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INFLUENCE OF AMPHOTERICIN B DEOXYCHOLATE OR AMPHOTERICIN B 
COLLOIDAL DISPERSION ON RENAL TUBULE EPITHELIUM IN RAT
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Amphotericin B deoxycholate (AmB) or Amphotericin B colloidal dispersion (ABCD) are used in clinics for the 
treatment of systemic fungal infections. The goal of our study was to compare the nephrotoxicity of these drugs in 
rat kidney. The effects of AmB and ABCD on the ultrastructure of the epithelium of renal tubules were studied and 
evaluated using morphometric and statistical methods. Two groups of 3 animals were established: group 1 was treated 
with AmB desoxycholate and group 2, to which ABCD was applied. AmB caused more than ABCD ultrastructural 
changes in the cytoplasm of the epithelial cells: damage to mitochondria, vacuolation of cytoplasm, and increased 
values of volume density of peroxisomes. However, we failed to observe significant differences in morphology and 
density of the other cell organelles. The proximal tubules seemed to be more sensitive to the nephrotoxic influence 
of both formulas than the distal tubules of rat kidney. Although, AmB causes more severe damage than ABCD, both 
drugs cause damage to renal tubuli.

Abbreviations used in text and tables: AmB – amphotericin 
B deoxycholate, ABCD – amphotericin B colloidal disper-
sion, Dt – distal tubule, Pt – proximal tubule, VD (%) ± 
SD – volume density and standard deviation, * – statistical 
significance

INTRODUCTION

Amphotericin B deoxycholate (AmB) is used as an 
efficacious medication for systemic fungal infections, 
in spite of the nephrotoxic effects mentioned by some 
authors6, 3, 2. Colloidal dispersions or lipid complexes of 
AmB seem to be more sparing on kidney parenchyma 
and its functions than AmB10, 11. Unfortunately, these new 
formulas of AmB are considerably more expensive. The 
majority of clinical references are concentrated on func-
tional evaluation of the kidneys; morphological aspects 
are studied as a matter of peripheral importance. Light 
microscopy is normally used and as the result, necrosis 
of the epithelial cells is mentioned. The nephrotoxicity of 
these drugs at the ultrastructural level have been studied 
in previous research here5. This evaluation was objectively 
reviewed using stereological and statistical methods. 

MATERIAL AND METHODS

Laboratory male rats (pathogen-free; source Anlab, 
Prague, Czech Republic), 265–380 g body weight, were 
used and individually housed in metabolic cages for 
urine collection during the study. The adaptation time 
to new conditions was 7 days for each experiment. The 
rats were maintained on standard rat chow ad libitum. 
Water was not restricted. The ethics committee of the 
Faculty of Veterinary Medicine, University of Veterinary 
and Pharmaceutical Sciences, Brno, approved the studies. 
Two groups of 3 animals were established: group 1 – rats 
were treated with AmB deoxycholate (Amphotericin B 
Squibb®, Bristol-Myers Squibb; 4 mg/kg of body weight 
daily for a period of 14 days), group 2 – included ani-
mals, which received ABCD (Amphocil®, Torrex Pharma; 
12 mg/kg of body weight daily for a period of 14 days). 
The rats received AmB or ABCD ip. Water for injections 
(Bieffe Medital) served as a vehicle for the dilution of 
drugs. Animals were killed 24 hours after application of 
the last dose of AmB or ABCD. Tissue samples from kid-
neys were taken lege artis and processed for transmission 
electron microscopic study.

Stereometric evaluation was done and values of vol-
ume density of selected organelles in epithelial cells of 
proximal and distal tubules were statistically analysed12 . 
Volume densities of organelles (nuclei, mitochodria, Golgi 
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apparatus, granular endoplasmic reticulum, pinocytic vesi-
cles, vacuoles, lipid droplets, peroxisomes and lysosomes) 
were counted. Statistical procedures included calculation 
of mean values of volume density (VD), standard devia-
tion (SD), and standard error of the mean (SEM). A sim-
ple Student’s test was used to determine the significance 
of differences (p < 0.05 and p < 0.01).

RESULTS

Vacuolation of cytoplasm and some mitochondria, the 
presence of damaged mitochondria, increased number of 
peroxisomes (especially after AmB), dilated extracellu-
lar space between epithelium and basal lamina in basal 
labyrinth, reduction of microvilli in brush border were 
observed and described on the ultrastructural level in this 
study. This was found in both experimental groups.

 Apart from the mitochondria, vacuoles and peroxi-
somes, volume density of the other followed organelles 
was not significantly different after administration of AmB 
or ABCD (Table 1). 

