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Abstract.- This study describes the histological teratogenic effects of retinoic acid (RA), the active metabolite
of vitamin A, on the fetal kidneys of the albino mouse. Twelve pregnant albino mice were divided into two groups,
control and treated each of 6 mice. Mice of treated group were given high dose of retinoic acid (60 mg/kg/day) on 7",
8Mand 9"days of gestation. The mice were sacrificed on 18" day of gestation; the fetal kidneys were removed for
histological study. The fetuses in treated group showed high rate of fetal resorption. Kidneys were enlarged and
showed extensive tubular necrosis with marked increase in the thickness of renal medulla. In view of this abnormality,
it is suggested that vitamin A supplements and its metabolites like retinoic acid may be sparingly used for various
diseases like dermatological disorders and malignancies during pregnancy.
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INTRODUCTION

Retinoic acid (RA), an active metabolite of

vitamin A is a requirement for vision, development
and reproduction. During embryonic period it
affects the normal development of different organs
and tissues (Quadro et al., 2004). RA mediates these
activities by binding to two families of nuclear
receptors, the retinoic acid receptors (RARs) and the
retinoid X receptors (RXRs), each of these families
comprises three isotypes (a, b and g)which affect
transcription of a number of genes during vertebrate
development (Snyder et al., 2005). In kidney both
RARs and RXRs are cell specific in expression;
these are therefore, practically responsible for
activation of both receptors by their respective
agonists (Wagner, 2001).

In addition to the nuclear receptors, there
exist two cytosolic RA binding proteins, the cellular
retinoic acid binding protein I and Il (CRABP | &
I1). It has been proposed that the CRABPs could
transport RA from cytoplasm to the nucleus where it
would be transferred to the nuclear receptors
(Sacchi et al.,, 1997), these safeguard the cells
exposed to retinoic acid and buffer free retinoid
concentrations in the cytoplasm by controlled
synthesis and catabolism (McCaffery et al., 2003).
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It is widely accepted that excessive RA intake
during pregnancy results in a variety of craniofacial
malformations, depending upon the dosage and
gestational stage at the time of drug administration
(Robens, 1970). In mammals, retinoids both in
deficiency and excess are reported to be well known
potent teratogens (Lammer et al., 1985).
Development of the kidney is reported to be the
result of interactions between the metanephric and
ureteric bud mesenchyme in the presence of
retinoids (Vilar et al., 1996). In early 1950s, Wilson
et al. (1953) observed that maternal vitamin A
deficiency resulted in renal hypoplasia in rats which
was reported to have been prevented by vitamin A
administration to pregnant animals. This was
suggestive of direct involvement of vitamin A in
kidney development. In another study, double
knockout models i.e. mice in which both RAR and
RXR have been blocked, produced several
malformations,  including  kidney  agenesis,
hypoplasia or aplasia of the ureteral bud (Wagner et
al., 2000). The World Health Organization (1998)
recommends that a daily vitamin A supplement
taken during any part of the reproductive period be
limited to 10,000 1U (3000 Retinol Equivalents). In
United States, about 25% of adults consume
supplements containing vitamin A and about 5%
take supplements of vitamin A alone (Braesco and
Pascal, 2000; Hathcock et al., 1990). The
occurrence of malignancies during pregnancy has
increased over the last decade complicating 0.1% of
pregnancies (Siegel et al., 2004). An extensive use
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of retinoids in dermatology, particularly in psoriasis,
acne, and malignancies, have been associated with
additional side effects such as lipid and bone
toxicity, visual and teratogenic effects (Simoni et
al., 2001; Klvanova and Brtko, 2002); it is used
sparingly during the reproductive age of women on
account of its toxicity (Siegel et al., 2004).

A lot of work has been done on teratogenic
effects of retinoic acid on nervous system, heart and
other organs of the body (Rothmann et al., 1995).
Since there is hardly any work on the histological
changes in fetal kidneys induced by retinoic acid
administered to pregnant albino mice, the present
work was consequently designedto investigate the
effect of retinoic acid on the developing kidney.

MATERIALS ANS METHODS

Total of sixteen mice (twelve female and four
male), 6-8 weeks old, weighing 25-30g, were
obtained from NIH Islamabad. They were
acclimatized for a period of one week and
maintained under constant environment of
temperature 22°C+0.5, humidity 50£10% and dark
and light cycle of 12 h each for the experimental
period in the laboratory of University of Health
Sciences, Lahore. They were fed on standard mouse
diet and given water ad libitum.

The experiment was carried out using two
groups, control and experimental, randomly created;
each group containing eight animals, six females
and two males. Four mice were placed together (1
male: 3 female) in a single cage overnight for
mating, the presence of vaginal plug next morning
was considered to have confirmed conception and
was taken as gestational day 0 (Firat et al., 2005).

