N a\ stitute of S wte(nrnumzz nandPol \Mes ath

Indian Journal of Biochemistry & Biophysics
Vol. 59, October 2022, pp. 963-976
DOI: 10.56042/ijbb.v59i10.64336

Relationship with nephrotoxicity of Abemaciclib in rats: Protective
effect of Curcumin

Biinyamin Ucar’, Ziibeyir Huyut'*, Fikret Altindag?, Omer Faruk Keles® & Kenan Yildizhan®

!Department of Biochemistry; 2Department of Histology and Embryology, Faculty of Medicine; *Department of Pathology,
Faculty of Veterinary; & “Department of Biophysics, Faculty of Medicine, Van Yuzuncu Yil University, Van, Turkey

Received 07 July 2022; revised 03 October 2022

Abemaciclib (ABE) has been reported to cause gastrointestinal toxicity. Therefore, it is important to investigate the
question of whether abemaciclib administration causes nephrotoxicity in the gastrointestinal tract and if so, what
pathophysiological pathways it follows. This study investigated the relationship between ABE administration,
nephrotoxicity, and Curcumin’s protective effect (CMN). Forty albino female rats were equally divided into five groups.
The sham group was fed with standard pellet food. Dimethyl sulfoxide (DMSO) group: 150 pL of DMSO was administered
to each rat once a day for 28 days.CMN group: 30 mg/kg/day of CMN was administered to each rat for 28 days. ABE
group:26 mg/kg/day of ABE was administered to each rat at a dose once a day for 28 days. ABE+CMN group:
26 mg/kg/day ABE and 30 mg/kg/day CMN were administered to each rat dose for 28 days. Aquaporin (AQP) 1-7, TNF-a,
IL-1B, intercellular adhesion molecule (ICAM)-1, IL-10 and IL-37 levels in serum and kidney tissue homogenates were
measured by ELISA. In addition, Urea and Creatinine were measured in serum samples. Furthermore, histopathological
examination was performed in kidney tissues and Bax, Caspase-3 and Bcl-2 expression levels were determined
immunohistochemically. The levels of AQP1-7 and IL-10 in the ABE group were partially lower than in the other groups,
while the ratio of TNF-a, IL-1B, MDA, caspase-3 and Bax/Bcl2 were high. In addition, kidney tissue was examined
histopathologically. However, AQP1 and AQP7 levels in the ABE+CMN group were higher than in the ABE group, while
TNF-0, IL-1B, MDA, Caspase-3 levels and Bax/Bcl2 ratio were low. In addition, the poor histopathological changes in the
ABE group were mainly restored in the ABE+CMN. The data presented that ABE in rats can adversely affect functions and
histology of kidneys through the increase in oxidative stress, pro-inflammatory cytokines and apoptosis, but CMN therapy

may be protective against the nephrotoxic effects of ABE.
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Cancer refers to a pathological condition
characterised by excessive division of cells'. In a
report published in 2020, the World Health
Organization defined cancer as a serious health
problem in all populations, regardless of wealth or
social status. In this report, it was reported that
18.1 million people worldwide had cancer in 2018
and 9.6 million people died from this disease, these
figures will almost double by 2040. In addition, this
report declared that one out of every five people
worldwide will face a cancer diagnosis during
their lifetime by 2020%. For this reason, it has
become important to better understand the cancer
pathogenesis and the role of cell cycle regulators and
to develop effective therapeutic agents. In particular,
cyclin-dependent kinases (CDK), which regulate the
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progression of the cell cycle throughout the phases
and have a role in the pathogenesis of many cancers,
have been identified as important targets for
therapeutic strategy. The FDA's designation of drugs
targeting CDK inhibition as "Breakthrough therapy"
also demonstrated the importance of this strategy®. In
the past few decades, numerous CDK inhibitors with
different molecular formulas have been designed and
developed. Abemaciclib (ABE) is one of the newest
members of the CDK inhibitor family, which has
emerged for the treatment of patients with metastatic
breast cancer and has Human Epidermal Growth
Factor Receptor-2 negative and hormone receptor-
positive*. ABE is a potent, selective, small-molecule
pyrimidine-benzimidazole  inhibitor  for  oral
administration. ABE prevents phosphorylating the Rb
tumour suppressor protein by CDK 4/6. Thus, it
causes the cell division process to be kept in the G1
phase and eliminates cell growth>. ABE provides
progression-free survival in the treatment of advanced
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breast cancer. In addition, it is actively used for
treatment in preclinical and clinical trials in many
cancer types such as colon cancer, glioblastoma,
malignant melanoma, non-small cell lung cancer and
oesophageal adenocarcinoma, and positive feedback
has been received®.

However, ABE has undesirable side effects as with
many drugs used in therapy’. In phase studies
conducted before the drug was approved by the US
Food and Drug Administration (FDA), the most
common side effects were reported to be diarrhoea,
neutropenia, fatigue, abdominal pain, decreased
appetite, and highly increased serum creatinine levels”.
In one of the studies conducted to elucidate the
mechanism of diarrhoea, one of these side effects was
that ABE caused gastrointestinal toxicity®. Therefore, it
is important to investigate the question of whether the
application of ABE causes nephrotoxicity in the
gastrointestinal  tract, and if so, by which
pathophysiological pathways.

Curcumin (CMN) has been evaluated as one of the
natural antioxidant substances that can be used to
prevent drug-induced nephrotoxicity®. It was reported
that CMN was a natural antioxidant’® with many
beneficial properties such as anti-inflammatory™,
renoprotective™,  accelerating wound healing®™,
anticancer’**,  immunomodulatory®® and  anti-
lipidemic’’. Many experimental studies were
conducted to reveal the protective effects of CMN on
the kidney. In these studies, the protective effect of
CMN on nephrotoxicity caused by drugs such as
doxorubicin, gentamicin, cisplatin, and cyclosporine
was demonstrated'®?*. In addition, the curative effects
of CMN were demonstrated against nephrotoxicity
caused by  different  pathways such  as
ischemia/reperfusion injury, kidney damage caused
by chemicals, and kidney damage caused by
diabetes®. Therefore, evaluation of the protective
effects of CMN against possible nephrotoxicity
induced by ABE will provide new information to the
literature. This study aimed to investigate the
relationship of ABE with nephrotoxicity and the
protective effect of CMN.

Materials and Methods

Chemicals

Abemaciclib (Verzenio®, Eli Lilly and Company,
USA) was purchased commercially. Curcumin
was obtained from Sigma-Aldrich Company (Sigma
Aldrich, USA, Catalog number: BD9137). ELISA kits

(Bioassay  Technology Laboratory) for the
biochemical parameters measured in the serum and
kidney tissue homogenates were purchased from
Aktif Diagnostics.

Experimental study

The effective dose and duration of ABE were
applied by considering the effective dose and duration
previously used by Kosovec et al.2. The effective
dose amounts previously used by Dacosta et al.”® and
Liuet al.** were applied for effective doses of CMN.
Before starting the experiment, the weights of the rats
were measured separately and randomly distributed so
that the weighted average of each group was close to
each other, and the 26 mg/kg/day of ABE and 30
mg/kg/dayof CMN to be administered were
determined according to the literature?*. Dimethyl
sulfoxide (DMSO) was used as a solvent for ABE and
CMN to be applied in the experiment. The groups
were created as follows;

Sham Group (n=8): Oral gavage was applied once
a day for 28 days and fed with standard pellet rat food
throughout the study.

