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ABSTRACT 
Background: Preterm birth is a major global concern, often leading to extrauterine growth restriction (EUGR) and later need 
for catch-up growth. Excessive catch-up growth may predispose to long-term cardiovascular risk. The objective of this study 
was to investigate the histological alterations in the aortic microstructure of Wistar rats exposed to extrauterine growth 
restriction followed by varying degrees of catch-up growth.  
Methods: This animal-based experimental study was conducted on 120 neonatal Wistar rats using a rodent litter-size 
manipulation model that mimics human extrauterine growth restriction (EUGR) and catch-up growth. Initially, 30 pups were 
fed normally (Group N), while 90 were undernourished (Group R) to simulate EUGR. From days 11 to 21, the 
undernourished rats were separated into two subgroups: normal growth (RN, n = 30) and catch-up growth (RC, n = 60). The 
RC subgroup was further subdivided into accelerated (RCA) and slow (RCS) catch-up growth based on growth velocity. On 
day 60, microscopic aortic parameters (lumen and wall areas, wall-to-lumen ratio, and collagen & elastin content) were 
assessed after euthanasia and compared using ANOVA with post hoc Tukey tests. 
Results: Both RCA and RCS groups showed significantly reduced aortic luminal area and increased vessel wall area and wall-
to-lumen ratio compared with RN and N groups (p<0.001). No significant difference was observed between RCA and RCS 
(p>0.05). Collagen and elastin contents of the tunica media did not differ significantly among groups (p>0.05). 
Conclusion: Catch-up growth after extra-uterine growth restriction led to aortic wall changes, supporting the need for 
balanced rather than rapid catch-up growth in preterm infants. 
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INTRODUCTION 
Preterm birth, defined by the World Health Organisation 
(WHO) as delivery before 37 completed weeks of 
gestation,1 affects approximately 10% of all births 
worldwide, with South Asia contributing nearly one-third 
of the global burden.2 Survivors of preterm birth often 
face lifelong health challenges, including impaired growth 
and metabolic complications. Following birth, preterm 
infants frequently experience extrauterine growth 
restriction (EUGR), a postnatal failure to achieve expected 
intrauterine growth rates, primarily due to nutritional 
deficits, increased metabolic demands, and immature  
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organ systems.3 
 In neonatal care, fortified feeding regimens are used 
to promote catch-up growth, aiming to restore the 
growth trajectory toward that of term-born infants.4 
Catch-up growth is defined as "growth velocity above the 
statistical limits for that age or maturity, following a 
transient period of growth inhibition".5 While early 
growth recovery supports survival and 
neurodevelopment, multiple studies link accelerated 
postnatal weight gain in preterm infants to later 
cardiovascular and metabolic risks, including 
hypertension, dyslipidaemia, and vascular remodelling.6 
 Experimental models in rodents have provided 
insight into these observations. Postnatal overfeeding in 
rats results in persistent adiposity, reduced lean mass, 
and an overweight phenotype that persists beyond 
weaning.7 This altered body composition correlates with 
metabolic disturbances such as insulin resistance, 
abnormal lipid profiles, and increased expression of 
proinflammatory cytokines like leptin, all contributing to 
adverse cardiovascular outcomes.7,8 
 A systematic review of human preterm cohorts 
further associated rapid catch-up growth with increased 
blood pressure, higher cholesterol, endothelial dysfunc-
tion, and thickened arterial intima-media layers later in  

mailto:hamdsyed@hotmail.com
http://doi.org/10.37018/LKJH2654


Syed et al  218 

www.jfjmu.com J Fatima Jinnah Med Univ 2025; 19 (4): 217-221 

 

 
 

Figure 1: Photomicrograph showing the aorta lumen area enclosed within the inner selection line and the aorta wall area enclosed between the two 
selection lines for the representation images of subgroups N, RN, RCS, and RCA.  
 
life.9 Yet, despite growing evidence linking early growth 
patterns to long-term cardiovascular risk, the structural 
impact of extrauterine growth restriction and subsequent 
catch-up growth on the vascular wall remains 
insufficiently understood. 
 Wistar rats are well established as experimental 
models for cardiometabolic research.10 Manipulating litter 
size effectively can simulate human EUGR and postnatal 
catch-up growth as previously explained.11 
 This study aimed to investigate the histological 
alterations in the aortic microstructure of Wistar rats 
exposed to extrauterine growth restriction followed by 
varying degrees of catch-up growth. Understanding these 
microscopic vascular changes may help explain how early 
nutritional programming contributes to later cardio-
vascular disease risk and inform safer nutritional 
strategies for preterm infants. 
 
