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Pregnancy is not associated with altered morphology of
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While pregnancy is associated with adjustments in cardio-
vascular function, the morphology of the vascular system
during pregnancy has been generally viewed as being
very stable. However, recently we have demonstrated that
pregnancy remodels the aorta and the carotid artery. In

the present study, we assessed the morphological character-

istics of the guinea-pig femoral artery during different
stages of pregnancy using light and electron microscopy.
There were no significant differences between external and
internal diameters, wall thickness, total cross-sectional area
and cross-sectional areas of lumen, intima, media, and
adventitia of femoral arteries from non-pregnant and
early-, mid- and late-pregnant guinea-pigs i = 8-10). In
previous studies, we have shown that the morphology of
vascular smooth muscle and endothelial cells in the aorta
and the carotid artery may be altered by pregnancy.
Therefore, to test this possibility we measured diameters
as well as cross-sectional areas of femoral arterial muscle
and endothelial cells using electron microscopy. These
parameters, at the electron microscopy level, were also not
significantly changed by pregnancy f = 8-10). It is
concluded that the morphology of the guinea-pig femoral
artery is not altered during pregnancy. In this regard,
this study demonstrated that pregnancy-induced vascular
remodelling varies between blood vessels that undergo the
same functional alterations. Therefore, this may suggest
that pregnancy-induced changes in blood flow through
different vascular beds are not the most important factor
involved in vascular remodelling observed during preg-
nancy. Rather, it is possible that haemodynamic-inde-
pendent factors regulate pregnancy-mediated structural
changes of the vascular wall.

Introduction

It is known that cardiac output is increased during pregnancy,
which is associated with increased rates of perfusion to both
reproductive and non-reproductive organs (Rosenfeld, 1977).
This vascular adaptation of mothers to pregnancy is considered
to be due to blunted vascular response to vasoconstrictors on
the one hand (Weineet al., 1991; Grbovicand Jovanovic
1996, 1997; JovanoViet al., 1998b), and increased response
to vasodilators on the other (Weinet al,, 1989), although
this concept has been repeatedly challenged (Jovarebwt,
1994a, 1995a,b,c, 1997).

While pregnancy is associated with adjustments in cardio-
vascular function, the morphology of the vascular system
during pregnancy has been generally viewed as being very
stable (Rosenfeld, 1977; Peeteet al, 1980). However,
recently we have demonstrated that pregnancy remodels the
aorta and the carotid artery (Jovanowad Jovanovic1997,
1998). Specifically, it has been shown that pregnancy induces
hypotrophy of vascular endothelium in guinea pig aorta and
carotid artery as well as hypotrophy of vascular smooth muscle
in the guinea-pig carotid artery (Jovanovand Jovanovic
1997, 1998). Therefore, in the present study, we addressed
further the effect of pregnancy on the morphological character-
istics of the cardiovascular system, i.e. we assessed the
morphological characteristics of the guinea-pig femoral artery
during different stages of pregnancy.

Here, we report that pregnancy does not alter the morphology
of the femoral artery.

Materials and methods

Non-pregnant female guinea-pigs and early-pregnant (day 22 of
pregnancy), mid-pregnant (day 44 of pregnancy) and late-pregnant
(days 64—66 of pregnancy) guinea-pigs were used in this study (8-
10 in each group), as previously described (Jovanamit Jovanovic
1997, 1998). Briefly, guinea-pigs were anaesthetized with sodium
pentobarbital (40 mg/100 g, i.p.), the femoral artery was removed,
cut, fixed in 10% buffered neutral formaldehyde (48 h) (Fluka, Buchs,
Switzerland), dehydrated through a graded series of ethanol solutions
(70-100%) and embedded in paraffin wax. Resultant blocks were cut
at 3 um (Sorval JB-4 microtome, Newtown, CT, USA). Sections
were stained with haematoxylin and eosin and each section was
examined underx20 magnification (Olympus Vanox microscope,
Tokyo, Japan). For electron microscopy femoral arteries were cut
into rings (1 mm long), fixed in 3% glutaraldehyde (Fluka) for 24 h
and after rinsing in 0.1 mol/l cacodylate buffer (pH 7.4) (Fluka)
postfixed in 2% osmium tetroxide in cacodylate solution (Fluka)
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(70-100%) of ethanol, and then passed through propylene oxide
and embedded in Araldite (Jovanovemd Jovanovic 1997, 1998;
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Jovanovicet al., 1998a). Ultrathin sections (50—-70 nm) were cut with
a diamond knife. The sections were stained with uranyl acetatdable I. Values of external and internal diameters and wall thickness of
(Fluka) and Reynold's lead citrate (Fluka) and then examined and@uinea-pig femoral artery in different stages of pregnancy. Values are

photographed using a Philips EM 400-HMG electron microscopeexIoressed as mean SEM (0 = 8-10)

(Eindhoven, The Netherlands). The investigation conformed with thestage of pregnancy External Internal Wall thickness
‘Guide for the Care and Use of Laboratory Animals’ (NIH publication (10% pm) (1% pm) (1 um)
85-23, revised 1985).
Non-pregnant 13.%¢ 1.9 6.6+ 0.5 3.66+ 0.32
Early-pregnant 13.% 17 6.4+ 0.6 3.72*+ 0.39
Morphometric and stereological analysis Mid-pregnant 13.4- 1.9 57+ 0.6 3.83*+ 0.43
Late-pregnant 13211 58+ 04 3.87*+ 0.49

