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Background: The kidneys are considered one of the most susceptible organs for adverse 
drug effects, particularly in post-transplant conditions. Tacrolimus (FK506), a calcineurin 
inhibitor immunosuppressant, is an essential component in the transplantation regimen. 
Despite that, nephrotoxicity is a severe drawback for its chronic utilization, where oxidative 
stress might be implicated. Kaempferol (KMF) is a natural flavonoid that has many adaptable 
biological activities, including antioxidant action.
Objective: Exploring the KMF protective effect on FK506-induced nephrotoxicity and the 
underlying role of calcineurin B1.
Methods: Twenty-four male albino-Wistar rats were randomly divided into three equal 
groups. The control group received solvents: propylene glycol, i.p. and 0.5% carboxymethyl 
cellulose, PO; FK506 group was injected with FK506 (0.6 mg/kg, i.p.), and FK506+KMF 
group was given FK506 (0.6 mg/kg, i.p.) and KMF (10 mg/kg, PO). The treatment regimen 
for all groups was once daily for 30 days. ELISA technique applied for measuring FK506 
trough level and nephrotoxicity biomarkers in serum (cystatin C and urea) on days 15 and 30, 
and in kidney tissue homogenate (MDA and calcineurin B1) on day 30.
Results: In FK506-treated rats, the FK506 trough level was 7.84 ± 1.31 ug/l on day 15 and 
9.54 ± 1.45 ug/l on day 30. FK506 use has significantly (P<0.01) increased biomarkers levels 
of cystatin C (325% and 477%), urea (177% and 245%), MDA (1253%), except calcineurin 
B1 that has decreased (97%). The KMF combination has resulted in a significant reduction in 
the FK506 trough level by day 30 (6.79 ± 1.35 ug/l, P<0.01). KMF has significantly 
ameliorated the levels of cystatin C (46% and 73%, P<0.001), urea (38% and 68%, 
P<0.001), MDA (75%, P<0.001), and calcineurin B1 (1833%, P<0.05).
Conclusion: Oxidative stress and calcineurin B1 are contributing factors in FK506-induced 
nephrotoxicity. Hence, inhibition of calcineurin enzyme is not limited to the immune cells. 
KMF could be a novel nephroprotective antioxidant.
Keywords: FK506, kaempferol, calcineurin B1, nephrotoxicity, biomarkers

Introduction
Homeostasis of many physiological parameters depends, to a substantial degree, on 
vital functions of the renal system.1 Indeed, a lot of therapeutic and diagnostic 
substances can induce considerable nephrotoxic effects that could progress to acute 
kidney injury (AKI) and advanced state of chronic kidney disease (CKD), particu
larly renal fibrosis.2,3 Nephrotoxic drugs participate in 6% of the community and 
20% of hospital-acquired AKI episodes.4 Among the elderly patients, drug-induced 
nephrotoxicity contributed to up to 66% of hospitals developed AKI.5
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Tacrolimus, also known as FK506, is a lipophilic macro
lide compound. It was isolated from Streptomyces tsuku
baensis bacteria and classified as a calcineurin inhibitor 
(CNI) immunosuppressant.6 For its use as anti-rejection, 
the first official approval of FK506 was in Japan in 1993.7 

Even though CNIs have contributed to transplantation 
advancement, but they can cause severe complications. 
The FK506-based therapeutic regimen has a variety of 
side effects, including acute and chronic nephrotoxicity. 
Acute toxicity usually results from afferent arteriolar vaso
constriction and rarely from thrombotic microangiopathy. In 
contrast, chronic toxicity occurs after long-term exposure to 
FK506 that eventually causes interstitial fibrosis, tubular 
atrophy, and allograft rejection.8

Optimization of FK506-based therapy through mini
mizing adverse effects and exploring the relevant patho
physiological factors are our primary goals in this study. 
Flavonoids are of leading botanical secondary metabolites 
and a common constituent in fruits, vegetables, and plant- 
derived foods. Due to their low toxicity and considerable 
health benefits in minimizing the risk of chronic diseases, 
Flavonoids received increased attention in pharmaceutical 
research and development.9