MATERIALS AND METHODS 
This animal-based experimental study was conducted in 
the Anatomy Department of CMH Multan Institute of 
Medical Sciences (CIMS), Pakistan, from October 2021 to 
June 2022, after approval from the Institutional Review 
Board and Ethical Committee (Case No. TW/25/CIMS). 
 Pregnant Wistar rats (n = 30), procured from 
University of Veterinary & Animal Sciences (UVAS), 
Lahore, were housed under controlled conditions (12-
hour light/dark cycle, 26 ± 2°C temperature, 60 ± 5% 
humidity) with free access to pellet chow and water. After 
birth, pups were divided by simple random sampling into 
two groups: normally fed (Group N, n = 30; 8–10 
pups/dam) and restricted (Group R, n = 90; 14–16 
pups/dam) from postnatal day 2–10, using litter size 
manipulation to induce nutritional restriction. This period 
in rats corresponds to late gestation in humans,11 
comparable to the early ex-utero life of preterm infants.12 
 From postnatal day 11–21, undernourished pups 
(Group R) were reassigned either to normal growth (RN, n 

= 30; 8–10 pups/dam) or catch-up growth (RC, n = 60; 4–5 
pups/dam) conditions.10 This period in the rat is broadly 
representative of the first two years of life in humans, 
reflecting the period during which catch-up growth 
commonly occurs in human preterm infants.11 Based on 
growth velocity, RC pups were further classified as 
accelerated (RCA) or slow catch-up (RCS) groups (n = 30 
each). 
 On day 60, animals were sacrificed by chloroform 
inhalation followed by intracardiac potassium chloride 
injection (1–2 mmol/kg) to induce diastolic arrest. A 0.5 
cm segment from the mid-thoracic aorta was collected, 
fixed in 10% NBF, dehydrated, embedded, and sectioned 
at 5–7 µm thickness.13,14 Sections were stained with 
Haematoxylin and Eosin for general morphology and 
Orcein-Light Green for elastin and collagen visualisation. 
 Aortic lumen area, vessel wall area, wall-to-lumen 
ratio, and collagen and elastic content per unit area were 
calculated. Digital micrographs (100× for wall and lumen 
area, 400× for collagen and elastin) were captured 
through an Olympus binocular microscope with a 20 MP 
camera. Image analysis was performed in Fiji ImageJ 
(v1.53t, NIH, USA) using scale calibration and colour 
thresholding. Aortic wall area (mm2) was calculated as: 

 
Aorta Vessel Wall =  AreaOW − AreaIW 

 
Where AreaOW represented the total Aorta cross-sectional 
area, including the wall and lumen, and AreaIW 
represented the area of the lumen (Figure 1). The Wall to 
Lumen Area Ratio was calculated as:  
 

Aorta Wall to Lumen Area Ratio =   
Aorta Vessel Wall Area (mm2)

Aorta Lumen Area (mm2)
 

  
Elastin and collagen quantification followed the colour-
based morphometric method based on the unique brown 
and green colours, respectively, by ImageJ, as explained 
by Hong et al.15 (Figure 2). All analyses were performed 
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using SPSS version 26. Group comparisons were made 
using one-way ANOVA with Tukey post-hoc testing. A p-
value <0.05 was considered statistically significant. 
 
RESULTS 
The mean ± SD values for the histological parameters of 
all the groups and overall ANOVA p-values are presented 
in Table 1. The aortic luminal area (mm²) was significantly 
lower among restricted pups with accelerated (RCA) or 
slow (RCS) catch-up growth compared with those showing 
subsequent normal growth (RN) (p<0.001 for both). 
Subgroup RCS also had a smaller lumen than the normally 
fed controls (N) (p=0.01), while no difference was found 
between RCA and RCS (p=0.68). 

 The aortic vessel wall area (mm²) was significantly 
greater in both RCA and RCS groups than in RN and N 
(p<0.001 for all pair-wise comparisons), with no significant 
difference between RCA and RCS (p=0.73). Similarly, the 
wall-to-lumen area ratio was higher in both catch-up 
growth subgroups (RCA, RCS) compared with RN and N 
(p<0.001 for all comparisons). Figure 1 shows the 
representative histological images for morphometric 
measurements for all four groups. In contrast, the 
collagen and elastin contents of the tunica media did not 
differ significantly among subgroups (p=0.21 and p=0.50, 
respectively, for overall ANOVA). Representative 
histological images for all groups are shown in Figure 2. 

