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Abstract
Background—Both maternal obesity and inflammatory bowel diseases (IBDs) are increasing. It
was hypothesized that maternal obesity induces an inflammatory response in the fetal large
intestine, predisposing offspring to IBDs.

Methods—Nonpregnant ewes were assigned to a control (Con, 100% of National Research
Council [NRC] recommendations) or obesogenic (OB, 150% of NRC) diet from 60 days before
conception. The large intestine was sampled from fetuses at 135 days (term 150 days) after
conception and from offspring lambs at 22.5 ± 0.5 months of age.

Results—Maternal obesity enhanced mRNA expression tumor necrosis factor (TNF)α,
interleukin (IL)1α, IL1β, IL6, IL8, and monocyte/macrophage chemotactic protein-1 (MCP1), as
well as macrophage markers, CD11b, CD14, and CD68 in fetal gut. mRNA expression of Toll-
like receptor (TLR) 2 and TLR4 was increased in OB versus Con fetuses; correspondingly,
inflammatory NF-κB and JNK signaling pathways were also upregulated. Both mRNA expression
and protein content of transforming growth factor (TGF) β was increased. The IL-17A mRNA
expression and protein content was higher in OB compared to Con samples, which was associated
with fibrosis in the large intestine of OB fetuses. Similar inflammatory responses and enhanced
fibrosis were detected in OB compared to Con offspring.

Conclusions—Maternal obesity induced inflammation and enhanced expression of
proinflammatory cytokines in fetal and offspring large intestine, which correlated with increased
TGFβ and IL17 expression. These data show that maternal obesity may predispose offspring gut to
IBDs.
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Obesity has become a serious problem in the United States, affecting around one-third of the
total population.1 According to the National Health and Nutrition Examination Survey
(1999–2002), 29% of nonpregnant women between 20–39 years of age are obese and there
is a continuing rapid increase in obesity. Maternal obesity (MO) negatively affects maternal
health and fetal development that can result in harmful, persistent effects in offspring.2–4

Inflammatory disorders of intestine, including pediatric Crohn’s disease (CD), is also
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increasing.5–8 MO is associated with low-grade fetal inflammation.9 Since the
gastrointestinal (GI) tract is a major immune organ, we hypothesize that MO leads to
inflammation in fetal GI, which has a persistent effect on offspring gut raising the possibility
of inflammatory bowel diseases (IBDs).

Sheep have been extensively used as a model for human pregnancy studies.10–15 As a
precocial species such as humans, sheep pregnancy studies provide power for translation to
human pregnancy, which is in contrast to altricial species such as rodents.16,17 The intestinal
mucosal immune system develops around midgestation in sheep and humans.18 Lymphoid
follicles are lymphoid tissues distributed along the large intestine. In the small intestine,
lymphoid follicles aggregate to form Peyer’s patches. Lymphoid follicles and Peyer’s
patches are key sites for the mucosal immune response in the GI tract. T-lymphocytes are
activated in lymphoid follicles and then differentiate into T-helper (Th) 1 cells responsible
for the cell-mediated response, or Th2 cells which mediate humoral immune responses.19 At
the same time in gestation, a group of T cells differentiate into regulatory T cells (Tregs),
which mediate overall immune responses.20 Recently, a new population of T cells,
proinflammatory Th17 cells, has been identified, which are involved in intestinal
inflammation and are associated with the development of CD.21 Transforming growth factor
(TGF) β promotes differentiation of Th17 cells.22 Therefore, we hypothesize that MO
induces an inflammatory response in the fetal large intestine which activates TGF-β and
Th17 differentiation, predisposing offspring gut to IBDs. Using the pregnant sheep model,
we investigated the impact of MO on the inflammation in the fetal large intestine in late
gestation and offspring gut. Our data showed that MO upregulates the expression of
inflammation cytokines and Toll-like receptors (TLR), and nuclear factor kappa B (NF-κB)
and c-Jun N-terminal kinase (JNK) pathways, as well as the TGFβ pathway and Th17
differentiation in the large intestine of fetuses of obese mothers, which elicited persistent
effects on offspring gut.

