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Inhibition of c-Jun N-Terminal Kinase Attenuates Diabetic
Testicular Damage via Endoplasmic Reticulum Stress Reduction

La Inhibicion de la Cinasa N-Terminal de c-Jun Atentia el Dafio Testicular
Diabético Mediante la Reduccién del Estrés del Reticulo Endoplasmético
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SUMMARY: The underlying causes of many diabetes-related complications are well known. However, the reasons for the
complication related to male reproductive health remain unclear. Hyperglycemia disrupts the balance between oxidant&lantsantiox
causing damage to cells, especially ER stress. ER stress triggered by the proteins accumulating in the ER lumen cawssbg apoptosi
activating various pathways. c-Jun N-terminal kinase (JNK) is a key protein in systemic diseases like diabetes, and S®P60d4IZ5 is
used JNK inhibitor. This study focuses on whether JNK inhibition by SP600125 prevents diabetic testicular damage by restressg ER
In our study, animals were divided into three groups: Control group, the diabetes group, and the JNK inhibition groupuddk®d gl
level, body and testicular weights, and seminiferous tubule diameters were measured. Seminiferous tubules were evallatteddry the
score in Hematoxyline and Eosin stained sections. Protein expressions of caspase 3, phospho (p)-JNK, caspase 12, and CHOP were
evaluated. The Inhibitor group had significantly decreased active caspase-3, (p)-JNK, caspase-12, CHOP values, and dlewdlglucos
increased body and testicular weights, seminiferous tubule diameter, and Johnsen score values compared to the diali¢i#es group. J
inhibition significantly ameliorated the histopathological damage in testicular tissue by preventing diabetes-inducehER afr@gtosis.
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INTRODUCTION

