano de las celulas sera
medido utiliZ3ndo un microscopic 6ptico.



Determinacion de Ja concentracion y expresion de SREBP-1, PPARa, PPARy,
FASyCPT
Posterior al sacrificio se congelara en nitr6geno liquido una porci6n de higado y
tejido adiposo. Para determinar la concentraci6n de SREBP-1, PPARa, PPARy,
FAS YCPT se utilizara el metodo de Western blot. Para determinar la expresi6n de
los genes se reafizara una extracci6n de RNA total de tejido adiposo e higado y se
cuantificara la concentraci6n relativa de RNAm de SREBP-1, PPARa, PPARy, FAS
y CPT por peR tiempo real.

Analisis estadistico

Para la prueba de fa tolerancia a la glucosa, el area bajo la curva sera calculada.
EI indice de resistencia a la insulina sera determinado con la f6rmula IRI = Glucosa
x Insulina / 22.5. Todos los datos seran expresados como la media :t EE. Se
realizara ANOVA de una via seguido de la prueba de Dunnett para la comparaci6n
entre los grupos y ANOVA de 2 vias para la determinaci6n de la interacci6n entre
sexo y grupos experimentales. La correlaci6n entre las diferentes variables
(concentraciones de leptina, ingesta de alimento, grasa y peso corporal) seran
calculadas utilizando fa Correlaci6n de Pearson; pSO.05 sera considerado como
significativo. En cada edad de estudio se utilizara por camada una cria por sexo
por grupo. De tener de 6 a 8 madres por grupo, se tendra un total de 18 a 24 crias
por cada sexo.
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