DMSO group (n=8): 150 pL of DMSO was
administered to each rat once a day by oral gavage for
28 days and fed with standard pellet rat chow
throughout the study.

ABE group (n=8): For each rat, ABE was
administered at a dose of 26 mg/kg/day dissolved in
150 uL DMSO once a day by oral gavage method for
28 days and fed with standard pellet rat food
throughout the study.

CMN group (n=8): For each rat, 30 mg/kg/day of
CMN dissolved in 150 pL. DMSO was administered
once a day by oral gavage for 28 days and fed with
standard pellet rat chow throughout the study.

ABE+CMN group (n=8): 26 mg/kg/day ABE and
30 mg/kg/day CMN dissolved in 150 uL DMSO was
administered orally by gavage once a day for 28 days.
The rats were fed with standard pellet rat food
throughout the study.

Termination of the study and obtaining serum samples

On the last three days of the study, animals were
sequentially placed in metabolic cages, and 24 h urine
samples were collected. After the urine specimens
were centrifuged at 3000 x g for 5 min, the upper
phase was taken into Eppendorf and stored at —80°C
until the study day. At the end of the 28" day, the
animals were weighed separately for the second time,
and their weights were noted. Then, the abdominal
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regions of the rats were opened under anaesthesia
with 50 mg/kg ketamine + 20 mg/kg xylazine, and
their blood was taken intracardially. The serum
samples were obtained by centrifuging 4 mL of
blood samples in a dry biochemistry tube for 10 min
at 3500 x g and were stored at —80°C until the
study day.

Homogenisation of Kkidney tissues and production of
supernatant

After washing the right kidney tissues with 0.9%
NaCl, they were frozen at —80°C and stored for
biochemical parameter measurements. On the study
day, 2.25 mL of 50 mM phosphate buffer (pH 7.4)
was added to 250 mg of kidney tissue (1:10 wt-vol),
and the mixture was homogenized using a
homogeniser (Ultra Turrax-T25). The samples were
centrifuged at 3000 x g and 4°C for 20 min, and the
supernatant remaining in the upper phase was
transferred to a new tube. All kidney homogenates
were stored at —80°C until analysis.

Quantitative protein determination

Protein amounts in Kkidney tissue homogenates
were measured by the Bradford method®. Ten pL
samples were added onto 4990 puL. Coomassie-Brillant
Blue solution and incubated at room temperature and
in the dark for 10 min. Reading was then taken at 595
nm in the spectrophotometer (ShimadzuUV Mini
1240 from Japan). A mixture of 0.1 mL of distilled
water and 4900 mL of Coomassie-Brillant Blue
solution was used as the blank.Protein amounts were
calculated by comparing the obtained absorbance
values with the standard curve®.

Measurement of cytokines in serumand tissue homogenates

The levels of Aquaporin 1 (Bioassay Technology
Laboratory Cat.No: EO0565Ra), Aquaporin 7
(Bioassay Technology Laboratory Cat.No: E1421Ra),
TNF-a (Bioassay Technology Laboratory Cat.No:
E0764Ra), ICAM-1 (Bioassay Technology) in serum
and Kkidney tissue Laboratory Cat.No: E0623Ra), IL-
37 (Bioassay Technology Laboratory Cat.No:
E2576Ra), IL-10 (Bioassay Technology Laboratory
Cat.No: EO108Ra), IL-1f (Bioassay Technology
Laboratory Cat.No: E0119Ra) were measured on the
BioTek EL&800 instrument at 450 nm with
commercial ELISA kits following the instructions in
the kit procedure. Quantitative values were calculated
by comparing the obtained absorbance values with the
standard curve values.

Measurements of urea and creatinine in the serum, protein in
the urine

Serum urea and creatinine were measured
spectrophotometrically, and urine protein levels were
measured by a turbidimetric method based on the
denaturation of protein with benzethonium chloride
and its measurement at 404 nm in a biochemical
autoanalyser (Abbott Architect c16000, U.S.A).

Measurement of malondialdehyde (MDA) in the serum and
kidney tissue by high-pressure liquid chromatography
(HPLC)

MDA was measured according to the method of
Khoschsorur et al.”’. 750 pL of phosphoric acid
(H3PO4, 0.44 M), 250 pL of thiobarbituric acid
(TBA, 42 mM) and 450 pL of distilled water were
added to 50 pL of serum or Kidney supernatant. Tubes
were tightly capped and incubated in a boiling water
bath for 60 min. After cooling in tap water, alkaline
methanol (50 mL methanol + 4.5 mL 1 M NaOH) was
added to the samples in a 1:1 ratio (i.e 1.5 mL each).
The mixture was centrifuged at 2500 x g for 3 min.
200 pL of the supernatant in the upper phase was
taken and placed in a vial.

For MDA standards, 10umol of 1,1,3,3 tetra-
ethoxy-propane were dissolved in 50 mL of distilled
water. Standards at 100, 50, 25, 12.5 and 6.25 uM
concentrations were prepared by diluting the stock
standard solution with distilled water at the ratios of
1/2, 1/4, 1/8, 1/16 and 1/32.The device’s flow rate
was 8 mbL/min, and the injection volume was
determined as 20 pL. The samples were read against
the standards at 527 nm excitation and 551 nm
emission wavelengths in the HPLC device.

An RP18 column (150 x 4.6 mm length and 5 pM
particle size) was used as the measuring column for
HPLC. The mobile phase consisted of 400 mL of 50
mM phosphate buffer (pH 6.8) and 600 mL of pure
methanol. For phosphate buffer, 356 g of
Na,HPO,.2H,0 was weighed and dissolved in
approximately 0.5 L of distilled water. The pH was
adjusted to 6.8 with 1N HCI acid solution. The final
volume was made up to 400 mL with distilled water.

Histopathological examination of kidney tissue

Left kidneys were placed in 10% formaldehyde
solution and fixed for histopathological and
immunohistochemical examinations.  After, the
samples were embedded in paraffin blocks following
routine histological steps. Then, 4 pM thick sections
taken with a microtome were stained with
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Hematoxylin-Eosin and examined under a light
microscope (Nikon Y-IM 7551012, Japan). In the
histopathological evaluation, a mean of 15 fields for
each rat in the groups was evaluated by random
sampling. The  findings  were evaluated
semiquantitatively according to the number of lesions
observed in the examined regions. Accordingly, it was
classified as: - (no lesions), mild: + (1-4 lesions),
moderate: ++ (5-8 lesions), severe: +++ (9 or more
lesions).

