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Introduction
Widely used to prevent the rejection of transplanted tissue in the 
treatment of autoimmune diseases, tacrolimus is an immunosup-
pressive drug of the family of calcineurin inhibitors [1]. According 
to the research, tacrolimus has other impacts in addition to immu-
nosuppression including nephrotoxicity, neurotoxicity, gastroin-
testinal disorders, diabetes mellitus after transplantation and hy-
pertension [1, 2]. Tacrolimus is an effective treatment for prevent-
ing solid-organ transplant rejection, even after the failure of 
standard transplant rejection treatment. Common side effects of 
tacrolimus include nephrotoxicity and neurotoxicity (tremor, head-

ache, movement disorders, and seizures). The inhibition of cal-
cineurin phosphatase appears to be the cause of tacrolimus-in-
duced neurotoxicity. Meanwhile, renal complications are attribut-
ed to decrease glomerular blood flow and increased renal vascular 
resistance, which is associated with the increased endothelin-1-in-
duced release of thromboxane A2 or stimulation of renin secretion 
[3]. Treatment by tacrolimus leads to nephrotoxicity that causes 
serious problems [4, 5].

The renin-angiotensin system (RAS) directly regulates blood 
pressure through vascular contraction and indirectly leads to fluid 
and electrolyte homeostasis through central and peripheral mech-
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Abstr act

Background  Tacrolimus is an immunosuppressive drug. Ac-
tivation of the renin-angiotensin system (RAS) and associated 
inflammations may exacerbate the toxic effects of tacrolimus. 
Given the significant role of the kidney in RAS this study aimed 
to evaluate the effect of captopril as an angiotensin-converting 
enzyme (ACE) blocker and losartan as an angiotensin II receptor 
blocker on tacrolimus-induced nephrotoxicity.
Materials and Methods  In total, 36 adult male rats weighing 
200–250 gr were completely randomized and divided into six 
groups (control, tacrolimus, tacrolimus and losartan, tacroli-
mus and captopril, losartan, and captopril) for 30 days. After-
wards, blood urea nitrogen (BUN), creatinine (Cr) and ACE2 
enzyme were measured. Also, both kidneys were collected for 
histological examinations.
Results  The level of BUN and Cr significantly increased in tac-
rolimus group. The level of BUN and Cr were lower in the groups 
treated with a combination of tacrolimus and losartan or cap-
topril. While ACE2 level increased in the groups receiving a 
combination of tacrolimus and losartan or captopril, the level 
of increase was insignificant, compared to the group treated 
with tacrolimus alone. The glomerulus diameter and the thick-
ness of the renal proximal tubular epithelium significantly de-
creased in the group treated with tacrolimus alone. the men-
tioned variables increased in the group treated with a 
combination of tacrolimus and losartan or captopril, compared 
to the tacrolimus group.
Conclusion  According to this study, tacrolimus increased the 
BUN and Cr levels while decreasing the ACE2 levels. However, 
tacrolimus in combination with losartan or captopril seemed 
to decrease the nephrotoxicity of the drug.

243

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.

Article published online: 2021-03-12

https://doi.org/10.1055/a-1369-8651
mailto:behmanesh.ma@yahoo.com


Poormoosavi SM et al. Tacrolimus and Nephrotoxicity …  Drug Res 2021; 71: 243–249 | © 2021. Thieme. All rights reserved.

Original Article Thieme

anisms of hypertension [6, 7]. This system is well known owing to 
its role in blood pressure regulation and fluid homeostasis. None-
theless, many tissues need the system to function normally, and 
the system meets the needs of the tissues locally [8]. Recent stud-
ies show that the product of ACE gene expression is found in car-
diac endothelial cells, epithelial cells of the kidney tubules, and Ley-
dig cells [8]. Tacrolimus-induced nephrotoxicity occurs in 17–44 % 
of renal transplant recipients and 18–42 % of liver transplant recip-
ients [9]. The mechanism of acute tacrolimus-induced nephrotox-
icity remains unknown. Previous studies have demonstrated that 
tacrolimus may induce nephrotoxicity due to its ability to produce 
reactive oxygen species (ROS) through the activation of NADPH 
oxidase and disruption of antioxidant defenses [10].