Diabetes mellitus (DM) is a metabolic disease thadt al, 2022). It has been shown in some studies that INK
threatens public health all over the world. It is known thanhhibition reduces apoptosis (Mt al, 2024; Gagnanét
the prevalence of diabetes is increasing rapidly in the wordd., 2025). One of the important pathways in the regulation
(Saeedet al, 2019). A great amount of research indicatedf apoptosis is activated by "endoplasmic reticulum (ER)
the correlation between diabetes and the male infertility. dtress". Misfolding of some proteins produced in ER that
has been emphasized in many recent studies that biochemieallts in accumulation of proteins and ER stress stimulates
and histopathological changes occur in the male genit#boptosis via C/EBP homologous protein (CHOP), JNK, and
system and that they may result in infertility (Netaal, caspase 12 (Kizilagt al, 2021; Suret al, 2024). Although
2021; Buhuret al, 2023; Kumaket al, 2023; Huangt al, there is an increased number of studies to understand
2024). The mitogen-activated protein kinase (MAPK) familyncreasing apoptosis in diabetic testicular tissue, we are of
plays a role in the regulation of many cell signals related tbe opinion that there is still a need for many studies to
embryogenesis, cell proliferation and apoptosisefLal, elucidate all the details. The purpose of this study is to
2022). c-Jun N-terminal kinase (JNK), a member of MAPK®valuate the effects of INK inhibition on the mechanism of
is an important transcription factor. JNK is an importarapoptosis caused by ER stress and the expression of some
transcription factor involved in the transmission of signalkey proteins in diabetic male rat testes. Thus, we aim to
such as proliferation, differentiation and apoptosis from trexpand our current knowledge of the literature by creating
cell cytoplasm to the cell nucleus (Grynbetal, 2017; Li  new perspectives on the treatment of diabetes complications.
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MATERIAL AND METHOD performed. Active caspase-3 and p-JNK immunoreactivities
were scored as the number of immunopositive cells/1000
This study was approved by the Animal Experimentsells/ per slide (Let al, 2014). The data of this study were
Ethics Committee of Trakya University (TUHADYEK evaluated as a double blinded randomized controlled trial.
2018/13). The animals were fed standard rat chow (21 %
protein) and water ad libitum. The environment wa¥gVestern Blotting
maintained at 22.2C with a 12-hour light/12-hour dark
cycle. All procedures followed ethical standards, and Testis samples were incubated in RIPA lysis buffer
informed consent was obtained from all animal handlinChemCruz, Netherlands) for 30 min and centrifuged. The
personnel. Three-month-old male Wistar albino ratamount of protein in the supernatant was measured using a
weighing 250-350 g were split into 3 groups: Group @anodrop device (Optizen NanoQ, Mecasy, Korea). Protein
(control group treated with 0.1M citrate buffer; n=9), grougamples were run on NUPAGE Novex 4-12 % Bis-Tris gel
D (type | diabetes group treated with a single dose of §vitrogen). The gel was transferred to the nitrocellulose
mg/kg streptozotocin (STZ); n=9) (Buhetral, 2023), and membrane using an iBlot 2 Gel Transfer Device (Life
group | (inhibition group; after 55 mg/kg STZ injection, 15Technologies Inc.). Rabbit polyclonal caspase-12 (1:1000
mg/kg SP600125 administered once daily for 4 days n=®jlution, Abcam), CHOP (1:500 dilution, Novus Biologicals),
All animals were sacrificed on the 30th day. In our studf-actin (1:10000 dilution, Novus Biologicals), and secondary
blood glucose levels were measured with a glucometantibodies were incubated for 2 h on the iBind™ Flex
(IME-DC, Oberkotzau, Germany) to confirm type | diabete®/estern device (Thermo Fisher Scientific, MA, USA).
(above 250 mg/dl). Blood samples were taken from the tAlembranes were exposed to chemiluminescence
vein at the beginning of the experiment, on the 2nd dafsuperSignal West Pico Plus, Thermo Scientific) for 5 min.
and the 30th day (sacrifice day) following STZQuantification of the immunoblot bands was performed
administration. Body weights were weighed and recordeging using the Chemidoc™ MP Imaging System Biorad
at specific times (at the beginning of the experiment antbvice. All band profiles were normalized to the b-actin band
the end of the experiment). At the end of the experimentsing Image J 1.48v software (Wayne Rasband, NIH, USA).
the testis of animals were removed under anesthesia (10
mg/kg xylazine and 50 mg/kg ketamine) and then all animaBtatistical analysis
were sacrificed. For light microscopy examinations, the
testes were fixed in 10 % formalin, passed through agraded  Statistical analyses of our study were performed using
series of alcohols, and embedded in paraffin (MercRPSS. Body weights, testicular weights, MSTD, and
Millipore, Darmstadt, Germany) and hematoxylin and eosimmunohistochemical data were compared by one-way
(H-E) staining was performed. Mean seminiferous tubulBNOVA. Caspase-12 and CHOP western blot and Johnsen
diameter (MSTD) was measured using an ocular micromesarore results were evaluated by one-way ANOVA. In the
(Sunetal, 2024) Johnsen scoring was performed to evaluatase of a significant difference between the groups, the Tukey