Immunohistochemical examination of kidney tissue

After the tissues were fixed in 10% buffered
formaldehyde, they were embedded in paraffin blocks
following routine histological steps. Sections of 4 pM
thickness were taken from paraffin blocks to lysine
slides with a microtome. Sections taken were
deparaffinized and rehydrated. The samples were
incubated in 3% hydrogen peroxide (H,O,) for 10 min
to prevent endogenous peroxidase enzyme activity.
They were heated in antigen retrieval (citrate buffer,
pH 6.1) solution in a microwave oven 2 times to
prevent antigen masking in the nucleus. Then, to
prevent nonspecific binding, the protein block was
dropped and incubated for 10 min. Caspase-3 (Santa
Cruz Biotechnology, sc-7272, dilution: 1/50), Bax
(Santa Cruz Biotechnology, sc-20067, dilution: 1/50),
and Bcl-2 (Santa Cruz Biotechnology, sc-7382,
dilution: 1/50) antibodies were used as primary
antibodies. After adding the antibody, the samples were
incubated in a humidity chamber at +4°C overnight.
After washing with PBS, Biotinylated Goat Anti-
Polyvalent and Streptavidin—peroxidase conjugate were
dropped and incubated for 10 min, respectively. After
the application of Diaminobenzidine (DAB), which is
used as a chromogen, the samples were stained with
Mayer's hematoxylin. In the immunohistochemical
evaluation,10 fields were randomly selected for each
group of rats and examined under a light microscope
(Nikon Y-IM 7551012, Japan). In selected areas for
each animal randomly in the groups, cells were counted
as negative, low positive, moderately positive and high
positive cells according to their immunoreactivity and
evaluated with an H-score”®%,

Statistical analysis

SPSS package program version 21 was used for
statistical analysis. Biochemical results were
expressed as mean + standard deviation. Kolmogorov-
Smirnov test was used to determine whether the data
were normally distributed. For biochemical analysis,

One Way ANOVA test was performed because the
data were normally distributed and then Duncan's
multiple range test were performed. The Kruskal-
Wallis test was used to analyze whether the data from
the immunohistochemical examination differed
between groups. Mann-Whitney U test was used to
compare groups in pairs. Results with P <0.05 were
considered significant.

Results

Before the study, the mean weights of all the
groups were similar and there was no significant
difference between them (P >0.05). After the
experiment, there was a difference between the
weight averages of some groups (P =0.001).
Accordingly, the two groups with the lowest mean
weight were the ABE and ABE+CMN groups. The
weights of the ham, DMSO and CMN groups were
similar.

Results of biochemical parameters in the serum samples

When the AQP1 values in serum samples were
analysed, the AQP1 values of the ABE and ABE+CMN
groups were considerably lower than those of the Sham,
DMSO and CMN groups (P = 0.001). The AQP1 value
of the ABE+CMN group was higher than the ABE
group, but there was no significant difference between
them (P >0.05). (Fig. 1A)

In serum samples, TNF-a, levels of the ABE group
were higher than the TNF-a levels of the Sham, CMN
and ABE+CMN groups. However, TNF-o values in
the ABE+CMN group were lower than in the sham,
DMSO and CMN groups (P = 0.001). (Fig. 1C)

When IL-1B values in serum samples were
analyzed, it was observed that IL-1B levels in the
ABE group were quite high compared to other groups
(P = 0.001). In addition, serum IL-1p levels in the
Sham group were higher than in the DMSO group
(P = 0.001). Furthermore, serum IL-1pB levels in the
ABE+CMN group were lower than in the ABE and
DMSO groups (P = 0.001) and were similar to the
sham group values (P >0.05). (Fig. 1E)

In serum samples, IL-10 values in the DMSO
group were found to be higher than in the sham group
(P = 0.018), while IL-10 levels in the ABE+CMN
group were higher than in the ABE and sham groups
(P = 0.018). In addition, serum IL-10 levels did not
change much in the ABE and CMN groups (P >0.05)
and were similar to the sham values. (Fig. 1F)

When IL-37 values in serum samples were examined,
IL-37 levels in the CMN group were lower than in the



UCAR et al.: RELATIONSHIP WITH NEPHROTOXICITY OF ABEMACICLIB AND CURCUMIN IN RATS

(A) AQ1 (ng/mL) (B)

I

& 0‘:&0

& & S
¥o& S

IL-1B (pg/mL)
d

e

AQ7 (ng/mL) (&)

967

TNF-a (ng/L)

b

IL-10 (pg/ mL)

120 e

80

MDA (pmol/L)

G
z I I
1
0 = =
& o & S
s & > &

5

C$
&
&

®

Fig. 1 — Comparison of aquanrins, MDA and cytokine levels in the serum samples. ®p: It is significant according to the sham, DMSO

and CMN groups (P <0.05),
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Fig. 2 — Comparison of urea (A) and creatinine; and (B) levels in serum samples. ®p: It is significant according to the sham, DMSO and

CMN groups (P <0.05)

other groups (P = 0.006). In addition, there was a non-
significant increase in IL-37 levels in the ABE group
compared to the sham group. However, there was a
decrease in IL-37 levels in the ABE+CMN group
compared to the ABE group, but their difference was not
significant (P >0.05; Fig. 1G).When the AQP7, ICAM-
1 and MDA values in serum samples were examined, no
significant difference was found between the groups
(P >0.05; Fig. 1B, D and H, respectively).

We also measured creatinine and urea levels
in serum samples. Serum creatinine levels in the
ABE group were significantly higher than in the
Sham, DMSO and CMN groups (P = 0.021). The
creatinine levels in the ABE+CMN group were lower
than in the ABE group, but the difference was
not significant (P >0.005). There was no significant
difference between serum urea values (P >0.005)

(Fig. 2).
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Measurement of routine parameters in urine samples

Urine protein values of the ABE group increased
dramatically compared to the other groups (P <0.001).
However, there was no significant difference between
the other groups (P >0.05). In addition, urine pH and
density were similar in all groups, and there was no
significant difference between them (P >0.05 and
Table 1).

Results of biochemical parameters in tissue samples
When the AQP1 values of the kidney tissue were
compared, it was found that the AQP1 level of the
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ABE group was considerably lower than the other
groups (P = 0.001). In addition, the AQP1 value of
the CMN group was significantly higher than the
other groups (P = 0.001). However, the AQP1 level
of the ABE+CMN group was similar to the values of
the sham group (P >0.05; Fig. 3A). While the AQP7
level of the CMN group was higher than in the Sham,
ABE and ABE+CMN groups, the AQP7 level of the
ABE group was lower than in the DMSO group
(P = 0.007). In addition, the AQP7 level of the
ABE+CMN group was higher than in the ABE group,

Table 1 — Mean and standard deviation values of the biochemical parameters measured in the urine samples.