The mitochondria did not show statistically significant 
differences in volume density, but morphological signs of 
their damage, more after AmB than after ABCD, were ob-
serverd. These signs were represented by the occurrence 
of enlarged mitochondria (somtimes to about 2.5 µm in 
diameter), some showed an indistinct inner structure or 
they lost their cristae and were vacuolated. The percent-
age of damaged mitochondria was established from total 
number of mitochondria found: in proximal tubules 46% 
(± 3.12) after AmB and 21% (± 1.08) after ABCD; in dis-
tal tubules 35% (± 2.40) after AmB and 17 % (± 1.56) after 
ABCD. These differences were significant at α = 0.01. 

Statistically significant difference at the p < 0.05 
level was found in density of vacuoles. The value was 
significantly lower in epithelial cells of distal tubules in 
animals after ABCD in comparison with AmB and  values 
observed in proximal tubules after administration of both 
formulas. Significantly higher values of peroxisome den-
sity at p < 0.05 level were registered in the AmB group 
of animals. These findings were true for both types of 
tubules.

DISCUSSION

It is known, that AmB is a nephrotoxic drug and its 
influence on renal functions has been described by many 
authors1, 4, 13. According to6, 14 AmB acts by binding to 
sterols, ergosterol in fungal membranes or cholesterol in 
biological membranes of mammalian cells. Some authors 
believe that AmB and other polyene antibiotic-induced 
renal toxicity is mediated by the drug anchoring to cho-
lesterol within the mammalian cell membrane, resulting 
in pore formation, abnormal electrolyte flux, decrease 
in adenosine triphosphate, and eventually a loss of cell 
viability8. 

Colloid dispersion or lipid complex of AmB are con-
sidered to be more sparing on the kidney parenchyma 
and its functions10, 11. In regard to the volume density 
measurement, values of mitochondria in animals treated 
with AmB or ABCD did not show any statistically signifi-
cant differences. However it is important to mention the 
morphological appearance of these organelles. Generally, 
more or less mitochondria were damaged after an admin-
istration of not only AmB, but also ABCD. Insignificantly 
higher values of pinocytic vesicles and lysosomes density 
in epithelial cells of renal tubules may reveal the fact that 
the resorptive function of tubules need not be irreversibly 
affected after either AmB and or ABCD administration. 
We observed, that nephrotoxicity of conventional AmB 
can be reduced after some nephroprotective measures, 
such as vigorous hydratation and ion supplementation 
proportionate to their loss via the kidney6, 7. The differ-
ence in values of volume density of vacuoles observed in 
proximal tubules was insignificantly higher in both drugs 
application, while in distal tubules there was significant 
difference between values after AmB and ABCD. It can 
be assumed, that the different values in distal tubules are 
not the result of the infuence of these formulas or that 

Table 1. Volume densities of cell organelles

VD (%) ± SD

proximal 
tubules

distal tubules

Nuclei
AmB  12.58 ± 3.84  13.54 ± 2.60

ABCD  8.32 ± 2.67  13.83 ± 1.89

Mitochondria
AmB  13.42 ± 0.95  14.70 ± 4.82

ABCD  16.86 ± 2.09  16.28 ± 0.67

Golgi 
apparatus

AmB  0.71 ± 0.27  0.55 ± 0.06

ABCD  0.57 ± 0.18  0.68 ± 0.41

Granular 
endoplasmic
reticulum

AmB  2.08 ± 0.42  2.55 ± 0.79

ABCD  1.70 ± 0.05  1.92 ± 0.19

Pinocytic 
vesicles

AmB  3.25 ± 0.39  2.48 ± 0.29

ABCD  3.33 ± 0.35  2.33 ± 0.06

Lipid droplets
AmB  0.67 ± 0.35  0.51 ± 0.12

ABCD  0.78 ± 0.52  0.04 ± 0.04

Vacuoles
AmB  4.77 ± 1.83  2.48 ± 0.29

ABCD  4.97 ± 3.94  0.36 ± 0.19 *

Peroxisomes
AmB  1.05 ± 0.45 *  1.33 ± 0.81 *

ABCD  0.36 ± 0.01  0.32 ± 0.15

Lysosomes AmB  0.81 ± 0.47  0.93 ± 0.48

ABCD  0.61 ± 0.39  0.34 ± 0.17
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the epithelium of proximal tubules is more sensitive to 
both formulas than the cells in distal tubules. Significantly 
higher values of peroxisomes density after AmB adminis-
tration can be explained as a result of increased detoxicat-
ing activity in the cells. 
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