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ABSTRACT 
 
Purpose: To analyze the effects of Cyclosporin A on Proximal and Distal convoluted tubules of kidneys 
when given in therapeutic doses during gestation.  Materials and Methods: Twelve pregnant mice were 
divided into two groups, having six animals each. Control group A was given daily subcutaneous injection 
of normal saline for 18 days during gestation. The Experimental group B was subjected to daily 
subcutaneous injections of 50 mg/kg CsA for 18 days during gestation. The pregnant mice were sacrificed 
on 18 day of gestation. The fetal kidneys were dissected and fixed in 10% formalin for histological 
examination.  Results: The nephrogenic zone was disorganized, thicker and composed of undifferentiated 
mesenchymal cells, indicating impairment of nephrogenesis. Proximal convoluted tubules of CsA treated 
groups showed excessive vacuolar degenerative changes in epithelial cell, the score for tubular 
vacuolization was 2.03±0.42 in experimental group and 0.80±0.61 in control groups respectively 
(p<0.000). Majority of components of tubular system, including convoluted tubules and loops of henle 
showed atrophic changes; they were dilated and distorted having thickened basement membrane with no 
brush border. The tubular atrophic score was higher (1.82±0.38) in experimental group and (0.00 ±0.00,) 
in control group. Conclusion: The current study investigated the effects of CsA given to mice during 
intrauterine life in therapeutic doses. The work clearly illustrated harmful effects of the drug leading to 
statistically significant histological changes which included tubular vacuolization and tubular atrophy 
suggestive of fetal nephrotoxicity and may eventually lead to renal failure. It might produce comparable 
effects in human conceptuses after intake of CsA by pregnant mothers. 
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INTRODUCTION 

 
yclosporin A (CsA) has been proven to be a 
powerful immunosuppressive agent commonly 

used in organ transplantation, grafts and for the 
treatment of various autoimmune diseases.1 Its 
usage in higher doses is however restricted due to its 
nephrotoxicity producing a spectrum of clinical 
manifestations.2 Pregnant women undergoing CsA 
therapy are increasing in number. However, 
maternal CsA treatment during pregnancy is not 
without fetal side effects 3. 

 The development of metanephros depends on 
mesenchymal-epithelial interactions between the 
metanephric mesenchyme and the arborizing 
ureteric bud which will induce the mesennchyme to 
condense and differentiate into glomerular and 
tubular structure 4.   
 Previous studies have shown that CsA and its 
active metabolites cross the placental barrier5 and 
the new born infants often present with prematurity 
and low birth weight for gestational age.6 

 CsA is absorbed (20-50%) after oral 
administration. In blood, CsA is mostly bound to 

C 
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red blood cells and plasma components. Its peak 
concentration in blood and plasma is achieved in 3.5 
hours and its terminal half life is 17 hours.7  
 Chronic nephrotoxicity is characterized by 
reduced glomerular filtration rate, pathological 
changes, such as glomerulosclerosis, proximal 
tubular swelling and necrosis, infiltration of 
macrophages and striped interstitial fibrosis. CsA 
induces fetal growth retardation in organ 
morphogenesis; shows delay in the development of 
hemopoietic organs i.e. thymus, spleen, liver and 
bone marrow and produces significant alteration in 
T- cell maturation and suppression.8   Administration 
of 10 mg/kg/d CsA from the 14th to the 18th day of 
gestation (early nephrogenesis period) induced a 

25% nephron deficit in newborn rabbits with limb 
defects and  significant anomalies in the heart and 
other mesenchyme derived tissues and organs have 
been reported.9 

 The nephrotoxicity of CsA among adults is 
well documented, however its effects on developing 
kidney remain to be established, therefore, the aim 
of the current work was to address and study the 
morphological alteration in renal organogenesis in 
mice treated with CsA during gestation period. 
 

MATERIALS & METHODS 
 
 Sixteen adult albino mice (twelve females 
and four males) of BALB/c strain, 6-8 weeks old 
weighing 30 ± 0.22g, were procured from the 
National Institute of Health, Islamabad. The animals 
were acclimatized with standard condition of 
temperature 24 ± 1ºC with regular 12 hour light/ 
dark cycle and providing pellet food and tap water 
ad libitum. One male mouse and three female mice 
were housed in a single cage for mating purpose.63 