Groups Sham DMSO ABE CMN ABE+CMN P value
Protein (mg/dL)  7.70+2.01 7.64+1.53 50.52+23.21" 9.93+3.51 16.86+7.64 0.001
Urine Density 1025+8.1 1026+7.7 1037.4+17.5 1029.1+14.1 1039.8+10.1 0.09
Urine pH 7.14+0.48 7.07+0.79 6.71+0.57 7.57+0.73 7.75+0.85 0.085
*p: It is significant compared to the other groups (P <0.05)
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Fig. 3 — Comparison of aquaporins, MDA and cytokine levels in the kidney tissues. “p: It is significant according to the DMSO group
(P <0.05). **p: It is significant according to the other groups, (P <0.05), °p: It is significant according to the sham, ABE and ABE+CMN
groups (P <0.05)
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standard histological structure of the kidney tissues is observed, respectively. C: It is observed that the glomerular and tubular integrity is
impaired due to severe glomerular atrophy (thin arrow), moderate necrosis in the tubular epithelium (thick arrow) and mild interstitial
leukocyte infiltration, in the kidney tissue of the rats in this group (arrowhead). D: In the CMN group, the normal histological structure of
the kidney tissues is observed. E: Findings such as glomerular atrophy, necrosis of tubular epithelium and interstitial leukocyte infiltration

were observed to improve significantly in the ABE+CMN group compared to the ABE group (H-E. Bar: 100 uM for all the images)

but the difference between them was not significant
(P >0.05; Fig. 3B)

Tissue 1L-10 levels were similar in the sham, DMSO
and ABE groups, and the difference between them was
not significant (P >0.05). The IL-10 level of the CMN
group was considerably higher than in the other groups
(P =0.001). Also, IL-10 levels in the ABE+CMN group
were significantly higher than in the sham, DMSO and
ABE groups (P =0.001; Fig. 3F)

The MDA level of the ABE group was
significantly higher than the other groups (P = 0.001).
However, the MDA level of the ABE+CMN group
was similar to that of the sham and DMSO groups
(P >0.05; Fig. 3H). In addition, TNF-a, ICAM-1,
IL-1p and IL-37 values of all groups were similar
(P >0.05; Fig. 3C, D, E and G).

Results of biochemical parameters in urine samples

When the protein values of the urine samples were
compared, it was determined that the protein level of the
ABE group was relatively high compared to the other
groups (P = 0.001). The protein level of the ABE+CMN
group was similar to the values of the sham group, and
there was no statistically significant difference between
them (P >0.05). The urine density and pH values of all
the groups were similar, and there was no significant
difference between them (Table 1 and P >0.05).

Histopathological findings
It was observed that thekidney tissues of the sham
(Fig. 4A), DMSO (Fig. 4B), and CMN (Fig. 4D)

Table 2 — Semiquantitative results of histopathological
examination in the kidney tissues

Groups Glomerular Necrosis of tubular Interstitial leukocyte
Atrophy Epithelium Infiltration

Sham - - -

DMSO - - -

ABE +++ ++ +

CMN - - -

ABE+CMN + + -

groups had typical histological structures. However,
severe (+++) glomerular atrophy, moderate (++)
tubular epithelial necrosis and mild (+) interstitial
leukocyte infiltration were observed in the
kidney tissue of rats in the ABE (Fig. 4C and Table 2)
group. Based on these findings, it was observed
that the integrity of the glomerulus and tubules was
impaired. On the other hand, it was observed that
these negative pathological findings improved
significantly in the ABE+CMN (Fig. 4E and Table 2)

group.

Caspase-3 immunoreactivity results

Caspase-3 expression was not detected in the sham
(Fig. 5A), DMSO (Fig. 5B) and CMN (Fig. 5D)
groups. While intense Caspase-3 expression was
observed in the ABE (Fig. 5C) group compared to the
sham group, less Caspase-3 expression was detected
in the ABE+CMN (Fig. 5E) compared to the ABE
group (Fig. 5C and 6).
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Caspase-3

Fig. 5 — Immunohistochemical examination images of apoptosis factors in kidney tissue in all the experimental groups. A and B: In the
sham and DMSO groups, Caspase-3 expression is not observed, respectively. C: Intense Caspase-3 expression is observed in the ABE
group compared to the sham group. D: In the CMN group, Caspase-3 expression is not observed. E: Much less Caspase-3 expression was
observed in the ABE+CMN group compared to the ABE group. F, G and I: In the sham, DMSO and CMN groups, Bax expression is not
observed, respectively. H: Intense Bax expression is observed in the ABE group compared to the sham group. J: Less Bax expression is
observed in the ABE+CMN group compared to the ABE group. K and L: In the sham, DMSO and ABE groups, low Bcl-2 expression is
observed, respectively. N: In the CMN group, intense Bcl-2 expression is observed. O: In the ABE+CMN group, moderate Bcl-2
expression is observed (H-E. Bar: 50 uM for all the images)
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Bax immunoreactivity results

While Bax expression was not found in the sham
(Fig. 5F), DMSO (Fig. 5G) and CMN (Fig. 5I)
groups, intense Bax expression was detected in ABE
(Fig. 5H) group compared to the sham group. Also,
less Bax expression was observed in the ABE+CMN
(Fig. 5J) group compared to the ABE group (Fig. 5G
and 6).

Bcl-2 immunoreactivity results

A low level of Bcl-2 expression was detected in the
Sham (Fig. 5K), DMSO (Fig. 5L) and ABE (Fig. 5M)
groups, while moderate Bcl-2 expression was
observed in the ABE+CMN (Fig. 50) group. In
addition, intense Bcl-2 expression was determined in
the CMN group (Fig. 5N and 6).

Discussion

This study provided important clues that ABE used
in the treatment of breast cancer may have a toxic
effect on kidney tissue, and the combined application
of ABE and CMN may be protective. In previous
studies, Zhou et al.*® found that ABE application
induced apoptosis by causing an increase in Caspase-
3 expression in their flow cytometric analysis of
human cardiomyocyte cell lines. Thibault et al., on
the other hand, found poorly differentiated
degenerated enterocytes with proliferation, loss of
goblet cells, loss of microvilli and inflammation in the
crypt cells in their histopathological examination in
the jejunum of rats treated with ABE. These reports
revealed that ABE administration could exert
intestinal toxicity-producing effects in rats. In the
literature, we could not find any studies examining the
possible nephrotoxic effects of ABE administration
on aquaporins, inflammatory cytokines, apoptosis
factors and histopathology. However, Bae et al.*
found that aquaporin (AQP) 1 and 3 levels, which
have an important role in the reabsorption of water
from the filtrate in the kidney, were low in the
nephrotoxicity model due to another anti-cancer drug,
cisplatin. Lim et al.*” found that cyclosporine, another
nephrotoxic drug, decreased the amount of AQP 1 and
4 in rats. However, Foxley et al.*® found that CMN
increased AQP4 levels associated with increased
atrophy and edemain lupus model mice. Our study
determined that ABE significantly reduced AQP1
levels in kidney tissue and serum compared to other
groups. In addition, AQP7 levels were lower in the
ABE group’s kidney tissue than in the other groups.
However, combined administration of ABE and CMN

partially restored AQP1 andAQP7 levels compared to
the ABE group. These results showed that ABE may
cause a decrease in kidney AQP1 and AQP7 levels in
rats, resulting in impaired reabsorption of water in the
kidneys and adversely affecting renal function. In
addition, the fact that CMN causes a slight increase in
AQP1 and AQP7 levels indicated that CMN can
prevent the negative effect of ABE on AQP1 and
AQP7.