Kaempferol (KMF) is a natural flavonol metabolite, a 
class of flavonoids, named for German naturalist called 
Engelbert Kaempfer (Figure 1). It is a yellow crystalline 
substance with a molecular weight of 286.239 g/mol. KMF 
has a diphenylpropane structure (C15H10O6), responsible 
for its lipophilic property, and IUPAC name 3,5,7-trihy
droxy-2-(4-hydroxyphenyl)chromen-4-one.10 It has been 
identified in conventional and medicinal plants, fruits, 
and vegetables such as saffron, capers, chard, chives, 
collards, cress, chia seeds, cabbage, kale, radish, onions, 
arugula, broccoli, endive, mustard, spinach, and dill. In the 
regular human diet, the average intake of flavonols and 
flavones estimated 23 mg/day, of which KMF contributed 
approximately to 17%.11–13

According to preclinical and epidemiological studies, 
KMF has various health benefits and biological activities. It 
may prevent, reduce the risk, and treat various diseases 
through its actions as anti-inflammatory, antimicrobial, antic
ancer, neuroprotective, cardioprotective, anti-osteoporosis, 
anxiolytic, analgesic, antiallergic, and antidiabetic.15–17

For an in-depth comprehension of nephrotoxicity, cal
cineurin enzyme has been specified as a potential patho
genic factor. Calcineurin is a calcium/calmodulin- 
dependent heterodimer protein phosphatase consisting of 
a catalytic A subunit (α, β, γ isoforms) and a regulatory B 
subunit (B1 and B2 isoforms). Although predominantly 
found in neural tissues, calcineurin localized with different 
expression levels in many tissues and organs, including 
kidneys, and involved in many biological and signal trans
duction pathways. The calcineurin B1 isoform (CnB1) is 
associated with α and β isoforms of calcineurin A (CnA) 
and encoded by the PPP3R1 gene located on chromosome 
2. The cytosolic complex of FK506/FKBP12 can bind to 
the calcineurin B subunit and resulting in noncompetitive 
inhibition of its phosphatase activity.18–20

Last but not least, this experimental study aimed at KMF 
selection to attenuate the nephrotoxic effect of FK506 and to 
explore the underlying role of CnB1 in nephrotoxicity.

Materials and Methods
Animals
This experiment has conducted on 24 male albino-Wistar 
rats weighing 180–230 g and aged eight weeks. The lab 
rats were brought from animal housing at King Fahd 
medical research center, Saudi Arabia. The animal welfare 
practices were following the National Committee of 
Bioethics (NCBE) and WSAVA guidelines. Throughout 
the experiment period, rats have ad libitum access to 
water and feed on a standard rodent chow diet. All animals 
were housed under ideal laboratory conditions (12 hours 
dark/light cycle at constant temperature 22–25°C, and 
45–55% relative humidity). This study has conducted 
after getting the initial approval of the experiment protocol 
(Reference No. 349–18) from the local unit of biomedical 
ethics (Research Ethics Committee) in the Faculty of 
Medicine, King Abdulaziz University.

Chemicals
FK506 powder (HuiChem company, China; CAS 
No.104987–11-3); KMF powder (Natural Field company, 
China; CAS No.520–18-3); Carboxymethylcellulose 
(CMC) sodium powder (Sigma Aldrich, USA; CAS No. Figure 1 Chemical structure of KMF.14
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9004–32-4); Propylene glycol (PG) (Sigma Aldrich, USA; 
CAS No.57–55-6); Distilled water.

Instruments
Tissue Homogenizer (Polytron PT10/35, Kinematica, 
Switzerland), Absorbance Microplate Reader (ELx808, 
BioTek, USA), Microplate Washer (ELx50, BioTek, 
USA), Lab Incubator (MIR-162, SANYO, Japan), 
Refrigerated Centrifuge (2–16KL, SIGMA, Germany), 
Digital Analytical Balance (PW254, Adam Equipment, 
UK), Lab Freezer (−80°C), Lab Refrigerator (2–8°C), 
Single/Multi-channel pipettes (Diamond Pipettors, Globe 
Scientific, USA), Laboratory consumables.

Drugs Preparation
FK506 and KMF powder have dissolved in PG and 0.5% 
CMC, respectively, as five days stock solution to ensure 

physiochemical stability. The preparations were kept in 
light protected bottles and stored between 2–8 C. 
According to rat weight, the daily doses of FK506 and 
KMF have been calculated to ensure dose accuracy.