Studies have shown the importance of RAS inhibitors in renal 
failure, and it has been shown that RAS inhibition is an effective 
method for intervening in the pathogenesis of renal disorders that 
reduces the clearance of creatinine (Cr) and, conversely, increases 
the activity of renin plasma [11, 12]. Studies show that tacrolimus 
disrupts RAS and is associated with increased oxidative stress. In 
addition, tacrolimus treatment significantly increases the blood 
urea nitrogen (BUN) and Cr levels. Meanwhile, evidence shows that 
the activation of RAS and inflammations may exacerbate the toxic 
effects of tacrolimus. Captopril and other drugs in this category in-
hibit the peptidyl dipeptidase converting enzyme, which hydrolyz-
es the angiotensin I converting enzyme (ACE), changing it into an-
giotensin II. Moreover, the mentioned drug has an inhibitory effect 
on the RAS. In general, ACE inhibitors play an important role in the 
treatment of patients with chronic renal diseases owing to their 
ability to eliminate proteinuria and stabilize the renal function even 
without reducing the blood pressure. These benefits may emerge 
due to the improved intramuscular hemodynamics along with de-
creased resistance of efferent arteriole, which reduces the glomeru-
lar capillary pressure. Angiotensin II receptor blockers (ARB) known 
as losartan and AT1 receptor antagonist drugs are a group of drugs 
that regulate the Renin-angiotensin-aldosterone system (RAAS). Lo-
sartan was the first generic ARB introduced to the market [13].

Given the increasing number of diseases affecting the immune 
system and the growing number of organ transplants, it is neces-
sary to examine the drugs used in this area and the effect of their 
interaction on various tissues, including the urinary tract. With re-
gard to the important role of the kidney in the RAS and consider-
ing the effects of the system’s productions on the renal tissue, the 
present study aimed to evaluate the toxic effects of tacrolimus on 
renal tissues and the impact of captopril drugs as ACE inhibitors 
and losartan as an ARB in this regard.

Materials and Methods

Animal housing
In this research, 36 adult male rats weighing 200–250 gr were di-
vided into six groups of six and were kept in standard conditions  
(a temperature of 25 °C degrees, 12–12 light-dark cycle) for 30 days 
[14]. The study was approved by the Ethics Committee of Dezful 
University (IR.DUMS.RFC.1396.24), and all the experiments were 
performed in accordance with the guidelines for the safe handling 
of animals.

Animal grouping
The first group (control) only received normal saline while the sam-
ples in the second group were administered intraperitoneally with 
a daily dose of 1 mg/kg of tacrolimus (Tac) (14). In addition, the 
third group received a concomitant daily dose of 1 mg/kg of tac-
rolimus and 100 mg/kg of captopril intraperitoneally (Tac + cap) 
[14, 15]. Moreover, the fourth group was administered intraperi-
toneally with a daily dose of 1 mg/kg of tacrolimus [3, 14] and 
80 mg/kg of losartan as gavage (Tac + los) [16], whereas the fifth 
group received a daily dose of 80 mg/kg losartan as gavage (Los) 
[16]. Ultimately, the sixth group received a daily dose of 100 mg/
kg of captopril as gavage (Cap) [15]. All treatments were given daily, 
for 30 days. The purpose of having groups 5 and 6 included in this 
study was to evaluate the possible effects of each of these drugs, 
when administered alone.

Samples collection
Eventually, the rats were anesthetized with chloroform and eutha-
nized by collecting blood from their hearts. Kidney function was 
investigated by serum urea (BUN) and creatinine (Cr) levels and His-
topathological chang .Rat’s serum was collected to measure BUN 
and Cr using the colorimetric method of Fawcett and Soctt, [17] 
and Peters [18] respectively and both kidneys were weighed after 
extraction. Afterwards, the tissues were fixed in 10 % formalin buff-
er, followed by normal preparation of 5–6 µ series tissue sections. 
Hematoxylin-eosin staining was conducted, and four slides of each 
kidney in each group were evaluated morphometrically and histo-
pathologically. In this regard, the thickness of the proximal tubular 
epithelial cells and glomerular diameter were assessed by Dino-Lite 
digital microscope and the related software. Moreover, the ACE2 
enzyme status was evaluated in different groups to determine the 
status of RAS using special rat kits (Catalog#MBS014209, MyBio-
source Company) and the ELISA method.

Statistical analysis
All the analyses were performed using SPSS version 16. Group’s 
variance were analyzed by one way Analysis of Variation (ANOVA) 
and Fisher’s least significant difference test (LSD) for evaluation of 
significant differences between groups. A P ≤ 0.05 was considered 
statistically significant.

