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 The maternal nutritional status during pregnancy and even before conception may 
lead to cardiovascular risk in luminal diameters. In present study, effects of 
maternal under-nutrition on the wall thickness, wall thickness to luminal diameter 
ratio and related parameters of coronary arterioles of sheep fetuses were 
investigated. One group was raised on high diet and the other on low maintenance 
diet. The tissue samples were taken from ventricular myocardium, fixed in neutral 
buffered formaldehyde solution and processed by using paraffin tissue preparation 
techniques. Round arterioles were selected from different microscopic fields of the 
prepared tissue sections. The coronary arterioles were measured with image 
analysis software, Image J®. Live weight of well-nourished sheep (68.7±3.67 kg) 
and birth weight of lambs (6.55±0.43 kg) was significantly increased as compared 
to undernourished sheep (56.8±3.04 kg) and lambs (5.85±0.65 kg), respectively. 
Intima media thickness (IMT) of coronary arterioles was significantly higher in 
undernourished sheep fetuses (11.51±0.54 µm) than well-nourished sheep fetuses 
(10.21±0.64 µm). IMT to luminal diameter ratio was also significantly higher in 
undernourished group fetuses (0.59±0.08 µm) than well-nourished group fetuses 
(0.35±0.12 µm). However, perimeter of coronary arterioles was significantly 
reduced in fetuses of undernourished sheep (124.22±7.38 µm) than fetuses 
(153.10±7.38 µm) obtained from well-nourished sheep. The results revealed that 
maternal under-nutrition increases the IMT and decreases the diameter and 
perimeter of coronary arterioles in sheep fetuses. 
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INTRODUCTION 

 
Cardiovascular diseases (CVDs) are one of the major 

causes of mankind mortalities. The nutritional and 
different environmental factors during pregnancy and 
even prior to conception contribute to cardiovascular risks 
and impaired tissue growth (Torrens et al., 2009; Tao and 
Dahl, 2013). Among the various CVDs, coronary artery 
disease (CAD) is responsible for atherosclerosis. Studies 
upon the carotid and aortic arteries have shown that 
thickness of tunica intima and tunica media/intima media 
thickness (IMT) can help predicting the risk of CVDs 
(Koklu et al., 2007; Painter et al., 2007). Epidemiological 
studies have also shown links between impaired maternal 
nutrition and compromised fetal growth to increase the 
incidence of cardiovascular diseases in adulthood and late 
stages of life (Cormac, 2012) supporting the DoHAD 
(Developmental origins of health and disease) concept 
regarding the fetal origin of various diseases.  

The coronary arteries are thick muscular arteries, 
responsible to supply heart. Walls of these arteries, like 
the elastic arteries are formed by three main layers: tunica 
intima/interna, tunica media and tunica externa. In human 
coronary arteries (during adult life), the combined 
thickness of intima and media ranges from 0.21-1.20 mm. 
The tunica intima comprises a thickness range of 0.10-
0.89 mm (Kume et al., 2005), while individual thickness 
of tunica media has not been reported. Values of coronary 
IMT have not been reported in many other species. The 
arterioles have a tunica intima, like arteries, with an 
endothelium, a thin subendothelial layer (absent in 
smallest arterioles) and an internal elastic membrane 
(disappears in the smallest arterioles). Contrary to arteries, 
arterioles contain only 1-3 layers of smooth muscle cells, 
while external elastic membrane may be absent (Eurell 
and Frappier, 2006). 

Adequate maternal nutrition is critical for the proper 
fetal growth and development (Blackmore et al., 2012; 
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Lloyd et al., 2012; Sami et al., 2013). Epidemiological 
studies have shown links between impaired maternal 
nutrition and compromised fetal growth with increased 
incidence of cardiovascular diseases in adulthood (Gruber 
et al., 2012). In rats, maternal under-nutrition in 
pregnancy has been linked with high blood pressure in the 
resistance arteries of the offspring and the thermogenic 
capacity (Torrens et al., 2006; Lanham et al., 2012; Lie et 
al., 2013). It has also been found that maternal under-
nutrition influences IMT of the aortic and carotid arterial 
walls (Painter, 2006; Skilton et al., 2006; Herrera et al., 
2012). Moreover, IMT of arterial wall has been found 
crucial in determining the susceptibility to CVDs. 
However, no report is available in accessible literature 
about the effects of maternal under-nutrition on coronary 
IMT. Also that small resistance artery structure has been 
found as an independent predictor of cardiovascular 
disease (Mathiassen et al., 2007). Therefore, in the present 
study, effect of maternal under-nutrition on coronary 
arteriolar IMT, perimeter, vascular diameter, luminal 
diameter and IMT; luminal diameter ratio was determined. 
 