 
Table 1: Pairwise comparison for the effect of nutritional intervention subgroups on aortic microscopic parameters of rats 
 

Parameter N RN RCS RCA p-value 

Aortic luminal area (mm2) 0.83 ± 0.27 0.91 ± 0.17 0.66 ± 0.19 0.72 ± 0.18 <0.001* 

Aortic vessel wall area (mm2) 0.35 ± 0.1 0.33 ± 0.05 0.43 ± 0.10 0.45 ± 0.09 <0.001* 

Aortic wall to lumen ratio 0.44 ± 0.09 0.37 ± 0.06 0.67 ± 0.14 0.64 ± 0.14 <0.001* 

Collagen content per unit area in tunica media of aorta (%) 42.11 ± 14.44 42.34 ± 20.79 38.3 ± 15.52 48.38 ± 21.17 0.21 

Elastin content per unit area in tunica media of aorta (%) 51.93 ± 18.22 53.5 ± 22.3 65.1 ± 17.42 58.75 ± 21.04 0.5 

*p-value: significant at <0.05, computed for overall ANOVA 
Abbreviations: N: Normally Fed, RN: Restricted then normal Growth, RCA: Restricted then Accelerated catch-up growth, RCS: Restricted then slow 
catch-up growth 

 
 
Figure 2: Photomicrographs showing the aorta wall stained with Orcein and counterstained with light for the representative images of subgroups N, 
RN, RCS, and RCA 
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DISCUSSION 
This study investigated aortic microstructure in rats 
following extrauterine growth restriction (EUGR) and 
subsequent catch-up growth. Our primary finding was 
significant adverse remodelling: rats in both the slow 
(RCS) and accelerated (RCA) catch-up groups exhibited a 
larger aortic vessel wall area and a decreased luminal 
area. This resulted in a markedly higher wall-to-lumen 
ratio compared to normally fed controls (N) and the 
restricted-then-normal-growth group (RN). 
 These structural changes are classic histological 
markers associated with an increase in peripheral vascular 
resistance. This inward hypertrophic remodelling, a 
thicker wall and narrower lumen, corresponds to 
prehypertensive vascular changes16 and indicates 
cardiovascular work overload.17 These results align with 
previous rodent models where postnatal overfeeding was 
linked to adult cardiovascular disorders, including aortic 
narrowing and pro-atherogenic changes.18 Postnatal 
overfeeding is known to cause adverse vascular 
adaptations, including increased aortic thickness,8,19 and 
our findings strongly corroborate this link between early 
catch-up growth and detrimental vascular remodelling.  
 While our two catch-up subgroups both exhibited 
adverse aortic remodelling with no statistically significant 
difference between them, Ye et al.20 found that moderate 
catch-up growth did not lead to adverse vascular 
remodelling in IUGR-rats. This suggests that 
magnitude/velocity may moderate the effect and that the 
absolute level of catch-up (and not just any catch-up) 
matters.  
 A second key finding was that, in contrast to some 
prior literature, there was no significant difference in the 
mean content of collagen or elastin per unit area of the 
tunica media across any subgroup. This unaltered matrix 
density differs from reports that observed increased 
collagen and decreased elastin in postnatally overfed 
rats.8,18 The discrepancy may be due to the timing of the 
sacrifice. Our assessment at day 60 (corresponding to 
early adulthood) may represent an earlier stage of 
vascular pathology. At this point, the increased wall area 
may be driven primarily by smooth muscle cell 
hypertrophy or hyperplasia, rather than significant matrix 
rearrangement. Vascular remodelling likely begins with 
smooth muscle hypertrophy and phenotypic switching, 
while matrix changes such as fibrosis or elastin 
degradation appear later, as suggested by recent 
studies.21 
 These experimental findings resonate with human 
studies. Rapid postnatal growth acceleration in infants is 
linked to increased adiposity.22 Systematic reviews also 

associate rapid catch-up growth in preterm cohorts with 
adverse long-term outcomes, including higher blood 
pressure,23 hypercholesterolemia,22 and altered intima-
media thickness.22,24 Our results provide 
histomorphological evidence that this early nutritional 
insult may program fixed vascular changes, predisposing 
individuals to hypertension and atherosclerosis. 
 One of the key limitations of the study is that we did 
not record functional parameters like blood pressure. 
While the histological markers correlate with 
prehypertensive states, these findings require 
confirmation with direct functional measurements. 
Furthermore, the generalizability of rodent findings to the 
complexity of human preterm infants remains a key 
limitation. 
 Despite these constraints, this study uniquely 
compares different catch-up growth velocities after EUGR. 
A critical finding is that significant vascular hypertrophy 
was present in both slow (RCS) and accelerated (RCA) 
catch-up groups, with no statistical difference between 
them for aortic parameters. This suggests that catch-up 
growth itself, regardless of velocity, may initiate adverse 
remodelling. In contrast, the RN (restricted-then-normal-
growth) group showed largely preserved vascular 
morphology, supporting the notion that adequate, not 
maximum, growth velocity is associated with better 
cardiovascular outcomes.25 

 
CONCLUSION 
Catch-up growth following early postnatal restriction 
produced structural changes in the aortic wall, suggesting 
potential early vascular remodelling. These findings 
support the concept that optimal, rather than maximal, 
catch-up growth may be preferable in preterm or growth-
restricted infants. 
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