MATERIALS AND METHODS
Care and Use of Animals

All animal procedures were approved by the University of Wyoming Animal Care and Use
Committee. Multiparous Rambouillet/Columbia ewes were studied. Ewes were all mated to
a single ram. From 60 days before conception to day 135 of gestation (first day of mating =
d0), ewes were individually fed either a highly palatable diet at 100% (Con) of National
Research Council (NRC) recommendations for energy23 (n = 20), or 150% (OB) of
recommended energy requirements for early gestation (n = 20), as previously reported.24,25

Ewes were housed in individual pens in a temperature-controlled room (≈20°C). All ewes
were weighed at weekly intervals and rations were adjusted for weekly changes in metabolic
body weight (BW0.75).26,27 Body condition was scored at monthly intervals to evaluate
changes in fatness. A body condition score of 1 (emaciated) to 9 (obese) was assigned by
two trained observers after palpation of the transverse and vertical processes of the lumbar
vertebrae (L2 through L5) and the region around the tail head.28 Ewes carrying twin fetuses
were utilized in the d135 fetal study. Ewes carrying singleton fetuses were allowed to lamb
and male offspring from Con ewes (n = 6) and OB ewes (n = 6) were randomly selected for
further study. Lambs were given free access to a standard commercially available creep feed
(Lamb Creep B30 w/Bovatec; Ranch-way Feeds, Ft. Collins, CO) from birth to weaning. At
120 ± 3 days of age lambs were weaned, maintained together, and fed a diet of high-quality
alfalfa hay and corn to NRC requirements till 19.5 ± 0.5 months of age, followed by a 12-
week ad libitum feeding before necropsy at 22.5 ± 0.5 months of age. The detailed feeding
regimen has been described previously.29

Yan et al. Page 2

Inflamm Bowel Dis. Author manuscript; available in PMC 2012 July 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Tissue Collection
Immediately before necropsy on d135 of gestation (Term 150 days), ewes were weighed and
sedated with intravenous ketamine (22.2 mg/kg) and anesthesia was maintained by
isoflurane inhalation (0.5%–2.5%). Ewes were exsanguinated via heart puncture while under
general anesthesia and fetuses quickly removed. The fetus was then weighed, eviscerated,
and weighed again. Four twin pregnancies in each group were selected. Fetal gender was
balanced between treatment groups (7 male fetuses and 1 female fetus in each group). Fetal
large intestine (the complete spiral region ≈15 cm long) was collected. The middle segment
(≈2 cm) of the spiral region was placed in a tissue cassette (Tissue Tek, Miles Labs, Elkhart,
IN) and fixed with 4% (w/v) paraformaldehyde in a phosphate buffer (0.12 M PBS; pH 7.4)
and paraffin-embedded for histochemical analyses. The rest of segments were cut open to
remove the contents, washed in PBS buffer, and frozen in liquid nitrogen for Western
blotting and real-time quantitative polymerase chain reaction (PCR) analyses.

At 22.5 ± 0.5 months of age, male offspring were euthanized and the large intestine (the
middle portion of spiral region ≈8 cm long) was sampled and utilized for biochemical
analyses.

Antibodies
Antibodies against phos-SAPK/JNK (Thr183/Tyr185) (Cat. No. 9251), SAPK/JNK (Cat.
No. 9252), phos-c-Jun (Ser63) (Cat. No. 9261), phos-c-Jun (Ser73) (Cat. No. 9164), c-Jun
(60A8) (Cat. No. 9165), phos-IKKα/β (Ser176/180) (Cat. No. 2697), IκBα (Cat. No. 4814),
phos-IκBα (Cat. No. 2859), phos-NF-kB p65 (Ser536) (Cat. No. 3033) and NF-kB p65 (Cat.
No. 4764), TGFβ (Cat. No. 3709), and TNFα (Cat. No. 3707) were purchased from Cell
Signaling (Danvers, MA). Anti-IL17 (Cat. No. sc-6076) antibody was purchased from Santa
Cruz Biotechnology (Santa Cruz, CA). Anti-β-tubulin (Cat. No. T4026) antibody was
purchased from Sigma (St. Louis, MO). IRDye 800CW goat antirabbit secondary antibody
and IRDye 680 goat antimouse secondary antibody were purchased from LI-COR
Biosciences (Lincoln, NE).