Study Design
As in vivo animal model, this experiment carried out on 24 
rats for 30 days. The rats have randomly divided into three 
equal groups (Figure 2). The control group (8 rats) 
received the solvents (0.1 mL of PG, i.p.) and (0.5 mL 
of 0.5% CMC, PO) once a day; the FK506 group (8 rats) 
was injected with the FK506 drug (0.6 mg/kg, i.p.) once a 
day; FK506 + KMF group (8 rats) was given both of the 
FK506 (0.6 mg/kg, i.p.) and KMF (10 mg/kg, PO) once a 
day. The animal equivalent dose of FK506 has been cal
culated based on post-transplants human prophylaxis dose 

Figure 2 Design of nephrotoxicity study on rats.
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(0.1 mg/kg/day). The concept of dose extrapolation 
between species was considered.21

Preparation of Serum Samples
After anesthesia of rats by diethyl ether, blood sampling 
has drawn via the retro-orbital puncture (4 mL) on day 15 
and from the abdominal aorta artery (10 mL) on day 30. 
The collected blood in serum separator tubes kept at room 
temperature for 15 minutes to allow for clotting. By cen
trifugation at 4000 × g for 10 minutes, the serum has 
separated and then stored at −80 °C until assay time.

Preparation of Renal Homogenate
From each rat, on day 30, a kidney was removed following 
euthanasia of the anesthetized rats by aortic exsanguina
tion. About 0.1 g of the renal tissue immediately frozen in 
the dry ice (the solid form of CO2) and then kept at −80°C. 
After the addition of 1% cold PBS (10x mL/g), the tissue 
samples mechanically homogenized for five seconds and 
promptly kept in the iced water and then at −80°C. On the 
assay day, to separate the supernatant for analysis, the 
renal homogenates were transferred into the Eppendorf 
tubes (1.5 mL) and centrifuged at 4000 × g (at 4 °C) for 
30 minutes.

Measurement of FK506 Trough Level
In rats serum, on days 15 and 30, the trough Level of 
FK506 was measured by competitive enzyme-linked 
immune-sorbent assay (ELISA) technique according to 
catalog No. MBS288390, MyBioSource, USA. The mini
mum detection level of the assay kit is 0.069 ng/mL, with 
an intra-assay coefficient of variation (≤ 4.9%). The opti
cal density (OD) of samples have spectrophotometrically 
determined at a wavelength of 450 nm. Based on the 
standard curve, the FK506 concentration was calculated.

Measurement of Nephrotoxicity 
Biomarkers
Serum Cystatin C and Urea Levels
Serum levels of cystatin C and urea were determined on 
days 15 and 30 by sandwich ELISA technique and accord
ing to manual No. MBS763996 and MBS2600001, 
MyBioSource, USA. The minimum detection levels of 
assay kits are 18.75 pg/mL and 0.6 mmol/L, respectively, 
with an intra-assay coefficient of variation (< 8%). At a 
wavelength of 450 nm, the OD measured to calculate 

analytes concentration in the samples based on the stan
dard curve.

Renal MDA and CnB1 Levels
In the renal homogenate, by the thirtieth day, MDA and 
CnB1 concentrations were determined by the competitive 
and sandwich ELISA technique according to manual No. 
MBS738685 and MBS450043, MyBioSource, USA. The 
OD of the samples was measured at a wavelength of 450 
nm. The minimum detection levels of assay kits are 1.0 ng/ 
mL and 0.104 ng/mL, respectively, with an intra-assay 
coefficient of variation less than 10%.

Total Protein Quantitation
For accurate data, total protein content in the rats’ kidney 
was quantified by colorimetric BCA assay according to 
catalog No. 23,227, ThermoFisher, USA. The sample 
absorbance was measured spectrophotometrically at a 
wavelength of 562 nm with an assay detection level 
down to 5 µg/mL (coefficient of variation 14.7%).

Statistical Analysis
It has done this through the use of statistical and graphing 
software SPSS v25.0 and GraphPad Prism v8.0.1. The 
results were presented as means ± standard error of the 
mean (SEM). A P-value of less than 0.05 has been con
sidered statistically significant. The one-way ANOVA test, 
followed by appropriate post hoc tools (Tukey-HSD or 
Games-Howell), was used to identify statistically signifi
cant differences among groups.

Results
As shown in (Table 1), the mean values of FK506 trough 
level and nephrotoxicity biomarkers have been statistically 
analyzed and compared between groups to make infer
ences about FK506 and KMF effects as illustrated below:

Effect of KMF on FK506 Trough Level
The presented data in (Table 1) and (Figure 3) showed that 
KMF combined use with FK506 for 30 days has led to a 
statistically significant decrease in FK506 trough level 
(P<0.01; 29%) while by day 15 its effect was non- 
significant.