the damage to the seminiferous tubules in the testicular tissest was used to determine this difference.
(Fuetal, 2024).
RESULTS
Immunohistochemistry
At the end of the experiment, group D and group |
After antigen retrieval in citrate buffer pH 6.0had higher blood glucose levels than group C (p<0.001,
(Invitrogen Carlsbad, CA) using microwave, sections wertigig. 1a). Group | blood glucose values decreased compared
incubated in HO, (Abcam, Cambridge, UK) and blocking to group D (p<0.05. Fig. 1a). When the body weights of all
solution (Invitrogen). Antibody dilution solution (Invitrogen) groups were measured before the sacrifice, the body weight
prepared with rabbit polyclonal active caspase-3 (NB10®alues of group D and group | values were significantly
56113) and caspase-12 antibodies (NBP2-24518) (dilutddcreased compared to group C (p<0.001, Fig. 1b) The
at 1:300, 1:500, respectively; Novus Biologicals, Colorad@omparison body weight values of group D and group |
USA) and rabbit polyclonal phospho-SAPK/JNK (Thrl83fevealed no significant difference (p = 0.170, Fig. 1b). After
Tyrl85) (81E11) and CHOP (D46F1) antibodies (diluted aacrifice, testes were weighed. Testicular weights in group
1:100, 1:300, respectively; Cell Signaling Technologyp and group | were found to be statistically significantly
Massachusetts, USA) was kept at°®5for 1 h. Sections decreased compared to group C (p<0.05, Fig. 1c).
were incubated with secondary antibodies (Invitrogen) ar€lrthermore, the testicular weights of group D were found
HRP-streptavidin for 10 min. DAB (Invitrogen) was usedo be significantly decreased compared to group | (p<0.05,
as chromogen, and hematoxylin counterstaining wa&sg. 1c).
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Fig. 2. Sections with H-E staining. MSTD and Johnsen score chart. Sections with H-E staining.
MSTD and Johnsen score chart. Normal testicular structure is observed in group C. Control
group x200 (a), Control group x400 (d). Testicular sections of group D showed arrested
spermatogenesis, loss of germinal cells, reduced tubular diameter, and degenerated seminiferous
tubules. Diabetic group x200 (b), Diabetic group x400 (e). The histological structure of group |
testis was found to be similar to group C. Inhibitor group x200 (c), Inhibitor group x400 (f). Scale
bar: 50um. MSTD chart (g) and Johnsen score chart (h). *: compared to group C, #: compared to
group D, p-value <0.05 was considered significant.
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Endoplasmic Reticulum Stress-Induced Apoptosis These results suggest that INK inhibitors may be
Results effective against ER stress-induced apoptosis. The results
of p-JNK immunohistochemistry activite showed that the
To understand the ER stress-related mechanismwalues in group D and | were higher than group C values
cell death through apoptosis, we performecboth, p<0.001; Fig.3h). However, p-JNK expression was
immunohistochemistry and western blotting analysisignificantly decreased in group | compared to group D
Caspases are critical mediators of apoptosis in mammali{@x0.001, Fig. 3h). Caspase-12 and CHOP immunopositive
cells. One of the caspase family of proteases, caspase<Els were significantly increased in group D and group |
is exclusive to the endoplasmic reticulum (ER) and isompared to group C (for caspase-12, Figs. 4a-c and for
triggered by stress. It was found that during ER stresSHOP, 4d-f). Caspase-12 and CHOP immunopositive cells
induced apoptosis, activation of active caspase-3 ratheere statistically decreased in group | compared to group
than mitochondria-related caspase-9 causes activationbffor caspase-12, Figs. 4a-c and for CHOP, Figs. 4d-f).
ER resident caspase-12 (Spencer & Finnie, 2020; Kizil&yaspase-12 and CHOP immunoblotting expressions were
et al, 2021; Liet al, 2022) In our present study, activestatistically decreased in group | compared to group D (for
caspase-3 expression was significantly increased in grotgspase-12 and CHOP p<0.001; Figs. 4i,j). These data
D and group | compared to group C (p<0.001, p=0.028how that our immunoblotting and immunohistochemistry
respectively), but group | values were statisticallgaspase-12 and CHOP results are consistent with each
decreased compared to group D values (p<0.001; Fig. 3giher.
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Fig. 3. Active caspase 3 and p-JNK immunohistochemical staining and scores. Control group x200 (a), Diabetic group
x200 (b), Inhibitor group x200 (c), Control group x400 (d), Diabetic group x400, (e), Inhibitor group x400 (f), The small
square depicts negative control. Active caspase 3 immunoreactivity (a-c) and P-JNK immunoreactivity (d-e). Active caspase
3 (g) and p-JNK (h) immunoscore. *: compared to group C, #: compared to group D, p-value <0.05 was considered
significant.
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Fig. 4. Caspase 12 and CHOP immunohistochemical staining and western blotting. Control group x400 (a,d), Diabetic
group x400 (b,e), Inhibitor group x400 (c,f). Caspase 12 immunoreactivity (a-c) and CHOP immunoreactivity (d-f).
Counterstained with hematoxylin. Immunopositive reactivite (&£). Scale bam5Caspase 12 western blot bands