The cytokine response characterized by the
activation of chemokines and pro-inflammatory
cytokines has an important role in cisplatin
nephrotoxicity. It has been reported that an increase in
TNF-a levels plays a central role in the activation of
this cytokine response and the pathogenesis of
cisplatin-induced kidney damage®. In this study, we
found that serum TNF-a levels increased dramatically
in the ABE administered group compared to the sham
group. Similarly, Goel et al.** showed in a study that
ABE application could induce TNF-a production in
human breast cancer cell lines. Sahebkar et al.*® stated
that CMN had an anti-inflammatory effect by
suppressing TNF-a levels. This result coincides with
the significantly lower TNF-o values in the
ABE+CMN group compared to the ABE group in our
study. The fact that no difference was detected
between the levels of TNF-a measured in the kidney
tissue indicated that the pro-inflammatory effect
mediated by the increased TNF-a due to ABE may
have originated from non-renal tissues.

IL-1B, which is a pro-inflammatory cytokine
released from  macrophages, B-lymphocytes,
monocytes, natural killers and dendritic cells, is
frequently used in studies for the detection of drug-
induced nephrotoxicity®” . In our study, serum IL-1p
levels were found to be higher in the ABE group
compared to the other groups. We could not find a
study in the literature examining the effect of ABE on
IL-1B in kidney tissue. However, the FDA issued a
recent warning that the patients treated with CDK4/6
inhibitors such as ABE, palbociclib, and ribociclib
may develop a rare (1-3%) but life-threatening
inflammation, namely interstitial lung disease®. This
development suggests that the relationship between
CDK inhibitors and inflammation should be examined
more closely. In our study, serum IL-1f levels in the
ABE+CMN group were significantly lower than in
the ABE group and were similar to the values of the
sham group. This was consistent with previous studies
that CMN had an anti-inflammatory effect by
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suppressing IL-1p levels*®*. The fact that no
difference was detected between IL-1B levels
measured in kidney tissue suggests that the pro-
inflammatory effect of ABE through increased IL-13
may have originated from non-renal tissues. In
addition, in our study, it was observed that IL-1B
values in the DMSO group were higher than in the
sham group. This indicated that DMSO may cause an
inducing effect on IL-1p levels. DMSO is a good
solvent frequently used in animal experiments. For
this reason, DMSO, which is one of the solvents that
can best dissolve CMN, was used in this study. On the
other hand, Xiang et al.*? stated that DMSO
administration might cause increased IL-1B. This
finding is consistent with our research.

IL-10 is a anti-inflammatory cytokine that strongly
inhibits the inflammatory and cytotoxic pathways that
cause acute kidney injury®. In this study, IL-10
values of the ABE group were partially lower than in
the sham and DMSO groups in Kkidney tissue.
However, the IL-10 values of the CMN group were
significantly higher than the other groups. This result
is consistent with previous studies in which CMN
showed anti-inflammatory effects by increasing 1L-10
levels**. Also, in kidney tissue, IL-10 levels of the
ABE+CMN group were significantly lower than those
of the CMN group. Zhang et al.*® found that ABE
suppressed IL-10 levels in B lymphocytes in patients
with ovarian cancer. The results obtained from our
study also revealed that ABE administration might
have a suppressive effect on IL-10 levels in kidney
tissue. This indicates that ABE may show
inflammation-enhancing effects.

It was reported that IL-37 was expressed in various
autoimmune  disorders, cancers and chronic
inflammatory and exhibited anti-inflammatory
effects’’. In our study, IL-37 levels in serum and
kidney tissue of the CMN group were lower than in
all the other groups. In addition, there was a partial
increase in IL-37 levels in the ABE group compared
to the sham group. These results showed that ABE
could increase IL-37 levels, and CMN could have a
suppressive effect on IL-37 levels. ABE's inducing
effects on IL-1B, TNF-o and IL-37 levels and
suppressive effects on IL-10 levels indicated that it
might mediate pro-inflammatory effects. However,
although the increasing impact of ABE on IL-37
levels is interesting, this may have resulted from the
physiological response to the increase in IL-1B and
TNF-a.

Increased oxidative stress is an important molecular
mechanism of drug-induced nephrotoxicity®®. MDA is
the end product of lipid peroxidation and is widely
used to detect lipid damage induced by reactive
oxygen species (ROS). In this study, in serum and
kidney tissue, the MDA level of the ABE group was
higher than the other groups. These results indicate
that the administration of ABE in rats may increase
MDA levels by causing lipid peroxidation and thus
show nephrotoxic effects. We could not find any
study in the literature showing the impact of
ABE administration on MDA levels. However,
Franco et al.*® explored in a survey that ABE caused
an increase in ROS by changing the oxidative
metabolism in a pancreatic ductal adenocarcinoma
cell line. In addition, Klein et al. stated that inhibition
of CDKG6 in T-cell acute lymphaoblastic leukaemia
may deplete antioxidants by changing cellular
metabolism and induce apoptosis by increasing
ROS™. In our study, the MDA level of the
ABE+CMN group was similar to that of the sham and
DMSO groups. This result indicates that ABE
increased MDA levels in the serum and Kidneys of
rats, but CMN may have a therapeutic effect on
kidney damage caused by oxidative stress. This
finding that CMN exerts a renoprotective influence
thanks to its antioxidant property is consistent with
previous studies®*%,

Creatinine is formed by the dehydration of creatine,
which is in the creatine phosphate structure in muscle
tissue and is one of the most frequently used tests to
evaluate kidney functions. In this study, serum
creatinine values in the ABE group were significantly
higher than in the sham, DMSO, and CMN groups.
This finding is consistent with the results of elevated
creatinine in phase studies conducted before the
introduction of ABE®. This result showed that ABE
might adversely affect kidney functions. In our
research, creatinine values in the ABE+CMN group
were partially lower than in the ABE group. Another
test frequently used in the routine monitoring of
kidney functions is a measurement of serum urea
levels. However, there was no significant difference
between serum urea values in this study.

Proteinuria is one of the critical indicators of drug-
induced nephrotoxicity®™. In our study, when the
protein values of the urine samples were compared,
the protein level of the ABE group was higher than
the other groups. A clinical study, found that ABE
administration combined with Pembrolizumab caused
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proteinuria in 33% of patients®. In addition, Omarini
et al. reported that proteinuria developed in a patient
receiving ABE treatment, but this could be due to
Henoch Schénlein’s purpura®. In this study, the urine
protein level of the ABE+CMN group was similar to
the values of the excretion group. In a review where
they described the renoprotective properties of CMN,
Trujillo et al. stated that CMN reduces proteinuria®.
These results suggest that ABE administration in rats
may cause proteinuria by negatively affecting kidney
functions, and CMN can repair this.

An important subcellular mechanism of drug-
induced nephrotoxicity is increased apoptosis™.
Caspase-3 is the most studied member of the caspase
family and one of the critical drivers of apoptosis®’.
Caspase-3 expression was not observed in this study.
Intense Caspase-3 expression was detected in the
ABE group compared to the sham group. This result
showed that ABE increased caspase-3 expression
levels and induced apoptosis. This finding is
also consistent with the data of a recent study by
Zhou et al. examining the apoptotic effects of ABE on
cardiomyocytes®®. In this study, less caspase-3
expression was found in the ABE+CMN group
compared to the ABE group. This indicated that CMN
exerted an anti-apoptotic effect by suppressing
Caspase-3 expression, and this result was consistent

with previous studies®®®.