Light microscopy

Sections that included the entire circumference of each ring were cut

from five different blocks of each animal and viewed with light

microscopy. For each block five sections were examined. Maximal

and minimal internal and external diameters were determined al® . i i g
e . endothelial cells in guinea-pig femoral artery in different stages of

magnification X20, and these values were used to determine thgreqnancy. values are expressed as mea®EM (0 = 8-10)

mean values of internal and external diameters. Wall thickness was

calculated by subtraction of the two diameters and dividing by 2Stage of pregnancy Minimajin) Maximal (m)

(Jovanovicand Jovanovic 1997, 1998; Jovanoviet al, 1998a).

ble Il. Values of minimal and maximal diameters of individual

- +
Cross-sectional areas were determined using the Weibel M42 standag(gﬂy%?ggr?;;t 3]; 8:‘31 g:g; g:g
point-counting system (Weibel, 1979; Jovaricard Jovanovicl997,  Mid-pregnant 3.6+ 05 6.4+ 0.9
1998). The cross-sectional areas were calculated using the followinigate-pregnant 3.3 04 6.3+ 0.8

equation (Weibel, 1979; Leet al, 1983): A, = (P/P)*xAg where

A, = cross-sectional area; P number of points falling on specific
layer, R = total points of test grid and A= area of the whole
test grid for the appropriate magnificatiorKZ0). Correction for Table Ill. Values of minimal and maximal diameters of individual smooth

eccentricity due to sectioning angle with reference to the long axisnuscle cells in guinea-pig femoral artery in different stages of pregnancy.
of the vessel was used for all calculations (le¢@l., 1983; Jovanovic Values are expressed as mearSEM (n = 8-10)

and Jovanovic1997, 1998; Jovanoviet al, 1998a): correction=

dy/d, where d = minimal radius of vessel,,d= maximal radius of ~ >29¢ Of pregnancy Minimaji(n) Maximal (um)
vessel. The definite form of the equation used wag A (P/ Non-pregnant 3.9- 0.4 12.9+ 2.1
P) X Ag X (d,/dy). Early-pregnant 4.2 0.6 13.4* 1.7

. Mid-pregnant 4.4+ 0.7 141+ 1.9
Electron microscopy Late-pregnant 3.7 0.6 13.3+ 14

Morphometric analyses were made from 20 random electron micro
graphs (five micrographs per block, four blocks per aorta) obtained

at X2800—-7900 magnification. The size of endothelial and smooth

muscle cells, defined as cross-sectional area @test, 1983), were ~ Results
determined using the B 100 standard point-counting system (Weibel,jght microscopy

1979). To avoid errors in making average estimates of cell objectﬁ_h | fext landint Ldi t d wall thick
without having information about individual objects, the point count- € values orexternal and internal diameters and wall tnickness

ing was performed by eye, and the cross-sectional area of ead®f fémoral artery from guinea-pigs in different stages of
individual cell profile was determined. pregnancy are shown in Table |. There were no statistically
Cross-sectional area was calculated using the following equatiofighificant differences between those values= 8-10). To
A = Pxd’ (Weibel, 1979); where A is the cell cross-sectional area;examine more precisely the influence of pregnancy stage on
P is the number of points falling on cell cross-sectional area; d isshe morphology of the femoral artery, we calculated the cross-
the distance between the nearest points of the gfids the distance sectional areas of different arterial layers in non-pregnant,
between the nearest points of the grid corrected for magnificatior@any-, mid- and late-pregnant animals (Figure 1). The values
d’ = d/magnification (Weibel, 1979; Leet al, 1983). of cross-sectional areas were not significantly different between
animals in different stages of pregnancy (Figure & 8-10).
Statistical analysis

For all vessel parameters, separate data measurements of diameté&tkgctron microscopy

wall thickness and cross-sectional profiles of vascular component§)pizined values of maximal and minimal diameters of endo-
from each animal were respectively pooled and an average valugqjia| and smooth muscle cells are presented in Tables Il and
recorded, so that in the analysis each animal contributed only ong,| respectively. Photomicrographs of endothelial and muscle

value for each parameter. All data were tested by the Kolmogorov,

Goodness of Fit test and were found to be normally distributed. Thece”S from non-pregnant and late-pregnant guinea-pig femoral

results are expressed as meansSEM with range of values in arteries are presented in Figure 2, while values for cross-
parenthesisn refers to the number of animals. One-way analysis ofsectional areas of endothelial and muscle cells during all stages

variance (ANOVA) was used when more than two groups were®f Pregnancy are presented in Figure 3. Statistical analysis
analysed and the individual pregnant groups were compared with thévealed that diameters and cross-sectional areas of individual
non-pregnant one, which served as a control. A valu® ef 0.05 endothelial and smooth muscle cells were not significantly
was considered to be statistically significant. changed by pregnancy in both casas< 8-10).
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Figure 1. Total cross-sectional area and cross-sectional areas of the lumen, intima, media and adventitia of guinea-pig femoral artery at
different stages of pregnancy. Bars represent mes&EM (n = 8-10).
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Figure 2. Original photomicrographs of endothelig @ndB) and muscle cellsG andD) from non-pregnantA andC) and late-pregnant
(B andD) guinea-pig femoral artery. Arrows delineate endothelalapd B) and muscle cellsq and D). Scale bars represent pgn.
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Figure 3. Cross-section areas of endothelial and smooth muscle cells from guinea-pig femoral artery in different stages of pregnancy. Bars
represent meart SEM (n = 8-10).
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