Histochemical Analyses
The middle portion of the spiral region of the fetal large intestine was fixed in 4% (w/v)
paraformaldehyde in phosphate buffer (0.12 M; pH 7.4), embedded in paraffin, and
sectioned at 5 μm. Twelve 5-μm sections evenly spaced over a 450-μm area of each large
intestine were evaluated for collagen content. Sections were rehydrated by a series of
incubations in xylene and ethanol solutions, then stained with Masson Trichrome stain30

which stains smooth muscle cells red, nuclei black, and collagen blue. Six fields per sample
were randomly selected for quantification of collagen/total area ratio using the ImageJ 1.30v
software (National Institutes of Health, Bethesda, MD). In addition, the thickness of the
intestinal wall was also measured using the ImageJ 1.30v software and expressed as the
relative thickness versus Con group.

Collagen Content Analyses
Intestine samples were ground and dried in a convection oven at 60°C and the samples were
weighed and hydrolyzed in 6 N HCl at 105°C for 16 hours. An aliquot was removed for
hydroxyproline determination using the method of Woessner.31 Collagen concentration (mg/
mg dry sample weight) was calculated assuming collagen weighs 7.25 times the measured
weight of hydroxyproline.
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Real-Time Quantitative PCR (qRT-PCR)
Total RNA was extracted using Trizol Reagent (Sigma), treated with DNase I (Qiagen,
Valencia, CA), and purified with the RNeasy Mini kit (Qiagen). cDNA was synthesized
with the SuperScript III first-strand synthesis kit (Invitrogen, Carlsbad, CA). Real-time qRT-
PCR was conducted on a Bio-Rad Laboratories (Hercules, CA) iQ5 machine. Primers used
were synthesized by Invitrogen. β-Tubulin was used as the housekeeping gene. Primer
sequences are listed in Table 1. Sybr Green Master Mix (Bio-Rad) was used in all PCR
reactions (20 μL total volume). The final primer concentration was 200 nM for each gene.
The amplification efficiency was 0.90–0.99. The qRT-PCR conditions were 95°C, 3
minutes; 35 cycles of 95°C for 10 seconds, 56°C for 20 seconds, and 72°C for 20 seconds.
At the end of each run, dissociation melt curves were obtained to confirm the purity of PCR
product.

Immunoblotting Analysis
Immunoblot analysis was conducted according to the procedures previously described.24,32

Membranes were visualized by Odyssey Infrared Imaging System (LI-COR Biosciences).
Density of bands was quantified and then normalized with reference to the β-tubulin content.

Statistical Analysis
Statistical analyses were conducted as previously described in this model.24,32,33 Briefly,
each fetus was considered an experimental unit. Data were analyzed as a complete
randomized design using GLM (General Linear Model of Statistical Analysis System, SAS,
Cary, NC, 2000). Mean ± standard errors of mean (SEM) are reported. Statistical
significance is considered at P < 0.05.

RESULTS
Animal Weight

Before assignment to dietary treatments, there was no difference in body weight or body
condition score among the ewes, while at the end of the treatment period both maternal body
weight and body condition score were higher in OB than Con groups (P < 0.05), indicating
that excessive nutrition had resulted in MO (Table 2).

Inflammatory Cytokine and Chemokine Expression in Fetal Intestine
RT-PCR results showed a higher expression of interleukin (IL)-1α mRNA (51.9 ± 16.4%, P
< 0.05) and a trend of increase for IL-1β mRNA (44.0 ± 14.5%, P = 0.06) (Fig. 1A). mRNA
expression of TNF-α increased by 79.5 ± 33.3% (P < 0.05) (Fig. 1B), and the protein
content of TNF-α increased by 23.0 ± 8.9% (P < 0.05) (Fig. 1C). IL-6 mRNA was also
markedly increased (140.9 ± 29.3%, P < 0.01) in the large intestine of fetuses from OB
compared to Con mothers (Fig. 1B).