Antiapoptotic Bcl-2 and proapoptotic Bax are two
critical molecules involved in cell death, and the Bax /
Bcl-2 ratio is an important indicator that reflects
whether cells will enter apoptosis®. In this study, Bax
expression was not observed in the Sham, DMSO and
CMN groups. While intense Bax expression was
detected in the ABE group compared to the sham
group, less Bax expression was seen in the
ABE+CMN group compared to the ABE group. In
addition, Bcl-2 expression levels measured in the
sham, DMSO and ABE groups were similar and low,
whereas moderate Bcl-2 expression was observed in
the ABE+CMN group and intense in the CMN group.
These findings showed that ABE administration in
rats could induce apoptosis in kidney tissue by
increasing the Bax/Bcl2 ratio. Still, CMN
administration could reverse this situation with its
antiapoptotic effect and reveal a nephroprotective
effect. Consistent with our findings, Cao et al. found
that ABE induced apoptosis by increasing the
Bax/Bcl2 ratio in human glioma cell lines®. However,
we could not find any study in the literature on how

the condition may be shaped in kidney tissue.
Zhao et al. revealed that CMN had an antiapoptotic
effect by reducing the Bax/Bcl2 ratio in the testicles
of diabetic rats exposed to streptozocin®. This
result was consistent with our finding that CMN
suppressed apoptosis by reducing Bax/Bcl2 ratios in
kidney tissue.

In tissue toxicity studies, it is also important to
evaluate whether the tissue is in a normal
structure®®®". In our study, the kidney tissues of the
sham, DMSO and CMN groups were observed to
have a normal histological structure, while severe
glomerular atrophy, moderate necrosis in the tubular
epithelium, and mild interstitial leukocyte infiltration
were observed in the kidney tissue of the rats in the
ABE group. Accordingly, it was determined that the
integrity of the glomerulus and tubules was impaired.
These histopathological changes were consistent with
the results of the study performed by Sepehri et al. in
which they examined the histopathological change in
the kidneys caused by nephrotoxicity formed by
gentamicin®. Sepehri et al. stated that severe kidney
damage, characterized by significant acute tubular
necrosis, glomerular atrophy, infiltration of
lymphocytic inflammatory cells in the cortex, and
interstitial nephritis, occurred in the gentamicin given
rat group compared to the control group. In addition,
in our study, it was observed that the negative
pathological findings observed in the ABE+CMN
group were significantly reduced compared to the
ABE group. This finding is consistent with the results
of Mahmoud et al.'s study in which they investigated
whether gentamicin-induced nephrotoxicity could be
treated with CMN®. These results showed that ABE
may have adverse effects on the histological structure
of the kidney and CMN could significantly repair
these negative effects and had a renoprotective effect
thanks to its antioxidant, anti-inflammatory and anti-
apoptotic properties.

Conclusion

This study showed that ABE could lead to the
induction of apoptosis with an increase in pro-
inflammatory cytokines and oxidative stress in rats
and that it could adversely affect kidney functions and
morphology in this way. However, it showed that
CMN therapy in combination with ABE may be
protective against the nephrotoxic effects of ABE.
However, studies investigating different oxidative
stress indicators, inflammatory cytokines and
apoptosis markers at the molecular level are needed to
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better understand the effects of ABE on
nephrotoxicity and to investigate the possible
protective effects of CMN therapy in combination
with ABE. In addition, it is recommended to conduct
new research at the cell culture and molecular level to
understand the mechanisms by which CMN
administered in combination with ABE and ABE
exhibit its effects on the changing parameters in this
study.

Acknowledgement

This study was supported by Van Yuzuncu Yil
University Scientific Research Projects (BAP)
Coordinatorship within the scope of the project
numbered TTU-2020-8857.

Conflicts of interest
All authors declare no conflict of interest.

References
1 Hanahan D & Weinberg RA, The hallmarks of cancer. Cell,
100 (2000) 57.

2 Habtegiorgis SD, Getahun DS, Telayneh AT, Birhanu MY,
Feleke TM, Mingude AB & Getacher L, Ethiopian women's
breast cancer self-examination practices and associated
factors. A systematic review and meta-analysis. Cancer
Epidemiol, 78 (2022) 102128.

3 Kovatcheva M, Liu DD, Dickson MA, Klein ME, O'Connor R,
Wilder FO, Socci ND, Tap WD, Schwartz GK, Singer S,
Crago AM & Koff A, MDM2 turnover and expression of
ATRX determine the choice between quiescence and
senescence in response to CDK4 inhibition. Oncotarget, 6
(2015) 8226.

4  Palumbo A, Lau G & Saraceni M, Abemaciclib: the newest
CDK4/6 inhibitor for the treatment of breast cancer. Ann
Pharmacother, 53 (2019) 178.

5 Sledge Jr GW, Toi M, Neven P, Sohn J, Inoue K, Pivot X,
Burdaeva O, Okera M, Masuda N, Kaufman PA, Koh H,
Grischke EM, Frenzel M, Lin Y, Barriga S, Smith IC,
Bourayou N & Llombart-Cussac A, MONARCH 2:
abemaciclib in combination with fulvestrant in women with
HR+/HER2— advanced breast cancer who had progressed
while receiving endocrine therapy. J Clin Oncol, 35 (2017):
2875.

6  Schettini F, De Santo |, Rea CG, De Placido P, Formisano L,
Giuliano M, Arpino G, De Laurentiis M, Puglisi F,
De Placido S & Del Mastro L, CDK 4/6 inhibitors as single
agent in advanced solid tumors. Front Oncol, 8 (2018) 608.

7  Dickler MN, Tolaney SM, Rugo HS, Cortés J, Diéras V,
Patt D, Wildiers H, Hudis CA, O'Shaughnessy J &
Zamora E, MONARCH 1, a phase Il study of abemaciclib, a
CDK4 and CDKG6 inhibitor, as a single agent, in patients with
refractory HR+/HER2— metastatic breast cancer. Clin
Cancer Res, 23 (2017) 5218.

8 Thibault S, Hu W, Hirakawa B, Kalabat D, Franks T,
Sung T, Khoh-Reiter S, Lu S, Finkelstein M & Jessen B,
Intestinal toxicity in rats following administration of CDK4/6
inhibitors is independent of primary pharmacology. Mol
Cancer Ther, 18 (2019) 257.

10

11

12

13

14

15

16

17

18

19

20

21

22

23

INDIAN J. BIOCHEM. BIOPHYS., VOL. 59, OCTOBER 2022

Motaharinia J, Panahi Y, Barreto GE, Beiraghdar F &
Sahebkar A, Efficacy of curcumin on prevention of
drug-induced nephrotoxicity: A review of animal studies.
Biofactors, 45 (2019) 690.