Results
In this research, as shown in ▶Table 1. The BUN level increased sig-
nificantly in the group of animals treated solely with tacrolimus, 
compared to the control group (P ≤ 0.05). However, the BUN level 
was significantly lower in other groups administered concomitant-
ly with tacrolimus and captopril and losartan, compared to the 
group treated with tacrolimus alone (P ≤ 0.05). Nonetheless, there 
was still a significant increase in the mentioned groups, compared 
to the control group (P ≤ 0.05). On the other hand, no significant 
difference was observed between the control group and the groups 
treated with captopril and losartan alone in terms of the BUN level 
(P ˃  0.05). According to statistical results, as shown in ▶Table 1. 
the Cr level was significantly higher in the group treated with tac-
rolimus alone, compared to the control group (P ≤ 0.05). Neverthe-
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less, it was significantly lower in the group of rats treated with a 
combination of captopril and tacrolimus, compared to the group 
administered with tacrolimus alone (P ≤ 0.05). Still, the Cr level was 
higher in the mentioned group, compared to the control group 
(P ≤ 0.05). On the other hand, no significant difference was ob-
served between the control group and the groups treated with lo-
sartan alone and captopril alone regarding Cr levels (P ˃  0.05).

In this study, as shown in ▶Table 1, the amount of ACE2 was sig-
nificantly lower in the group treated with tacrolimus alone, com-
pared to the control group (P ≤ 0.05). However, the ACE2 level in-
creased in the groups administered concomitantly with tacrolimus 
and captopril and losartan, compared to the group administered 
with tacrolimus alone. Nevertheless, this increase was insignificant 
(P ˃  0.05). According to the results, there was no significant differ-
ence between the control group and the groups treated with losar-
tan alone and captopril alone in terms of ACE2 amount (P ˃  0.05).

The results as shown in ▶Table 2. were indicative of no signifi-
cant difference among the groups regarding kidney weight 
(P ˃  0.05). However, the glomerulus’s diameter was significantly re-
duced in the group treated with tacrolimus, compared to the con-
trol group (P ≤ 0.05). While the mentioned variable was significant-
ly higher in the groups treated with a combination of captopril and 
tacrolimus and a combination of losartan and tacrolimus, com-
pared to the group administered with tacrolimus alone(P ≤ 0.05), 
it was still significantly lower, compared to the control group 
(P ≤ 0.05). Furthermore, no significant difference was observed be-
tween the control group and the groups treated with losartan alone 
and tacrolimus alone in terms of glomerulus diameter (P ˃  0.05). 
The thickness of the renal proximal tubular epithelium was signifi-
cantly lower in the group treated with tacrolimus alone, compared 
to the control group (P ≤ 0.05). However, the mentioned variable 
was significantly higher in the group treated with a combination of 
captopril and tacrolimus and the group administered with a com-
bination of losartan and tacrolimus, compared to the group admin-
istered with tacrolimus alone (P ≤ 0.05). Nonetheless, this amount 
was still significantly lower, compared to the control group. Mean-
while, no significant difference was observed between the control 
group and the groups treated with losartan alone and captopril 
alone in terms of the thickness of the renal proximal tubular epi-
thelium (P ˃  0.05). (▶Table 2) (▶Fig. 1– 4).

According to ▶Fig. 5 and 6 necrosis in the tubules and kidney 
glomerular hemorrhage was observed in the kidney cross section 
of all rats administered with a combination of losartan and tacroli-
mus or captopril and tacrolimus respectively. However, the level of 
necrosis and hemorrhage was lower, compared to the group treat-
ed with tacrolimus alone ▶Fig. 7.

Discussion
Tacrolimus is a macrolide drug with immunosuppressive activity 
used as an immunosuppressant to reduce the level of organ trans-
plant rejection. One of the complications of the long-term use of 
this drug is nephrotoxicity. However, the acute toxicity mechanism 
of tacrolimus remains unknown. Previous studies have suggested 
that tacrolimus’s ability to produce ROSs through the activation of 
NASPH oxidase and disruption of antioxidant defenses might be re-
sponsible for nephrotoxicity caused by the drug [19]. Several stud-
ies have also explained the role of RAS in tacrolimus-induced ne-
phrotoxicity [11, 20]. Given the crucial role of kidneys in the RAS 
and with regard to the effect of the productions of the system on 
the renal tissue, and considering other toxic impacts of tacrolimus 
on kidney tissue structure, we evaluated the effects of captopril as 
an ACE blocker and losartan as an ARB on the nephrotoxicity of tac-

▶Table 1 	 Serum urea and creatinine levels of control and treated rats.