Effect of FK506 and KMF on Serum 
Cystatin C and Urea Levels
The sole use of the FK506 led to a significant (P<0.001) 
increase in cystatin C and urea levels by day 15 (177% and 

Ali et al                                                                                                                                                                Dovepress

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                       

Journal of Experimental Pharmacology 2020:12 400

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


325%) and day 30 (245% and 477%) in comparison to the 
control group (Table 1). Upon KMF combination with 
FK506, it resulted in a significant (P<0.001) decline in 
cystatin C and urea levels, whether day 15 (38% 46%) or 
day 30 (68% and 73%) compared to the FK506 group; 
however, cystatin C and urea levels remained higher than 
those in the control group (Figures 4 and 5).

Effect of FK506 and KMF on Renal MDA 
and CnB1 Levels
The data in (Table 1) and (Figures 6 and 7) showed that 30 
days of FK506 injection has significantly increased MDA 
concentration (P<0.001, 1253%) accompanied by a 
decrease in the CnB1 level (P<0.01, 97%). The inclusion 
of KMF resulted in a significant decline in the MDA 

Table 1 Effect of FK506 and KMF on FK506 Trough Level and Nephrotoxicity Biomarkers

Biomarkers (n=8) FK506 vs. Control FK506 + KMF vs. FK506

P-value % Change P-value % Change

FK506 Trough Level (ug/l) Day 15 0.000*^ %ꜛ 0.870^ 6%ꜜ
Day 30 0.000*^ %ꜛ 0.002*^ 29%ꜜ

Serum Cystatin C Level (mg/l) Day 15 0.000*^ 177%ꜛ 0.000*^ 38%ꜜ
Day 30 0.000*^ 325%ꜛ 0.000*^ 68%ꜜ

Serum Urea Level (mg/dl) Day 15 0.000*+ 325%ꜛ 0.000*+ 46%ꜜ
Day 30 0.000*^ 477%ꜛ 0.000*^ 73%ꜜ

Renal MDA Level (nmol/mg) Day 30 0.000*+ 1253%ꜛ 0.000*+ 75%ꜜ
Renal CnB1 Level (ng/mg) Day 30 0.002*+ 97%ꜜ 0.012*+ 1833%ꜛ

Notes: ^One-way ANOVA test with Tukey HSD post hoc test (Levene’s test P > 0.05); +One-way ANOVA test with Games-Howell post hoc test (Levene’s test P < 0.05); 
*Significant difference (P < 0.05); ꜛIncrease; ꜜDecrease. 
Abbreviations: n, number of rats/group; SD, standard deviation.

Figure 3 KMF impact on FK506 trough levels in rats. Data are expressed as means ± SEM. #Non-significant decrease compared with the FK506 group; *Significant (P<0.01) 
decrease compared with the FK506 group.

Dovepress                                                                                                                                                               Ali et al

Journal of Experimental Pharmacology 2020:12                                                                          submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
401

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Figure 4 FK506 and KMF effectiveness on serum cystatin C level. Data expressed as means ± SEM. *Significant (P<0.001) increase in comparison with the control group; 
#Non-significant decrease compared with the control group; **Significant (P<0.001) decrease compared with the FK506 group.

Figure 5 Urea levels in rats serum after FK506 and KMF use for 15 and 30 days. Data expressed as means ± SEM; *Significant (P<0.001) increase compared with the control 
group; #Non-significant increase in comparison with the control group; **Significant (P<0.001) decrease compared with the FK506 group.
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concentration (P<0.001, 75%) with a considerable 
improvement in the CnB1 levels (P<0.05, 1833%).