MATERIALS AND METHODS 
 

The present study was conducted to determine the 
effects of maternal under-nutrition of offspring of sheep. 
For this purpose estrus synchronization of randomly 
selected ewes (n= 20) was carried out from a commercial 
flock of 2,900 Romney ewes. The ewes were bred using 
semen from one of four Suffolk rams of similar size. The 
20 small ewes having single pregnancy (transabdominal 
ultrasonographic examination) at 50 days post-
insemination were separated. From day 21 post-
insemination, the ewes were randomly kept in two 
different groups. In one group the ewes were maintained 
on high (H) nutritional regimens and the other on low 
nutritional regimens. The sheep kept in high (H) 
nutritional regimens were offered clover (high energy 
value) and the ryegrass (low nutritive value) was offered 
to low nutritional regimens until 140 days of pregnancy. 
The clover being higher in nutrient contents was preferred 
than the ryegrass (Van Dorland et al., 2007). The ewes of 
high nutritional regimens were also provided 14 million 
Joules metabolizeable energy and 10% proteins per head 
per day (MJ ME/head/day). However, the sheep of poor 
nutritional regimens got only 11 MJ ME/head/day (Wagg, 
2008). At day 140 of pregnancy, these 20 singleton-
bearing ewes were weighed and then euthanized to collect 
the fetuses. The born lambs were also weighed and their 
hearts were collected for further investigation (Firth et al., 
2008). 

Prior to sampling nitroglycerine (vasodilator) was 
injected at a physiological pressure into the coronary 
arteries to keep them in a maximal state of dilation. The 
hearts were collected from the fetuses of two groups and 
weighed. The tissues were collected from ventricular 
myocardium and fixed in neutral buffered formaldehyde 
within half an hour after killing the fetus. The fixed 
tissues were processed by using the paraffin tissue 
preparation techniques. Sections were cut and stained with 
hematoxylin and eosin stain (Qureshi et al., 2013). For 
histological analysis 100 round arterioles (50 from each 
group, five per fetus) were selected randomly from 

different microscopic fields of the each tissue and their 
images were captured with Ziess Axiophot photo-
microscope. Arterioles were differentiated from small 
coronary arteries by the number of smooth muscle layers 
in tunica media (1-3 layers of smooth muscle cells in 
arterioles) (Eurell and Frappier, 2006). To reduce the error 
margin only circular sections were selected. The 
measurements of coronary arterioles were made with 
image analysis software, Image J, version 1.41 (Rasband, 
2008). The luminal perimeter and vascular perimeter was 
directly measured with Image J using automatic edge 
detection. For statistical analysis the mean values of the 
all the parameters of each animal were subjected to 
statistical analysis. Live ewe weights, fetal body weights 
and absolute heart weights of the two groups were 
compared by student T-test. 

 
RESULTS 

 
The birth weights of the fetuses and live weights of 

sheep kept on higher nutritional regimens (Group H) were 
significantly increased than the ewes which were 
maintained on low nutritional regimens (Group L)  
indicating the clear impact of under-nutrition. Absolute 
heart weights of fetuses obtained from group H were 
higher than those of group L. However, the difference was 
statistically non-significant. The results showed 
significant statistical difference for luminal diameter of 
arterioles between the two groups (Table 1). In group H 
arterioles of the fetuses had more than 38% larger luminal 
diameter than the fetuses of group L. Also the arterioles in 
group H fetuses were more than 38% larger in luminal 
perimeter than group L. 

The coronary arterioles in group H had significantly 
larger vascular perimeter than that of group L. The results 
revealed that vascular perimeter of arterioles in group H 
was about 18% larger than those of group L. The mean 
vascular diameter arterioles of group H was also 
significantly larger (<18%) than arterioles of group L 
(Table 1).  

There was a significant difference between the IMT 
(Fig. 1 and 2) of two groups (Table 1). Mean value of 
IMT of group L was 11% higher than of group H. The 
IMT: luminal diameter ratio also significantly different 
between the two groups, was in the fetuses of group L 
than those of group H (Table 1). 