Para­
meters

Urea  
(mg dL − 1)

Creatinine 
(mg dL − 1)

angiotensin-convert­
ing enzyme (U/L)

Group
Control 25.7 ± 4.61c 3.23 ± 5.13c 6.64 ± 3.53a

Tac 98.24 ± 3.72a 12.75 ± 4.21a 2.91 ± 4.43b

Tac + Cap 49.31 ± 5.1b 6.62 ± 3.64b 3.67 ± 3.71b

Tac + Los 57.55 ± 2.93b 5.97 ± 6.23b 3.18 ± 4.2b

Los 24.31 ± 4.9c 3.59 ± 3.16c 5.98 ± 4.3a

Cap 26.57 ± 3.12c 3.98 ± 4.23c 5.23 ± 4.1a

Values are presented as mean ± S.E. (n = 6 animals/group). Letters a, b 
and c in each column indicate significant differences at p ≤ 0.05.

▶Table 2 	 Weight and histopathological changes of kidneys in different 
groups.

Para­
meters

Kidney 
weight (g)

glomerulus 
diameter (µ)

thickness of 
proximal tubular (µ)

Group
Control 4.65 ± 3.74a 295.7 ± 4.2a 48.33 ± 4.7a

Tac 3.93 ± 4.33a 126.7 ± 3.56c 13.42 ± 4.1c

Tac + Cap 4.3 ± 3.15a 166.3 ± 3.9b 32.17 ± 3.3b

Tac + Los 3.88 ± 5.24a 159.4 ± 4.5b 30.36 ± 4.1b

Los 4.23 ± 3.17a 315.6 ± 5.7a 47.74 ± 6.1a

Cap 4.71 ± 4.12a 287.3 ± 4.2a 49.38 ± 5.4a

Values are presented as mean ± S.E. (n = 6 animals/group). Letters a, 
b and c in each column indicate significant differences at p ≤ 0.05.

▶Fig. 1	 Light photomicrographs of the kidney in control group. 
(H&E, X400). glomerulus has normal diameter. thickness of the 
proximal tubular epithelium is normal.
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rolimus. According to the results, the BUN level significantly in-
creased in the group treated with tacrolimus, compared to the con-
trol group. In this regard, our findings are in line with the results 
obtained by Nakatani et al. (2003). In the mentioned research, the 
daily consumption of tacrolimus for two weeks significantly in-
creased BUN and Cr in the samples [21]. However, the BUN level 
significantly decreased in the groups administered with a combi-
nation of tacrolimus and captopril or losartan, compared to the 
group treated with tacrolimus alone.

According to the results of the current research, the Cr level sig-
nificantly increased in rats treated with tacrolimus alone, compared 
to the samples in the control group, which is consistent with the 
results obtained by Nakatani et al. While the level of Cr was lower 
in the groups treated with a combination of tacrolimus and capto-
pril and losartan, compared to the group administered with tac-
rolimus alone, it was still higher than the control group. Nakatani 
et al. (2003) concluded that the activity of RAS increased BUN and 
Cr in the samples [21], which is similar to the results obtained in 
the present study. Moreover, our findings demonstrated that the 
administration of tacrolimus increased BUN and Cr levels, and the 
use of captopril and losartan reduced tacrolimus-induced nephro-
toxicity.

In a research by Deniz et al., RAS inhibition regulated the expres-
sion of fibrogenic cytokines in rats, thereby showing a decrease in 
tacrolimus-induced nephrotoxicity [22], which is congruent with 
our findings. In the current research, RAS inhibition through the 
prescription of captopril and losartan reduced tacrolimus-induced 
nephrotoxicity even though the changes were insignificant. In a re-
search in 2014, Hošková et al. evaluated the effect of hypertension 
and tacrolimus-induced nephrotoxicity in rats mediated with RAS 
inhibition. According to the results, the long-term use of tacroli-
mus led to hypertension and renal damage in rats and chronic renal 
failure, especially due to increased renal RAS activity. Dual inhibi-
tion of RAS by ACEI and ARB drugs during four months of treatment 
with tacrolimus had antihypertensive and anti-nephrotoxic prop-
erties not only in rats with hypertension but also in samples with 
normal blood pressure [23]. In this respect, our findings are in ac-
cordance with the mentioned results, supporting the hypothesis 
that RAS inhibitors had proper protective properties against ne-
phrotoxicity during treatment with a calcineurin inhibitor [24]. In 
the current study, the level of ACE2 was significantly lower in the 
group treated with tacrolimus, while an insignificant increase was 
observed in the groups administered with a combination of tacroli-
mus and captopril and losartan, compared to the group treated 
with tacrolimus alone.