Pregnant mice were randomly distributed in control 
and experimental groups. 
 Experimental group received 50mg/kg of 
CsA subcutaneously daily from day 0 to day 18 
during pregnancy and same dose of normal saline 
was given subcutaneously daily to control group 
during the same time period. The pregnant mice 
were sacrificed on 18th day of gestation under ether 
anesthesia 69.The animals were dissected and 
pregnant uterus with two horns were identified. 
Number of viable, nonviable fetuses and 

reabsorption sites were recorded. Viable fetuses 
were sacrificed and processed for histological 
examination. The section of 3-4 µm were stained 
with Hematoxylin & Eosin (H&E), Periodic Acid 
Schiff (PAS) and Masson Trichrome and studied 
under light microscope (Leica DM 1000) using X 
10, X 20 and X 40 objectives.  
 Cortical width (from capsule to arcuate 
arteries) was measured by linear micrometer at X 10 
objective at five different points perpendicular to the 
cortex. 
 

RESULTS 
 
Histological examination 
 In kidneys of the control group fetuses, the 
renal cortex exhibited nephrogenic zone showing a 
superficial layer having aggregates of nephrogenic 
mesenchyme (Figs. 1, 3)  
 

 
 
Fig. 1: Comparison of thickness of nephrogenic zone in the 

fetal kidneys obtained from the control and 
experimental groups. 

 

 
 
Fig. 2: Comparison of tubular atrophy in control and 

experimental groups. 
 
 The majority of proximal convoluted tubules 
(PCT) exhibited columnar epithelium having 
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eosinophilic cytoplasm. Some sections of 
convoluted tubules showed small areas of focal 
tubular vacuolation. These vacuoles were small, 
clear and uniformly distributed within the cytoplasm 
(Fig. 4). There was no evidence of degeneration 
within the vacuolated cells as they displayed healthy 
nuclei and no sign of necrosis or apoptosis.  A thick 
brush border layer of pink color was prominent 
(Fig.5).  
 

 
 

Fig. 3: Photomicrograph showing an active nephrogenic 
zone (yellow arrow) composed of nephrogenic 
mesenchyme. Different  profiles of tubules (red 
arrow) and glomeruli (red arrow head). H&E stain. 
X100. 

 

 
 

Fig. 4: Photomicrograph of control group A showing 
proximal convoluted tubules (red arrow) and 
glomeruli (yellow arrow) evenly distributed in the 
cortex. H&E stained. X200. 

 Distal convulated tubules (DTC) were found 
among PTC, were differentiated by a large lumen 
and absence of brush border. The number of nuclei 
per section in DTC was more than PTC (Fig. 5). The 
medulla was composed of straight segments of 
proximal and distal convoluted tubules, thick and 
thin loop of Henle and collecting tubules. The 
medullary rays, comprising collecting tubules and 
straight segments of proximal and distal convoluted 
tubules, were observed stretching from the medulla 
towards the cortex (Fig.6). The straight segments of 
both proximal and distal convoluted tubules were 
lined by cuboidal cells. The thick and thin loops of 
Henle were lined by cuboidal and squamous cell 
respectively. The collecting ducts were lined by 
light staining cuboidal epithelial cells with clear 
cytoplasm (Fig. 6). 
 

 
 

Fig. 5: Photomicrograph from control group A showing 
proximal convoluted tubules (yellow arrow) with 
small intact brush border (red arrow head). Few 
distal convoluted tubules (red arrow) with clearly 
defined lumina and lack of brush border. PAS 
stained. X630. 

 

 In CsA treated groups the renal cortex was 
significantly thinner as compared with the control 
group. The medulla was relatively spared in two 
groups. The nephrogenic zone was disorganized, 
thicker and composed of undifferentiated 
mesenchymal cells, indicating impairment of 
nephrogenesis (Figs. 1, 3). 
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Fig. 6: Photomicrograph of control group A showing 
different sectional profiles of renal tubules (red 
arrow) located in cortex. The medullary rays (yellow 
arrow) were observed stretching from the medulla 
towards the cortex.  H&E stained. X100. 