Control mice were given 0.1ml of olive oil
orally on 7", 8™ and 9" days of pregnancy, whereas
the experimentals mice received RA, 60mg/kg/day
dissolved in 0.1ml of olive oil orally on comparable
days. The mice were anaesthetized under
chloroform on 18" day of gestation and a midline
longitudinal incision was given from xiphi-sternum
to pubic symphysis to expose the uterus;
implantation sites in the uterine horns, number of
intact fetuses and resorbed embryonic masses were
counted. Fetuses were dissected using dissecting
stereo microscope and their kidneys were removed

and fixed in 10% formalin for 48 h for histological
preparation. The specimens were dehydrated
through a graded series of alcohol, cleared in xylene
and infiltrated with molten paraffin before preparing
the paraffin blocks; 5um thick sections were
obtained, using Leica rotatory microtome (RM
2125). The sections were stained with standard
haematoxylin and eosin method before examining
them under the light microscope (Leica DM 1000).

Micrometery

The ocular reticule was calibrated with the
linear stage micro meter using 40X and 100X
objectives. Serialized length wise sagittal sections of
the kidney were used to determine its size. The
length of the organ was measured using ocular and
stage linear micrometerat 40X objective. The
thickness of cortex and medulla was also obtained in
similar way at 100X objective (Dziarmaga et al.,
2003).

Statistical analysis

The statistical analysis was carried out using
computer software Statistical Package for Social
Sciences (SPSS) version 16. The arithmetic mean,
standard deviation and the significance between two
groups was calculated by Mann Whitney test. The
difference was regarded statistically significant if
the ‘p’ value was <0.05.

RESULTS

Litter size

The total available litter size was 91, of which
50 belonged to the control and 41 were from
experimental group. In the latter group eight fetuses
were resorbed and the difference between the alive
fetuses of the two groups was statistically
significant when compared to each other using
Pearson chi square test.

Histological features

The kidneys were bilaterally present and
normal in shape in all fetuses of both groups,
whereas the size of fetal kidney in control group
appeared to be enlarged.

On histological examination, the sagittal
section of kidneys from the control group showed
well developed cortical renal corpuscles; these
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contained loops of glomerular capillaries,
surrounded by Bowman’s capsule, having visceral
and parietal layers, with capsular space in between.
The cortical region also showed cross section of
proximal and distal convoluted tubules lined by
simple cuboidal epithelium (Fig. 2). Renal medulla
showed closely packed cross sections of collecting
ducts, thin descending limb and thick ascending
limbs of loop of Henle. All these structures were
embedded in the interstitium. In experimental, the
size of the kidney was increased and the difference
in size when compared to those from control was
statistically significant (p<0.05, Table 1). In
experimental group, the medulla was observed to be
much thicker than that in control group, the
difference was statistically significant (p<0.05,
Table ). In experimental group, thickness of cortex
was apparently thicker than in control and the
difference was also statistically significant (p<0.05,
Table I).

Table I.- Comparison of parameters from fetal kidneys
of control and experimental groups.
Parameter Control Experimental p-
Mean+ S.D Mean+ S.D value

Kidney size (mm) 3.09+0.13 4.01+0.19 0.000*
Cortex thickness 293.8+26.56  357.56+31.68  0.000*
(um)

Medulla thickness ~ 853.0+41.21  1341.21+80.53 0.000*
(um)

*p value<0.05 is statistically significant.

The architecture of renal tissue in fetal
kidneys was well preserved in experimental mice,
showing outer cortex and inner medulla; latter was
larger than the cortex (Fig. 1) which was
presumably responsible for renal enlargement in the
group. Epithelial cells lining both the proximal and
distal convoluted tubules showed small cytoplasmic
vacuoles, lightly stained basophilic nuclei which
were absent at some places, indicating different
stages of necrosis (Fig. 2).

In renal corpuscles, glomeruli showed
hypercellularity, obliterating the capsular space
which was due to increased proliferation of
endothelium (Fig. 2).

DISCUSSION

Retinoic acid plays important role during
morphogenesis of different organs in mammals; this
is on account of impaired vitamin A signaling or
maternal vitamin A deficiency inducing syndromic
urogenital-tract malformations similar to those in
humans (Dame and Knutson, 2011). It also affects
mesenchymal/epithelial  interactions in  the
development of kidney, lung, central nervous
system, and gut (Tulachan et al., 2003).

In the present study we focused on the effects
of RA on histological structure of fetal kidney. The
RA was given on 7" 8" & 9™ of gestation,
considered to be critical for developing kidney,
since nephrogenic cords are reported to appear by
8"day and pronephric tubules and duct are observed
to be suspended in the coelom by 10"day (Rugh,
1968). Moreover, Bhat and Manolesscu (2008)
pointed out that cytoplasmic  enzymes
(retinaldehyde dehydrogenase), responsible for the
synthesis of RA from retinol, are also expressed
between gestational days 7-9 in mice embryo.