In a research, Kidokoro et al. (2012) marked that the tacrolimus-
induced glomerular injuries were due to oxidative stress caused by 

▶Fig. 3	 Light photomicrographs of the kidney in tacrolimus and 
losartan group. (H&E, X400). The glomerulus’s diameter and renal 
proximal tubular epithelium was higher than tacrolimus group.

▶Fig. 2	 Light photomicrographs of the kidney in tacrolimus group. 
(H&E, X400). The glomerulus’s diameter was reduced. The thickness 
of the renal proximal tubular epithelium was lower than control group.
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the activation of NADPH oxidase, and RAS inhibitors exerted a pro-
tective impact through their antioxidant activity [4]. According to 
the results of the mentioned study and the present research, the 
glomerulus diameter decreased in rats treated with tacrolimus. 
Therefore, the tacrolimus-induced glomerulus injuries seemed to 
be due to oxidative stress caused by the activation of NADPH oxi-
dase. Given the fact that the glomerulus diameter was higher in the 
groups treated with a combination of tacrolimus and captopril and 
losartan, compared to the group administered with tacrolimus 
alone, our findings are consistent with the results obtained by Ki-
dokoro et al., and it could be concluded that the antioxidant activ-
ities of RAS inhibitors could be a cause of tacrolimus-induced ne-
phrotoxicity [5].

In 1994, Takashi et al. performed a study to evaluate the effect 
of tacrolimus on glomeruli, reporting that tacrolimus-induced ne-
phrotoxicity occurred as a result of impairment of glomerular func-
tion related to the contraction of renal arteries [25]. In this respect, 
our findings are in line with the results of the mentioned study. Ac-
cording to the results of the present research, the thickness of the 
renal proximal tubular epithelial cells was significantly lower in the 
group treated with tacrolimus alone, compared to the control 
group. On the other hand, the mentioned variable was significant-
ly higher in the groups treated with a combination of tacrolimus 
and captopril and losartan, compared to the group administered 

with tacrolimus alone. Nonetheless, it was still significantly lower 
than the control group. In a research by Han SY et al. (2006), cyclo-
sporine and tacrolimus caused renal damage by free radicals [26], 
which is consistent with our findings regarding tacrolimus-induced 
renal damage. In 2006, Liptak & Ivanyi pointed out that cyclo-
sporine and tacrolimus-induced chronic nephrotoxicity was detect-
ed based on the necrosis of smooth muscles of afferent vessels and 
formation of proximal tube vacuoles [27]. In this regard, our find-
ings are in line with the results of the aforementioned research.

In another, Naesens et al. (2009) evaluated the effect of tacroli-
mus on glomerulus and renal tubules, and the results were indica-
tive of a relationship between the consumption of calcineurin in-
hibitors and reversible and irreversible changes and damage to the 
renal parts, including glomeruli, arteries, and tubules [28]. In line 
with the results of the mentioned study, our histopathological re-
sults demonstrated that treatment with tacrolimus alone caused 
glomerular and renal proximal tubular destruction.

Conclusion
According to the results of the current research, tacrolimus con-
sumption increased BUN and Cr levels while decreasing the ACE2 
level in the samples, thereby causing renal damage and nephrotox-
icity. However, concomitant use of tacrolimus and captopril and 
losartan repaired the tacrolimus-induced renal damage through 

▶Fig. 4	 Light photomicrographs of the kidney in tacrolimus and 
captopril group. (H&E, X400). The glomerulus’s diameter and renal 
proximal tubular epithelium was higher than tacrolimus group.

▶Fig. 5	 Light photomicrographs of the kidney in tacrolimus and 
losartan group. (H&E, X400). Tubular necrosis and glomerular hem-
orrhage was lower than tacrolimus group.
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the reduction of BUN and Cr levels and increase of ACE2, which was 
clearly observed in kidney tissue sections.
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