 
 Proximal convoluted tubules of CsA treated 
groups showed excessive vacuolar degenerative 
changes in the epithelial cells. Irregular 
nonisometric vacuoles were located within the basal 
region of epithelial cells (Figs.7, 8). The extent of 
vacuolization was more widespread; the score for 
tubular vacuolization was 2.03±0.42 in experimental 
group and 0.80±0.61 in control groups  respectively 
(p<0.000). Dilatation of these tubules with some 
necrotic changes was observed. There was 
disruption of brush border at many places and 
thickening of basement membrane (Fig.8). Few 
vacuoles were also observed in epithelium of distal 
convoluted tubules.  
 Many atrophic changes were visible in 
proximal and distal convoluted tubules and thick 
and thin segments of loops of Henele. These were 
dilated and distorted, having thickened basement 
membrane with no brush border (Figs.7, 8). 
 Some of atrophic tubules were observed 
having smaller diameter with thickened basement 
membrane, some were larger in size with flattened 
epithelial lining and others appeared collapsed 
(Figs.7, 8). 
 Early involvement of tubular atrophy was 
observed in the tubules of medullary rays, resulted 
in a band-like pattern. The tubules were 
disorganized and irregular in shape (Fig. 7). The 

tubular atrophic score was higher (1.82±0.38) in 
experimental group as compared with in control 
group (0.0±0.00). 
 

 
 

Fig. 7: Photomicrograph of CsA treated group B showing 
moderate degree of vacuolar degenerative changes 
in the epithelium of proximal convoluted tubular 
(yellow arrow).  Few vacuoles were also observed in 
epithelium of distal convoluted tubules (red arrow). 
H&E stain. X 200. 

 

 
 

Fig. 8: Photomicrograph of group B, showing proximal 
convoluted tubule with thickened basement 
membrane, disrupted brush border at some places 
and irregular vacuoles (yellow arrow head). The 
collecting tubules (green arrow) lined by lightly 
stained cuboidal epithelium. PAS stain.X1000. 

 
DISCUSSION 

 
 Cyclosporin A (CsA) is one of the most 
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potent immunosuppressant used for the management 
of multiple-organ transplantation. However, the 
clinical utility of CsA as an immunosuppressant has 
lot of constraints on account of frequent occurrance 
of chronic CsA nephropathy10. The present study 
stipulates to evaluate the nephrotoxic effects of CsA 
on the developing kidney when given in therapeutic 
doses to the mice. 
 CsA exerts deleterious effect on nephron 
induction, since the kidney is a major site for drug 
accumulation and elimination11. The drug was 
reported to persist for long periods in fetuses and 
considerable CsA concentration developed in them 
sufficient to interfere with nephrogenesis (Fig. 1). 
Impaired nephrogenesis was probably due to 
reduced proliferation of the nephrogenic 
mesenchyme (Fig. 3), which in turn could be due to 
increased rate of apoptosis or stimulation of TGF-β 
expression12. There is thinning of cortical height 
which was reduced from 582.26±46.17 in the 
control to 530.71± 31.69 in the treated group and 
significant increase (p<0.000) in thickness of 
nephrogenic zone indicating delay in nephrogenesis. 
These findings correlate with the administration of 
10 mg/kg per day CsA to pregnant rabbits from 14th 
to the 18th day of gestation (early nephrogenesis 
period) induced a 25% nephron deficit in newborn 
rabbits and significant thinning of renal cortex. 7 
 The results in CsA treated animals showed 
tubular vacuolization, degeneration and tubular 
atrophy, these were statistically significant changes 
in accord with the earlier work13. Tubular 
vacuolization was mainly observed in proximal 
tubules (Fig.7,8) in our investigations and correlates 
with previous studies which showed that CsA 
exposure in rabbits induced vacuolization of 
proximal tubular cells, prominent urinary chamber, 
tubular swelling and interstitial fibrosis7 
 The proximal tubules were intrarenal targets 
for most nephrotoxic compounds and responsible 
for CsA biodegradation, accumulation of its 
metabolites in the renal cortex due to its rich blood 
supply, reabsorption in proximal convoluted tubules 

and degradation by of mitochondria in proximal 
tubules. This contributes to atrophic changes in 
renal tubules (Fig.7,8) which may lead to 
degeneration and necrosis of the epithelial cells of 
these tubules. 14. 

 The quantitative scoring in our investigations 
showed that CsA administration was associated with 
marked tubular atrophy (S=1.82); and tubular 
vacuolization (S=2.03) (Table 1); both were 
recognized as an indicator of renal disease severity 
and its progression.144 Our results therefore clearly 
indicate that CSA is deleterious for developing 
kidney in the usual therapeutic doses. 
 
Table 1: Comparison of mean histological scores in 

control and experimental groups (n=40) 
 

Histological 
parameters 

Scores of histological features P 
value Group A 

(Mean±SD) 
Group B 

(Mean±SD) 
    
Tubular 
vacuolization 

0.80±0.61 2.03±0.42 P<0.000 

Tubular 
atrophy 

0.00±0.00 1.82±0.38 - 
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