In addition, mRNA for monocyte activation marker cluster of differentiation (CD)11b (98.5
± 41.7% higher, P < 0.05) and macrophage differentiation and maturation markers CD14
(68.8 ± 16.9% higher, P < 0.01) and CD68 (227.0 ± 52.3% higher, P < 0.01) were all
increased in the fetal large intestine of OB sheep (Supporting Fig. 1A). Consistently, the
mRNA expression of IL-8 was dramatically increased in the fetal large intestine of OB
sheep (90.5 ± 22.4% higher, P < 0.01), while mRNA level of monocyte chemotactic
protein-1 (MCP-1) tended to increase (37.7 ± 12.7%, P = 0.06) (Supporting Information Fig.
1B).
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Inflammation Signaling in Fetal Large Intestine
Expression of mRNA for the pattern recognition receptors (PRRs), TLR2 and TLR4 was
increased by 62.7 ± 23.4% (P < 0.05) and 45.5 ± 6.9% (P < 0.01), respectively, in OB
compared to Con fetuses (Fig. 2). Western blotting further indicated that IKKβ
phosphorylation was increased in the OB compared to Con fetal intestine (51.6 ± 12.6%, P <
0.05) (Fig. 3A). The phosphorylation of NF-κB subunit p65 increased by 37.2 ± 8.7% (P <
0.05) (Fig. 3C). There was a trend of decrease in IκB α total protein content (17.1 ± 5.5%, P
= 0.05), but no significant increase in the phosphorylation of IκBα (Fig. 3B) in the OB fetal
large intestine.

Phosphorylation of JNK (Thr183/Tyr185) was increased by 80.7 ± 24.6% (P < 0.05)
(Supporting Fig. 2A), and its downstream target phos-c-Jun at Ser63 (P < 0.05) and Ser73
(P = 0.05) sites was increased by 41.1 ± 18.4% and 47.9 ± 14.3%, respectively, in the OB
fetal large intestine (Supporting Information Fig. 2B).

TGF-β and Fibrosis in Fetal Large Intestine
Both mRNA (Fig. 4A, P < 0.05) and protein (Fig. 4B, P < 0.05) content of TGF-β were
increased in OB compared to Con fetal intestine, and the mRNA expression and protein
content of IL-17, a cytokine marker of Th17 cells, was higher in OB compared to Con fetal
large intestine (Fig. 4C, D).

TGFβ is known to induce fibrogenesis. Using Trichrome staining, a higher collagen content
and infiltration was observed in the OB group (Fig. 5). A greater collagen/total area ratio
was observed in OB (38.9 ± 19.0%, P < 0.05) compared to Con fetal intestine (Fig. 5E). In
addition, the intestinal wall was thicker in the fetal intestine of OB compared to that of Con
ewes (Fig. 5F). The collagen content was also higher in OB compared to Con fetuses (Fig.
5G).

Inflammation and Fibrosis Were Detected in the Large Intestine of OB Offspring
The mRNA expression of inflammatory cytokines, IL1α, IL1β, and TNFα, was enhanced in
the large intestine of OB offspring (Fig. 6A,B); the mRNA expression of TLR2 and TLR4
was also enhanced (Fig. 6C). Consistently, phosphorylation of NF-κB subunit p65 was also
higher in OB compared to Con offspring gut, showing an inflammatory response (Fig. 6D).

As observed in the fetal intestine, the mRNA expression and protein content of both TGFβ
and IL17 were also enhanced in OB compared to Con offspring gut (Fig. 7A,B). Further, the
content of collagen was higher in OB offspring gut (Fig. 7C).

DISCUSSION
Importance of the Fetal Stages of Mucosal Immune System Development

The intestinal immune system develops during fetal life and matures following exposure to
microflora after birth.18 The lymphoid tissues developed in the fetal intestine include
lymphoid follicles along the large intestine and Peyer’s patches in the small intestine. T-
lymphocytes are crucial for immune responses and their differentiation from naïve T-
lymphocytes is actively proceeding in the fetal intestine. There are four major populations of
differentiated T-lymphocytes, Th1, Th2, and Treg, as well as the recently identified Th17
cells.22 Th1 cells are mainly involved in cell-mediated responses while Th2 cells mediate
the humoral immune response.19 Differentiation of Th1 and Th2 is largely mediated by the
presence/absence of proinflammatory cytokines.34–36 Both Th1 and Th2 activation have
been linked to IBDs.37,38 Recent studies indicate the importance of Treg and Th17 in the
development of IBDs. Treg suppresses both Th1 and Th2 activation, thereby exerting a
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regulatory effect on immune responses.39 Th17 cells are a recently identified distinct
population of inflammatory T-cells proven to be crucial for the development of IBDs.40 The
differentiation of Th17 cells is driven by TGFβ and the inflammatory cytokine, IL6.20 In
addition, Treg cells convert into Th17 cells in the presence of inflammation.41 Therefore, the
presence of an inflammatory response can influence differentiation of T-cells, resulting in
Th17 dominance with the potential predisposition of the intestine to IBDs. This sequence of
changes suggests a possible association of the inflammatory response we have seen in fetal
and offspring gut of obese mothers, and the surge in IBDs in recent years.6–8