Ak T & Giilgin I, Antioxidant and radical scavenging
properties of curcumin. Chem-Biol Interac, 174 (2008) 27.
Kahkhaie KR, Mirhosseini A, Aliabadi A, Mohammadi A,
Mousavi MJ, Haftcheshmeh SM, Sathyapalan T & Sahebkar A,
Curcumin: a modulator of inflammatory signaling pathways
in the immune system. Inflammopharmacology, 27 (2019)
885.

Trujillo J, Chirino YI, Molina-Jijén E, Andérica-Romero
AC, Tapia E & Pedraza-Chaverri J, Renoprotective effect of
the antioxidant curcumin: Recent findings. Redox Biol,
1(2013) 448.

Sidhu GS, Singh AK, Thaloor D, Banaudha KK, Patnaik GK,
Srimal RC & Maheshwari RK, Enhancement of wound
healing by curcumin in animals. Wound Repair Regen,
6 (1998) 167.

Kawamori T, Lubet R, Steele VE, Kelloff GJ, Kaskey RB,
Rao CV & Reddy BS, Chemopreventive effect of curcumin,
a naturally occurring anti-inflammatory agent, during the
promotion/progression stages of colon cancer. Cancer res 59
(1999) 597.

Priyadarsini KI, Gandhi VV & Kunwar A, Important
chemical structural features of curcumin and its derivatives:
How do they influence their anticancer activity? Indian
J Biochem Biophys, 57 (2020) 227.

Shahid H, Shahzad M, Shabbir A & Saghir G,
Immunomodulatory and anti-inflammatory potential of
curcumin for the treatment of allergic asthma: effects on
expression levels of pro-inflammatory cytokines and
aquaporins. Inflammation, 42 (2019) 2037.

Panahi Y, Ahmadi Y, Teymouri M, Johnston TP & Sahebkar A,
Curcumin as a potential candidate for treating
hyperlipidemia: a review of cellular and metabolic
mechanisms. J Cell Physiol, 233 (2018) 141.

Venkatesan N, Punithavathi D & Arumugam V, Curcumin
prevents adriamycin nephrotoxicity in rats. Br J Pharmacol,
129 (2000) 231.

Tirkey N, Kaur G, Vij G & Chopra K, Curcumin, a
diferuloylmethane, attenuates cyclosporine-induced renal
dysfunction and oxidative stress in rat kidneys. BMC
Pharmacol, 5 (2005) 1.

Manikandan R, Beulaja M, Thiagarajan R, Priyadarsini A,
Saravanan R & Arumugam M, Ameliorative effects of
curcumin against renal injuries mediated by inducible nitric
oxide synthase and nuclear factor kappa B during
gentamicin-induced toxicity in Wistar rats Eur J Pharmacol,
670 (2011) 578.

Waseem M, Kaushik P & Parvez S, Mitochondria-mediated
mitigatory role of curcumin in cisplatin-induced
nephrotoxicity. Cell Biochem Funct, 31 (2013) 678.

Kosovec JE, Zaidi AH, Omstead AN, Matsui D, Biedka MJ,
Cox EJ, Campbell PT, Biederman RW, Kelly RJ & Jobe BA,
CDK4/6 dual inhibitor abemaciclib demonstrates compelling
preclinical activity against esophageal adenocarcinoma: a
novel therapeutic option for a deadly disease. Oncotarget, 8
(2017) 100421.

da Costa P, Goncalves JF, Baldissarelli J, Mann TR,
Abdalla FH, Fiorenza AM, da Rosa MM, Carvalho FB,
Gutierres JM & de Andrade CM, Curcumin attenuates



24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

UCAR et al.: RELATIONSHIP WITH NEPHROTOXICITY OF ABEMACICLIB AND CURCUMIN IN RATS

memory deficits and the impairment of cholinergic and
purinergic signaling in rats chronically exposed to cadmium.
Environl Toxicol, 32(2017) 70.

Liu H, Wang C, Qiao Z & Xu Y, Protective effect of
curcumin against myocardium injury in ischemia reperfusion
rats. Pharm Biol, 55 (2017) 1144.

Bradford MM, A rapid and sensitive method for the quantitation
of microgram quantities of protein utilizing the principle of
protein-dye binding. Anal Biochem, 72 (1976) 248.

Beydemir S, Ciftci M, Kiifrevioglu OI & Biiyiikokuroglu ME,
Effects of gentamicin sulfate on enzyme activities of carbonic
anhydrase from human erythrocytes in vitro and from rat
erythrocytes in vivo. Biol Pharm Bull, 25 (2002) 966.
Khoschsorur G, Winklhofer-Roob B, Rabl H, Auer T,
Peng Z & Schaur R, Evaluation of a sensitive HPLC
method for the determination of malondialdehyde, and
application of the method to different biological materials.
Chromatographia, 52 (2000) 181.

Ishibashi H, Suzuki T, Suzuki S, Moriya T, Kaneko C,
Takizawa T, Sunamori M, Handa M, Kondo T & Sasano H,
Sex steroid hormone receptors in human thymoma. J Clin
Endocrinol Metab, 88 (2003) 2309.

Parra ER, Villalobos P, Mino B & Rodriguez-Canales J,
Comparison  of  different  antibody clones  for
immunohistochemistry detection of programmed cell death
ligand 1 (PD-L1) on non-small cell lung carcinoma. Appl
Immunohistochem Mol Morphol, 26 (2018) 83.

Zhou Y, Li Y, Shen J, Li J & Li X, Abemaciclib induces
apoptosis in cardiomyocytes by activating the Hippo signaling
pathway. Acta Biochim Biophys Sin (Shanghai), 52 (2020) 875.
Bae EH, Lee J, Ma SK, Kim 1J, Frogkier J, Nielsen S,
Kim SY & Kim SW, a-Lipoic acid prevents cisplatin-
induced acute kidney injury in rats. Nephrol Dial Transplant,
24 (2009) 2692.

Lim SW, Li C, Sun BK, Han KH, Kim WY, Oh YW,
Lee JU, Kador PF, Knepper MA & Sands JM, Long-term
treatment with cyclosporine decreases aquaporins and urea
transporters in the rat kidney. Am J Physiol Renal Physiol,
287 (2004) 139.

Foxley S, Zamora M, Hack B, Alexander RR, Roman B,
Quigg RJ & Alexander JJ, Curcumin aggravates CNS
pathology in experimental systemic lupus erythematosus.
Brain Res, 1504 (2013) 85.

Ramesh G & Reeves WB, TNF-a mediates chemokine and
cytokine expression and renal injury in cisplatin
nephrotoxicity. J Clin Invest, 110 (2002) 835.

Goel S, DeCristo MJ, Watt AC, BrinJones H, Sceneay J,
Li BB, Khan N, Ubellacker JM, Xie S & Metzger-Filho O,
CDKA4/6 inhibition triggers anti-tumour immunity. Nature,
548 (2017) 471.