 
DISCUSSION 

 
The live weight of ewes and birth weight of fetuses 

were significantly higher in well-nourished animals when 
compared to the fetuses of undernourished animals. 
However, heart weight of fetuses of well-nourished and 
undernourished sheep was not significantly different from 
each other. The decreased weight of ewes and birth 
weight of fetuses in present experimental study could be 
due to effect of maternal under-nutrition on fetal growth. 
Similar findings have already been reported in different 
animals (Blackmore et al., 2012; Liu et al., 2013). The 
lower body weight and organ weight due to poor nutrition 
has also been reported (Gruber et al., 2012). The results 
showed that the IMT of coronary arterioles was significantly 
higher  in  under-nourished  fetuses  (11.51±0.54 µm) than  
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Fig. 1: Light micrograph showing IMT, luminal diameter of arterioles 
and a venule. 200X; H & E 
 

 
 
Fig. 2: A light micrograph of myocardium showing arterioles. Stain 
H&E, 200X 
 
Table 1: The heart weight, birth weight of lambs born and live weight 
of singleton bearing small ewes (after parturition) with two different 
nutritional statuses 
Parameter Units Fetuses from P 

value High  
nutritional 
regimen 

Low  
nutritional 
regimen 

Absolute heart weight g   50.8±5.8   43.6±6.6 0.053 
Birth weight of lambs kg     6.55±0.43     5.85±0.65 0.007 
Live weight of sheep  kg     68.7±3.67     56.8±3.04 0.001 
Luminal Diameter  µm   26.96±1.92   16.54±1.92 0.002 
Intima Media Thickness (IMT) µm   10.21±0.64   11.51±0.54 0.045 
IMT: luminal diameter ratio      0.35±0.12     0.59±0.08 0.001 
Luminal perimeter  µm   84.65±6.04   51.94±6.04 0.002 
Vascular Perimeter  µm 153.10±7.38 124.22±7.38 0.001 
Vascular Diameter  µm   48.76±2.35   39.56±2.35 0.001 

 
well-nourished fetuses (10.21±0.64 µm) in the present 
study. Previously it has been reported that sustained 
hypertension results an increased wall to lumen ratio 
(IMT) in small resistance arteries. Studies on various 
effects such as atherosclerotic lesions in the aortic root, 
dyslipidaemia and cardiac dysfunction in fetuses due to 
maternal under-nutrition have been reported (Blackmore 
et al., 2012; Lloyd et al., 2012). The increased IMT in 
present study could also be due to hyperplastic growth and 
re-modelling, an adaptive response to increased blood 
pressure (Heagerty et al., 1993). Previously due to poor 
caloric values decreased length of capillaries, volume and 
subcellular compartments of cardiomyocytes and 
interstitium have been reported (Gruber et al., 2012). 
However, the results of present study regarding increased 
IMT are contrary to the findings of previous study 
(Painter et al., 2007) about carotid and femoral IMT in 
humans. They reported that femoral and carotid IMT was 

thinner in 58 years old people which were exposed to 
famine during gestation (during the Second World War) 
than the unexposed ones. Thus maternal under nutrition 
during pregnancy causes a decrease in carotid and femoral 
IMT, but an increased prevalence of CAD around 58 
years of age (Painter et al., 2007). But, no reports could be 
found in accessible literature about how the maternal 
under-nutrition affects coronary arterial and arteriolar 
IMT during pregnancy in developing fetuses of different 
species. However, in rats due to hypoxic pregnancy 
increase in wall thickness and wall-to-lumen area ratio of 
the fetal aorta has been reported (Herrera et al., 2012). 
Effect of maternal under-nutrition and intrauterine growth 
restriction has also been reported on aortic IMT. Aortic 
IMT was found higher in new born animals with 
intrauterine growth restriction (Skilton et al., 2005, Koklu 
et al., 2006). But Skilton et al. (2006) has also reported 
that maternal under-nutrition (low protein) reduces aortic 
IMT in rat pups. Apparently, in human babies, broad-
spectrum intrauterine under-nutrition due to placental 
insufficiency might be a cause of increased aortic wall 
thickness. However, the maternal dietary protein 
restriction may be responsible for reduced aortic IMT in 
the rat model (Skilton et al., 2006).  

In the present study, the luminal perimeter in the 
coronary arterioles of under-nourished group fetuses was 
significantly lower than well-nourished group. This 
indicates that under-nutrition of ewes, from day 21-140 
has decreased the luminal perimeter of coronary arterioles 
in the fetuses. No literature was available to compare 
these findings. 