Inflammation in the Fetal Large Intestine of Obese Mothers
Toll-like receptors belong to a family of pattern recognition receptors that play an important
role in inducing inflammation.42 NF-κB is an important downstream mediator of TLR2 and
TLR4-induced inflammatory response.43 In the quiescent state, NF-κB binds to IκB. When
signals through TLRs activate the IKKs, IKKα, and IKKβ, they phosphorylate IκB resulting
in degradation of these inhibitors. This process releases NF-κB from IκB and allows the
translocation of NF-κB to the nucleus where it activates transcription of specific genes.44 In
this study, mRNA expression of TLR2 and TLR4, and the NF-κB pathway was enhanced in
the OB fetuses and offspring, indicating the presence of an inflammatory response.

Inflammation is accompanied by increased expression of inflammatory cytokines. We
observed a higher expression of inflammatory cytokines in the large intestine of fetuses and
offspring of obese sheep, including a dramatic increase in IL6, which is necessary for the
Th17 differentiation.20 Macrophages, upon activation, are the main source of
proinflammatory cytokines.45 Therefore, we further analyzed the mRNA expression of
macrophage markers, CD11b, CD14, and CD68, which were all upregulated in the OB
group. In addition, IL8, a chemokine responsible for recruiting macrophages to a site of
infection, was also more abundant in the OB fetal large intestine compared to Con intestine.
Altogether, these results suggest that MO induced inflammatory response in the fetal large
intestine of OB sheep which demonstrated persistent effects on OB offspring gut.

Enhancement of TGFβ and fibrosis in OB Fetal Large Intestine
TGFβ regulates the differentiation of naïve T-cells via promotion of Th17 differentiation.46

In this study we observed that TGFβ protein content and mRNA expression were both
increased in OB fetal large intestine, in combination with a dramatically higher level of IL6
and inflammation which should lead to increased Th17 differentiation. Indeed, both mRNA
expression and protein content of the cytokine marker of Th17, IL17, was much higher in
the OB fetal intestine. We also observed the increased IL17 mRNA and protein content in
offspring OB gut. These data demonstrated that MO enhances Th17 differentiation, which
might partially explain the surge in IBDs in recent years in developed countries in which
there has been a surge in maternal obesity.6–8

Intestinal strictures are commonly found in IBDs, such as CD, which is associated with
deposition of collagen.47 TGFβ induces fibrogenesis and accumulation of collagen in the
deeper layers of the gut.48 As reported above, we observed collagen infiltration and
accumulation in the fetal and offspring large intestine of OB sheep.

In conclusion, our findings demonstrate that MO stimulates production of inflammatory
cytokines and enhanced inflammation signaling in the late gestation fetal large intestine,
accompanied by increased TGFβ expression and fibrosis in the fetal gut. TGFβ in
combination with inflammatory cytokines such as IL6 drives naïve T-cell differentiation to
Th17 cells, which further promotes inflammation. In addition, we observed that
inflammation persists in the OB offspring gut, which may predispose offspring gut to IBDs.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1.
mRNA expression of inflammatory cytokines in the d135 fetal large intestine of control
(Con□) and obese (OB■) sheep. (A) mRNA expression of IL1α and IL1β. (B) mRNA
expression of TNFα and IL6. (C) Protein content of TNFα (mean ± SEM; *P<0.05;
**P<0.01; †: P < 0.10; n = 8 in each group).
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FIGURE 2.
TLR2 and TLR4 mRNA content in the d135 fetal large intestine of Con (□) and OB (■)
sheep (mean ± SEM; *P < 0.05; **P < 0.01; n = 8 in each group).
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FIGURE 3.
NF-κB inflammatory signaling pathway in d135 fetal large intestine of Con (□) and OB (■)
sheep. (A) IKKβ and phospho-IKKβ content. (B) Inhibitor of κB and the phosphorylation of
Inhibitor of κB. (C) NF-κB subunit p65 and phospho-p65 content (mean ± SEM; *P < 0.05;
†: P < 0.10; n = 8 in each group).
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FIGURE 4.
TGFβ and IL17 mRNA and protein content in d135 fetal large intestine of Con (□) and OB
(■) sheep. (A) TGFβ mRNA expression. (B) TGFβ protein content. (C) IL17 mRNA
expression. (D: IL17 protein content (Mean ± SEM; *P < 0.05; n = 8 in each group).
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FIGURE 5.
Masson Trichrome Staining for the d135 fetal large intestine of Con (□) and OB (■) sheep.
(A) Large intestine of Con sheep at 40 × magnification. (B) Large intestine of OB sheep at
40 × magnification. (C) Large intestine of Con sheep at 100 × magnification. (D) Large
intestine of OB sheep at 100 × magnification. (E) Relative collage content measured as the
ratio of collagen/total area. (F) Relative wall thickness of intestine. (G) The content of
collagen (mean ± SEM; *P < 0.05; n = 8 in each group). [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]
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FIGURE 6.
The expression of inflammatory cytokines, TLR2 and TLR4, and activation of inflammatory
signaling in the offspring large intestine of Con (□) and OB (■) sheep. (A) IL1 mRNA
expression. (B) TNFα mRNA expression. (C) TLR2 and TLR4 mRNA expression. (D) p65
and phospho-p65 content (mean ± SEM; *P < 0.05; †P < 0.1; n = 6 in each group).
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FIGURE 7.
TGFβ and IL17 expression, and collagen content in offspring large intestine of Con (□) and
OB (■) sheep. (A) TGFβ mRNA expression and protein content. (B) IL17 mRNA
expression and protein content. (C) Collagen content (mean ± SEM; *P < 0.05; n = 6 in each
group).
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TABLE 1