Discussion
FK506 is one of the outstanding immunosuppressants that 
was and still used to prevent allogeneic transplant rejec
tion. Unfortunately, FK506-based regimens have a variety 
of significant limitations and side effects, including 
nephrotoxicity. As a narrow therapeutic window drug, 
pharmacokinetic variability can affect FK506 trough 
level, efficacy, and side effects. Whether in rat or human, 
the FK506 metabolism mainly occurs in the liver in addi
tion to the gut and kidney. More than 90% of FK506 
dosage metabolizes by the CYP3A subfamily (CYP3A4 
and CYP3A5 in humans and CYP3A2 in rats).22,23 P-gp, a 
cellular efflux transporter, also plays a significant role in 
FK506 pharmacokinetic. Both CYP3A and Pgp activity 
significantly influenced by a complex interplay between 
the genetic polymorphisms and inhibitory or inductive 
effects of many drugs, herbs, food constituents, and endo
genous substances that can affect FK506 blood level.24,25

Many drugs and phytochemicals are substrates for both 
CYP3A4 and P-gp. In the present study, to avoid any 
influence on bioavailability, the FK506 was injected intra
peritoneal, while KMF was given orally despite having 
low oral bioavailability (13%) and short half-life (1.5 
hours).26 We found that KMF combination with FK506 
drug can significantly reduce its trough level by day 30 
(Table 1) (Figure 3). According to this experiment and 
other studies, the increase in total body clearance due to 
KMF is the fundamental reason for the decline in the 
FK506 level. The prolonged exposure to KMF and its 
Quercetin metabolite can induce P-gp and CYP3A4 activ
ity and therefore resulting in high drug clearance. In this 
context, an in vitro study conducted on human Caco-2 
cells has shown that ten days utilization of KMF signifi
cantly increased the P-gp mRNA expression by twofold. 
In contrast, Quercetin metabolites increased the mRNA 
expression for both P-gp and CYP3A4 by a factor of 3.6 
and 2.2, respectively.27 Another in vitro study on Caco-2 
cells confirmed that three consecutive days of KMF and 
Quercetin treatment could induce a considerable increase 
in the mRNA expression for both P-gp and CYP3A4.28

Figure 6 MDA levels in rats kidney following 30 days of treatment with FK506 and KMF. Data expressed as means ± SEM; *Significant (P<0.001) increase in comparison with 
the control group; **Significant (P<0.001) decrease compared with the FK506 group; ***Significant (P<0.01) decrease compared with the control group.
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The duration of body exposure to KMF appears to be 
critical for its interaction with drugs. According to a study 
on rats, a single oral dose of KMF (12 mg/kg) could 
significantly enhance some etoposide pharmacokinetic 
parameters after oral or intravenous administration.29 

Inhibition of P-gp and CYP3A4 is more rapid and can 
produce an effect within a short time, especially if compe
titive inhibition, while induction of functional expression 
of such proteins is a slow process and may require a more 
extended period dependent on the rate of protein 
synthesis.30 Therefore, KMF can act as an inhibitor or 
inducer of P-gp and CYP3A4, depending on the length 
of exposure (Table 1) (Figure 3).

Drug-induced nephrotoxicity is one of the most com
mon incidents in clinical practice that directly or indirectly 
result in renal injury. In this study, FK506-induced nephro
toxicity has been assessed by a variety of biomarkers in 
serum and renal homogenate (Table 1). Measurement of 
the FK506 level in blood is variable and may not always 
give a good indication for overall body exposure, espe
cially early after transplantation. Local kidney exposure to 
FK506 could be more realistic and serious. It can induce 

reversible and irreversible adverse effects on many renal 
compartments, including glomerular sclerosis, tubular 
atrophy, arteriolar hyalinosis, and interstitial fibrosis. 
Therefore, the assessment of physiological effects with 
therapeutic drug monitoring may help in ensuring effective 
and safe FK506 use.31

Reducing nephrotoxicity incidence requires understand
ing the underlying pathogenic factors and mechanisms. It is 
a multifactorial process that begins with acute local inflam
mation, oxidative stress, renal vasoconstriction, and ends 
with a chronic fibrogenic response after prolonged FK506 
use.32 Deleteriously, FK506 repeated injection affected 
renal biomarkers in serum and tissue homogenate 
(Table 1). The results of this study are consistent with the 
previous in that FK506-induced nephrotoxicity can be char
acterized by increased levels of cystatin C and urea (Figures 
4 and 5).33,34 It is well recognized that cystatin C and urea 
concentrations in serum depend on the glomerular filtration 
rate (GFR), which could decline due to renal injury.35 In 
renal homogenate, the significant increase in the MDA level 
(Figure 6) is an index for oxidative stress, subsequent 
cytotoxicity, and renal injury. Oxidative stress is a common 