The luminal diameter of coronary arterioles of H 
group fetuses (26.96±1.92 µm) was significantly higher 
than those of L group (18.54±1.92 µm). Similar variation 
has been reported between the hypertensive and 
normotensive rats for luminal diameters of different 
arteries. Luminal diameter has been reported in the 
mesenteric (178-222 µm), cerebral (87 µm) and femoral 
(167 µm) resistance arteries of hypertensive rats. In the 
normotensive rats luminal diameters of mesenteric, 
cerebral and femoral arteries have been recorded as 194-
265, 102 and 199 µm, respectively (Bund et al., 1991; 
Deng and Schiffrin, 1992; Thybo et al., 1992). This 
suggests that decreased luminal diameter in coronary 
arteries could be due to hypertension. No report was 
available to compare the nutritional effect on the diameter 
of coronary arteriole. 
 
Conclusion: This study supports the fact that maternal 
nutritional status is critical for fetal development in 
general and cardiovascular development in particular. 
Maternal under-nutrition not only decreases the birth and 
heart weight by compromising the fetal growth but it 
decreases the luminal diameter and increases the blood 
wall thickness/ IMT of coronary arterioles too. 

 
REFERENCES 

 
Barker DJP, AR Bull, C Osmond and SJ Simmonds, 1990. Fetal and 

placental size and risk of hypertension in adult life. Brit Med J, 301: 
259-262. 

Bell A, W Hay and R Ehrhardt, 1999. Placental transport of nutrients 
and its implications for fetal growth. J Reprod Fertil Suppl, 54: 
401-410. 



Pak Vet J, 2014, 34(3): 301-304. 
 

304

Blackmore HL, AV Piekarz, DS Fernandez, JR Mercer, N Figg, M 
Bennett and SE Ozanne, 2012. Poor maternal nutrition 
programmes a pro-atherosclerotic phenotype in ApoE-/- mice. 
Clin Sci,123: 251-257. 

Bund SJ, KP West and AM Heagerty, 1991. Effects of protection from 
pressure on resistance artery morphology and reactivity in 
spontaneously hypertensive and Wistar-Kyoto rats. Circ Res, 
68:1230-1240. 

Cormac OG, 2012. Fetal origins, childhood development, and famine: a 
bibliography and literature review. Soc Sci Res Network. 
http://dx.doi.org/10.2139 /ssrn.1980709. 

Deng LY and E Schiffrin, 1992. Effects of endothelin-1 and vasopressin 
on resistance arteries of spontaneously hypertensive rats. Am J 
Hyperten, 5: 817-822. 

Eurell JA and BL Frappier, 2006. Cardiovascular system. In: Dellmann's 
Textbook of Veterinary Histology.6th Ed. Blackwell Publishing, 
Missouri, USA, pp: 118-122. 

Firth EC, CW Rogers, M Vickers, PR Kenyon, CMC Jenkinson, HT Blair, 
PL Johnson, DDS Mackenzie, SW Peterson and ST Morris, 2008. 
The bone-muscle ratio of fetal lambs is affected more by maternal 
nutrition during pregnancy than by maternal size. Am J Physiol- 
Regul Integ Comp Physiol, 294: 1890-1894 

Gruber C, N Nink, S Nikam, G Magdowski, G Kripp, R Voswinckel and 
C Muhlfeld, 2012. Myocardial remodelling in left ventricular 
atrophy induced by caloric restriction. J Anat, 220: 179-185. 

Heagerty AM, C Aalkjaer, SJ Bund, N Korsgaard and MJ Mulvany, 1993. 
Small artery structure in hypertension. Dual processes of 
remodeling and growth. Hypertension, 21: 391-397. 

Herrera EA, EJ Camm, CM Cross, JL Mullender, FB Wooding and DA 
Giussani, 2012. Morphological and functional alterations in the 
aorta of the chronically hypoxic fetal rat. J Vasc Res, 49: 50-58. 

Koklu E, S Kurtoglu, M Akcakus, S Koklu, D Buyukkayhan, Gumus and 
A Yikilmaz, 2006. Increased aortic intima-media thickness is 
related to lipid profile in newborns with intrauterine growth 
restriction. Horm Res, 65: 269-275. 

Koklu ES, M Kurtoglu, AA Yikilmaz, A Coskun and T Gunes, 2007. 
Intima-media thickness of the abdominal aorta of neonate with 
different gestational ages. J Clin Ultras, 35: 491-497. 

Kume T, T Akasaka, T Kawamoto, N Watanabe, E Toyota, Y Neishi, R 
Sukmawan, Y Sadahira and K Yoshida, 2005. Assessment of 
coronary intima-media thickness by optical coherence tomography 
- Comparison with intravascular ultrasound. Circ J, 69: 903-907. 