Primer Sets Used for Real-time RT-PCR

Gene Name Product Size Direction Sequence

CD11b 80bp Forward:
Reverse:

GTCATTGGGGTGGGAGATG
TCAGCAGGGGGCTTAGATG

CD14 98bp Forward:
Reverse:

CTCAGCGTGCTTGATCTCAG
AAGGGATTTCCGTCCAGAGT

CD68 144bp Forward:
Reverse:

CAGGGGACAGGGAATGACT
CCAAGTGGTGGTTCTGTGG

IL1α 93bp Forward:
Reverse:

GTGCTCAAAATGAAGACGAACC
CCCAGAAGAAGAGGAGATTGGT

IL1β 85bp Forward:
Reverse:

CGTCTTCCTGGGACGTTTTAG
CTGCGTATGGCTTCTTTAGGG

IL6 116bp Forward:
Reverse:

TCATCCTGAGAAGCCTTGAGA
TTTCTGACCAGAGGAGGGAAT

IL8 132bp Forward:
Reverse:

GCTGGCTGTTGCTCTCTTG
AATTTGGGGTGGAAAGGTG

IL17A 111bp Forward:
Reverse:

TGCTACTGCTTCTGAGTCTGGTGGC
TGACCCTCACATGCTGTGGGAAGTT

MCP1 133bp Forward:
Reverse:

CCAGCAGCAAGTGTCCTAAAG
GGCTTTGGAGTTTGGTTTTTC

TGFβ 149bp Forward:
Reverse:

AAAAGAACTGCTGTGTTCGTCA
GACCTTGCTGTACTGTGTGTCC

TLR2 102bp Forward:
Reverse:

CAAGAGGAAGCCCAGGAAG
TGGACCATGAGGTTCTCCA

TLR4 149bp Forward:
Reverse:

TGCTGGCTGCAAAAAGTATG
CCCTGTAGTGAAGGCAGAGC

TNFα 103bp Forward:
Reverse:

ACACCATGAGCACCAAAAGC
AGGCACAAGCAACTTCTGGA

β-tubulin 141bp Forward:
Reverse:

CGAGAGCTGTGACTGTCTGC
GGCATGACGCTAAAGGTGTT
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TABLE 2

Maternal and Fetal Body Weight of Control and Obese Sheep

Category Con OB Significance

Maternal

At the beginning of treatments

 Body condition score 5.5 ± 0.3 5.9 ± 0.3 NS

 Body weight (kg) 75.7 ± 7.3 65.1 ± 4.7 NS

At the end of treatments

 Body condition score 6.1 ± 0.4 8.5 ± 0.4 P < 0.05

 Body weight (kg) 90.4 ± 7.7 107.6 ± 7.1 P < 0.05

Fetal

 Body weight (g) 5180.3 ± 232.4 4977.1 ± 268.5 NS

Means ± SEM. n = 8. control (Con) and obese (OB) ewes.
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