Figure 7 Effect of FK506 and KMF on CnB1 concentration in rats kidney. Data expressed as means ± SEM. *Significant (P<0.01) reduction in comparison with the control 
group; **Significant (P<0.05) increase compared with FK506 group; #Non-significant difference between FK506+KMF and control groups.
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pathogenic pathway in CNI-induced renal injury and CKD 
patients.36,37 The high MDA level is potentially due to 
enhanced production of reactive oxygen species (ROS), 
including superoxide radicals, hydrogen peroxide, and 
hydroxyl radicals. Preclinical studies have confirmed that 
FK506 use can boost ROS generation that ultimately leads 
to cell apoptosis.38–41

On the other hand, renal CnB1 concentration has mark
edly reduced in FK506-treated rats (Figure 7). In a multitude 
of organs, including the kidneys, calcineurin enzyme 
expresses at high levels and performs critical processes in 
various cells and tissues, such as T cell activation, angiogen
esis, cardiac hypertrophy, muscle, and neural development.19 

Since inhibition of the calcineurin/NFAT pathway is not 
specific to the immune cells, CNIs can cause sweeping 
harmful changes involved in a diverse array of pathological 
conditions, including nephrotoxicity.42,43 Sirolimus 
(Rapamycin) is a structural analog of FK506 but has less 
nephrotoxicity. Although it binds to the same cytosolic 
FKBP-12, Sirolimus/FKBP-12 complex inhibits the mTOR 
pathway other than calcineurin/NFAT.44,45 The calcineurin 
subunits and isoforms might contribute to distinct aspects of 
calcineurin activity in the setting of immune function and 
adverse drug effects.46 For calcineurin being a heterodimer 
protein, the CnB subunit noncovalently attaches to the bind
ing domain of the CnA subunit. In an in vivo study, the 
transgenic mice lacking α isoform of CnA (CnAα) repro
duced histological features similar to CNI related nephro
toxicity, whereas loss of the β isoform did no.47 To our 
knowledge, the pathophysiological roles of renal CnB1 are 
still not extensively investigated. Most studies have mea
sured the effect of FK506 and other CNIs on calcineurin 
activity but not on its expression level in the kidney and 
other organs. Accordingly, the relation between nephrotoxi
city and low CnB1 expression level is rationalize by high 
accumulation of FK506 in the kidney and negative feedback 
regulation. This study may offer valuable insight into this 
novel pathway.

To protect the non-immune tissues from CNI toxicity, 
we have selected KMF as a natural antioxidant flavonoid.
48 KMF can work as a cellular antioxidant combating 
FK506 generated ROS and oxidative stress.49,50 

Combining KMF with FK506 drug has brought about a 
significant decline in the levels of cystatin C (Figure 4), 
urea (Figure 5), and MDA (Figure 6) that might be due to 
improving the glomerular filtration. Moreover, KMF has 
significantly improved renal CnB1 concentration 
(Figure 7). It reported that oxidants and oxidative 

processes could inactivate the calcineurin phosphatase 
enzyme, and antioxidants protect it.51,52

In contrast, in a study about natural CNI compounds, 
KMF and Quercetin have exhibited a noncompetitive inhi
bitory effect on calcineurin phosphatase activity in purified 
enzymes and Jurkat T-cells models. The CnA subunit 
might be mediating the mechanism of inhibition that 
enhancing in the presence of calmodulin and calcineurin 
B subunit. Furthermore, KMF and Quercetin have shown 
inhibitory activity against IL-2 gene expression.53,54 A 
meta-analysis of independent gene expression datasets 
with computational drug repurposing analysis has pre
dicted that KMF is among the top-ranked novel com
pounds with anti-fibrotic effects against interstitial 
fibrosis and tubular atrophy.55 Accordingly, KMF could 
be a CNI with nephroprotective activities when combined 
with FK506 drug and nephrotoxic CNIs.

Conclusion
FK506 inhibition of calcineurin enzyme is not specific to 
the immune cells and includes the kidneys. The low renal 
concentration of CnB1 following FK506 use could justify 
the pathogenesis of nephrotoxicity. Prolonged KMF expo
sure has reduced the FK506 trough level in serum. 
Independently, the KMF combination has lessened the 
levels of urea, cystatin C, MDA, with a considerable 
increase in the CnB1. It can work as cellular antioxidant 
combating FK506-generated oxidative stress. 
Consequently, KMF could be a novel nephroprotective 
antioxidant when combined with FK506 and similar 
CNIs. Further studies are needed to explore the KMF 
impact on pharmacokinetic parameters and immunosup
pressive activity.
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