Sahebkar A, Cicero AF, Simental-Mendia LE, Aggarwal BB &
Gupta SC, Curcumin downregulates human tumor necrosis
factor-o. levels: A systematic review and meta-analysis
ofrandomized controlled trials. Pharmacol Res, 107 (2016) 234.
Topcu-Tarladacalisir 'Y, Sapmaz-Metin M & Karaca T,
Curcumin counteracts cisplatin-induced nephrotoxicity by
preventing renal tubular cell apoptosis. Ren Fail, 38 (2016) 1741.
Kandemir FM, Kucukler S, Eldutar E, Caglayan C & Giilgin 1,
Chrysin protects rat kidney from paracetamol-induced
oxidative stress, inflammation, apoptosis, and autophagy: a
multi-biomarker approach. Sci Pharm, 85 (2017) 4.

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

975

Zhang Y, Jin B, Miller HD, Ge D, Zhang X & You Z,
CDK4/6 inhibitor palbociclib reduces inflammation in lupus-
prone mice. Am J Clin Exp Urol, 9 (2021) 32.

Mito S, Watanabe K, Harima M, Thandavarayan RA,
Veeraveedu PT, Sukumaran V, Suzuki K, Kodama M &
Aizawa Y, Curcumin ameliorates cardiac inflammation in
rats with autoimmune myocarditis. Biol Pharm Bull, 34
(2011) 974.

Yin H, Guo Q, Li X, Tang T, Li C, Wang H, Sun Y, Feng Q,
Ma C & Gao C, Curcumin suppresses IL-1B secretion and
prevents inflammation through inhibition of the NLRP3
inflammasome. J Immunol, 200 (2018) 2835.

Xiang Y, Zhao MM, Sun S, Guo XL, Wang Q, Li SA,
Lee WH & Zhang Y, A high concentration of DMSO
activates caspase-1 by increasing the cell membrane
permeability of potassium. Cytotechnology, 70 (2018) 313.
Deng J, Kohda Y, Chiao H, Wang Y, Hu X, Hewitt SM,
Miyaji T, McLeroy P, Nibhanupudy B, Li S, and Star RA.
Interleukin-10 inhibits ischemic and cisplatin-induced acute
renal injury. Kidney Int, 60 (2001) 2118.

Epstein J, Docena G, MacDonald TT & Sanderson IR,
Curcumin suppresses p38 mitogen-activated protein kinase
activation, reduces IL-1p and matrix metalloproteinase-3 and
enhances IL-10 in the mucosa of children and adults with
inflammatory bowel disease. Br J Nutr, 103 (2010) 824.
Mollazadeh H, Cicero AF, Blesso CN, Pirro M, Majeed M &
Sahebkar A, Immune modulation by curcumin: The role of
interleukin-10. Crit Rev Food Sci Nutr, 59 (2019) 89.

Zhang Q F, Li J, Jiang K, Wang R, Ge JI, Yang H, Liu SJ,
Jia LT, Wang L & Chen BL, CDKA4/6 inhibition promotes
immune infiltration in ovarian cancer and synergizes with
PD-1 blockade in a B cell-dependent manner. Theranostics,
10 (2020) 10619.

Wang L, Quan Y, Yue Y, Heng X & Che F, Interleukin-37:
A crucial cytokine with multiple roles in disease and
potentially clinical therapy. Oncol. Lett, 15 (2018) 4711.
Hosohata K, Role of oxidative stress in drug-induced kidney
injury. Int. J. Mol. Sci., 17 (2016) 1826.

Franco J, Balaji U, Freinkman E, Witkiewicz AK & Knudsen ES,
Metabolic reprogramming of pancreatic cancer mediated by
CDKA4/6 inhibition elicits unique vulnerabilities. Cell Rep, 14
(2016) 979.

Klein ME, Kovatcheva M, Davis LE, Tap WD & Koff A,
CDK 4/6 inhibitors: the mechanism of action may not be as
simple as once thought. Cancer Cell, 34 (2018) 9.

Ugur S, Ulu R, Dogukan A, Gurel A, Yigit IP, Gozel N,
Aygen B & llhan N, The renoprotective effect of curcumin in
cisplatin-induced nephrotoxicity. Ren Fail, 37 (2015) 332.
Momeni HR & Eskandari N, Effect of curcumin on kidney
histopathological changes, lipid peroxidation and total
antioxidant capacity of serum in sodium arsenite-treated
mice. Exp Toxicol Pathol., 69 (2017) 93.

Westin SN, Sood AK & Coleman RL. Targeted therapy and
molecular genetics. Clin Gynecol Oncol, €10 (2018) 470.
Azaro A, Massard C, Tap WD, Cassier PA, Merchan J,
Italiano A, Anderson B, Yuen E, Yu D, Oakley G, 3rd,
Benhadji KA & Pant S, A phase 1b study of the Notch
inhibitor crenigacestat (LY3039478) in combination with
other anticancer target agents (taladegib, LY3023414, or
abemaciclib) in patients with advanced or metastatic solid
tumors. Invest New Drugs, 39 (2021) 1089.



976

55

56

57

58

INDIAN J. BIOCHEM. BIOPHYS., VOL. 59, OCTOBER 2022

Omarini C, Molinaro E, Barbolini M, Dominici M &
Piacentini F, Henoch-schonlein Purpura (HSP) in a patient
on Abemaciclib. The Breast, 52 (2020) 132.

Pingili RB, Pawar AK, Challa SR, Kodali T, Koppula S &
Toleti V, A comprehensive review on hepatoprotective and
nephroprotective activities of chrysin against various drugs
and toxic agents. Chem -Biol Interact, 308 (2019) 51.
Aboutaleb N, Shamsaei N, Khaksari M, Erfani S, Rajabi H &
Nikbakht F, Pre-ischemic exercise reduces apoptosis in
hippocampal CA3 cells after cerebral ischemia by
modulation of the Bax/Bcl-2 proteins ratio and prevention of
caspase-3 activation. J Physiol Sci, 65 (2015) 435.

Zhao J, Yu S, Zheng W, Feng G, Luo G, Wang L & Zhao Y,
Curcumin improves outcomes and attenuates focal cerebral
ischemic injury via antiapoptotic mechanisms in rats.
Neurochem Res, 35 (2010) 374.

59

60

61

62

Li W, Suwanwela NC & Patumraj S, Curcumin prevents
reperfusion injury following ischemic stroke in rats via
inhibition of NF-kB, ICAM-1, MMP-9 and caspase-3
expression. Mol Med Rep, 16 (2017) 4710.

Zhao L, Gu Q, Xiang L, Dong X, Li H, Ni J, Wan L, Cai G
& Chen G, Curcumin inhibits apoptosis by modulating
Bax/Bcl-2 expression and alleviates oxidative stress in testes
of streptozotocin-induced diabetic rats. Ther Clin Risk
Manag, 13 (2017) 1099.

Sepehri G, Derakhshanfar A & Saburi L, Does propylthiouracil
increase the gentamicin-induced nephrotoxicity in rat? Iran
J Basic Med Sci, 16 (2013) 1190.

Mahmoud AM, Ahmed OM & Galaly SR, Thymoquinone
and curcumin attenuate gentamicin-induced renal oxidative
stress, inflammation and apoptosis in rats. EXCLI J, 13
(2014) 98.