Lanham SA, C Bertram, C Cooper and ORO Reffo, 2011. Animal models 
of maternal nutrition and altered offspring bone structure-bone 
development across the life course. Eur Cell Mater, 22: 321-332. 

Lie S, JL Morrison, OW Wyss, SE Ozanne, S Zhang, SK Walker, DO 
Kleemann, SM Maclaughlin, CT Roberts and IC McMillen, 2013. 
Impact of embryo number and periconceptional undernutrition on 
factors regulating adipogenesis, lipogenesis, and metabolism in 
adipose tissuein the sheep fetus. Am J Physiol Endocrinol Metab, 
305: 931-941. 

Liu NQ, Y Ouyang, Y Bulut, V Lagishetty, SY Chan, BW Hollis, C 
Wagner,  O  Equils  and  M  Hewison,  2013.  Dietary   vitamin  D  

restriction in pregnant female mice is associated with maternal 
hypertension and altered placental and fetal development. 
Endocrinology, 154: 2270-2780. 

Lloyd LJ, T Foster, P Rhodes, SM Rhind and DS Gardner, 2012. Protein-
energy malnutrition during early gestation in sheep blunts fetal 
renal vascular and nephron development and compromises adult 
renal function. J Physiol, 15: 377-393. 

Mathiassen O, N Buus, I Sihm, N Thybo, B Morn, A Schroeder, K 
Thygesen, C Aalkjaer, O Lederballe, M Mulvany and K 
Christensen, 2007. Small artery structure is an independent 
predictor of cardiovascular events in essential hypertension. 
Hypertension, 25: 1021-1026. 

Painter RC, SR de Rooij, BA Hutten, PMM Bossuyt, E de Groot, C 
Osmond, DJP Barker, OP Bleker and TJ Roseboom, 2007. 
Reduced intima media thickness in adults after prenatal exposure 
to the Dutch famine. Atherosclerosis, 193: 421-427. 

Qureshi AS, M Shah, S Rehan, R Hussain and HA Ullah, 2013. 
Histomorphometrical investigations on the heart, kidneys and 
adrenal glands in normal teddy goats (Caprahircus) using image 
analysis system. Pak Vet J, 33: 155-159. 

Rasband WS, 1997-2012. Image J, US National Institutes of Health, 
Bethesda, Maryland, USA, http://imagej.nih.gov/ij/.  

Sami A, T Shafey and M Abouheif, 2013. Growth rate of carcass, non-
carcass and chemical components of restricted fed and 
realimented growing lambs. Int J Agric Biol, 15: 307-312. 

Skilton MR, AK Gosby, BJ Wu, LML Ho, R Stocker, ID Caterson and 
DS Celermajer, 2006. Maternal undernutrition reduces aortic wall 
thickness and elastin content in offspring rats without altering 
endothelial function. Clin Sci, 111: 281-287. 

Skilton MR, N Evans, KA Griffiths, JA Harmer and DS Celermajer, 2005. 
Aortic wall thickness in newborns with intrauterine growth 
restriction. Lancet, 365: 1484-1486. 

Tao S and GE Dahl, 2013. Heat stress effects during late gestation on 
dry cows and their calves. J Dairy Sci, 96: 4079-4093. 

Thybo NK, N Korsgaard and MJ Mulvany, 1992. Morphology and 
function of mesenteric resistance arteries in transgenic rats with 
low-renin hypertension. J Hypert, 10: 1191-1196. 

Torrens C, L Brawley, FW Anthony, CS Dance, R Dunn, AA Jackson, L 
Poston and MA Hanson, 2006. Folate supplementation during 
pregnancy improves offspring cardiovascular dysfunction induced 
by protein restriction. Hypertension, 47: 982-987. 

Torrens C, TH Snelling, R Chau, M Shanmuganathan, JK Cleal and KR 
Poore, 2009. Effects of pre- and periconceptional undernutrition 
on arterial function in adult female sheep are vascular bed 
dependent. Exp Physiol, 94:1024-1033. 

Van Dorland Ha, HR Wettstein, G Aeschlimann, H Leuenberger and M 
Kreuzer, 2007.Preference of dairy cows for ryegrass, white clover 
and red clover, and its effects on nutrient supply and milk quality. 
Arch Anim Nutr, 61:371-89. 

Wagg M, 2008. MODULE 11: Healthy and Contented Sheep. 
http://www.makingmorefromsheep.com.au/healthy-contented-
sheep/index.htm (Accessed on 09-02-2012), 

 