Examination of the sagittal section of kidneys
from control group showed normal looking well
developed organ with outer cortex and inner
medulla, whereas those from experimental group,
showed increase in the thickness of renal medulla
with closely packed tubules due to increased
tubulogenesis induced by RA (Fig.2). Similar
findings were reported earlier in which development
of the collecting duct system was greatly impaired
in RAR ofi2” mutant mice embryo; fewer branches
of ureteric bud were present, and their ends were
positioned abnormally at a distance from the renal
capsule (Mendelsohn et al., 1999).

Retinoic acid is reported to control the pattern
of developing kidney through expression of tyrosine
kinase receptor, which modulates morphogenesis of
branches of ureteric bud (Bhat and Manolesscu,
2008).These receptors are encoded by a proto-
oncogene Ret; which is responsible for formation of
the ureteric bud and its branching in the kidney
(Dressler, 2002). Ret receptors are first expressed in
the Wolffian duct at gestational day 8-11.5 and as
ureteric arborization proceeds(gestational days 13.5-
17.5) ‘Ret’ is expressed in ureteric bud tip cells
(Pachnis et al., 1993). The branching and stromal
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Fig. 1. (I); Histological structure of
sagittal section of fetal kidney of (a) control
showing cortex, C () and medulla, M (Q);
lower arrow head points to the renal
pelvis.Renal corpuscles (red arrow), cross
sections of collecting ducts (green arrow),
interstitium (blue arrow) and (b) experimental
renal pelvis (RP). showing outer cortex, C (7),
renal corpuscles (red arrow). Renal medulla,
M(]) shows significant thickening and contains
cross section of collecting ducts(green arrow)
which are closely packed and separated by
small amount of interstitium(blue arrow) and
renal pelvis (RP). H & E stain X 50.

cell abnormalities had been linked to impaired ‘Ret’
signaling in the ureteric bud (de Graaff et al., 2001).

In the current study, histological examination
of kidneys obtained from embryos of group B
showed hypochromic nuclei and cytoplasmic
vacuolization in the epithelial lining of the tubules,
indicative of their necrosis. Our observations also
indicate that there was an increase in number of the
fetal resorption in experimental group. These
findings are similar to those reported by Calaustro
and Lichton (1967), implying cell damage and
necrosis of junctional zone of placenta during
pregnancy in retinol deficient rats receiving RA
resulting in increased fetal absorption.

In the current study renal corpuscles showed
hyper-cellularity in the glomeruli of treated group B,
suggesting an increased proliferation of endothelial
cells of the capillaries. Our findings are consistent
with an earlier study by Saito et al. (2007), in which
All-trans retinoic acid (ATRA) was reported to
induce angiogenesis via RAR by stimulation of
human umbilical vein endothelial cells (HUVEC)
proliferation and by enhancement of signaling by

Fig. 2. (I); Histological structure of
sagittal section of fetal kidney of (a) control
showing cortical region  having renal
corpuscles; glomerulus (green arrow) and
Bowman’s capsule(blue arrow) lined by simple
squamous epithelium. Cross sections of
proximal convoluted tubules (P) and distal
convoluted tubules (D) lined by simple cuboidal
epithelium. (b) experimental showing renal
corpuscles in the cortical region; gloemeruli
show hypercellularity(blue arrow) resulting in
obliteration of capsular space. There are cross
sections of proximal convoluted tubules (P) and
distal convoluted tubules (D); epithelial cells
lining the tubules show hypochromatic nuclei
and cytoplasmic vacuolization (green arrow)
indicative of necrosis. H & E stain X 200.

endogenous vascular endothelial growth factor
(VEGF). RA is reported to play a crucial role in the
control of mammalian vascular development and in
restoring cell cycle control. In another study, it was
observed that Raldh2” mice embryos exposed to
RA during gestational days 7.5-8.5, a period of
endothelial tube formation, the yolk sacs exhibited
formation of some large vessels, which were not
formed in untreated mutants, and smaller vessels
were significantly dilated (Lai et al., 2003), whereas
Hoffmann et al. (2007) have demonstrated anti-
angiogenic effects of RA in thyroid cancer. Since
these results are controversial, effects and
mechanism of ATRA on angiogenesis still remain
unclear needing further investigations.

CONCLUSIONS

Vitamin A and its metabolites like retinoic
acid have deleterious effect on developing kidney,
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when given during the critical period of
organogenesis, it is therefore suggested that these
preparations may be avoided or sparingly used
during pregnancy. Further investigations are
required to see the effect of RA on vascular
endothelium  since  both  angiogenic  and
antiangiogenic effects had been reported by earlier
investigations.
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