and graph of analysis (g, i). CHOP western blot bands and graph of analysis (h, j). *: Compared to group C, #:
compared to group D, p-value <0.05 was considered significant.

DISCUSSION

Diabetes is a major systemic disease with margiabetes causes weight loss in the body (ldeial, 2019;
complications and is well-known to cause male infertility irBunet al, 2024). In our study, JNK inhibition with SP600125
diabetic men (Graziamit al, 2024). In our study, increaseddid not cause a statistically significant decrease in body
blood glucose levels in the diabetic group were also obserwsdight. Another study also reported that INK inhibition did
to decrease in the inhibition group. Zhagetgal (2018) not prevent body weight loss caused by diabetes €k i,
reported that SP600125 administration to diabetic subje@811). In our study, histopathological sections of diabetic
did not change blood glucose levels. We believe that thissticular tissues showed undulations in the basal membranes,
difference is due to the dosage and duration of applicatiagerminal cells in the tubular lumen, cellular vacuolization,

In parallel with our study, many studies have found thatarrowing of the seminiferous tubules, and disorganization

687



BAYRAM, S.; ERSOY, O.; DEVECI, E. & KIZILAY, G. Inhibition of c-Jun N-terminal kinase attenuates diabetic testicular damage via endoplasmic reticulum stress reduction.
Int. J. Morphol., 44(283-689, 2026.

of the germinal epithelium. These histopathological findngsCKNOWLEDGMENTS. The authors thank the
are consistent with previous studies€bLal, 2014; Kizilay laboratory platform and financial support provided by the
et al, 2021; Buhuet al, 2023; Fuet al, 2024). Our study Trakya University.

demonstrated that the histopathological changes in the

testicular tissue were greatly reduced in group | sections aB8YRAM, S.; ERSOY, O.; DEVECI, E. & KIZILAY, G. La

that JNK inhibition had a positive effect on the MSTD anéhhibicion de la cinasa N-terminal de c-Jun atentia el dafio testicular
Johnsen scores. This study is the first in the literature §@betico mediante la reduccion del estrés del reticulo
demonstrate the effects of JNK inhibition on diabetj€ndoplasmaticdnt. J. Morphol., 44(2)583-689, 2026.

testicular tissue. However, JNK inhibition has been shown RESUMEN: Las causas subyacentes de muchas

in other studies to improve vgrlous diabetes-induced dama%gﬁwplicaciones relacionadas con la diabetes son bien conocidas.
_(an_g.et al, 2023). A preV'OIj'S study repprted that ‘]NKSin embargo, las razones de las complicaciones relacionadas con
inhibition prevented many histopathological changes i sajud reproductiva masculina atn no estan claras. La
diabetic kidney tissue, and JNK inhibitors may be a newperglucemia altera el equilibrio entre oxidantes y antioxidantes,
therapeutic agent for diabetic nephropathy (Zhahgl, causando dafio celular, especialmente estrés del reticulo
2018). Salatet al. (2022) reported that active caspase-8ndoplasmatico. El estrés del reticulo endoplasmatico,
expression was increased by diabetes, which is consisté@gencadenado por la acumulacion de proteinas en su lumen,
with our findings of increased active caspase-3 levels in tREPVOCa apoptosis mediante la activacion de diversas vias. La

diabei roup. There was o signifcan decrease in aciP825% 1SS 1 o NG = s ot e o1
caspase-3 activation in the group | compared to the grOErljé]ibidor de JNK ampliamente utilizado. Este estudio se centra

D.' Itis k_nown that_lncreased OX|daF|ve stress caused ¥ determinar si la inhibicién de JNK mediante SP600125 previene
diabetes is responsible for JNK-mediated cell death. In O4I" dafio testicular diabético al reducir el estrés del reticulo

study, p-JNK expression was significantly increased in groyhdoplasmatico (RE). En nuestro estudio, los animales se
D compared to group C. In addition, p-JNK activation wagividieron en tres grupos: grupo control, grupo diabético y grupo
significantly decreased in group | compared to group D. Pada inhibicion de JNK. Se midieron los niveles de glucosa en sangre,
et al (2013), found that JNK inhibition reduced diabetie! peso corporal y testicular, y el diametro de los tGbulos
renal pathological findings. ER stress increases ttgeminiferos. Los tibulos seminiferos se evaluaron mediante la
expression of caspase-12 and CHOP in diabetic testis tis€geala de Johnsen en secciones tefiidas con hematoxilina y eosina.
(Shi et al, 2020; Kizilayet al, 2021). A previous study Se evaluo la expresion proteica de caspasa 3, fosfo-JNK (p-JNK),

reported that JNK inhibition reduced caspase-12 and CH(gﬁs'oasa 12 y CHOP. El grupo de inhibicion presento una
P P .disminucion significativa de los valores de caspasa-3 activa, p-

activations in ER stress induced by myocardial ischemlgNK, caspasa-12 y CHOP, asi como de los niveles de glucosa en

reperfusion (Zhangt al, 2017). In our study, the expressionangre, y un aumento del peso corporal y testicular, del diametro

of caspase-12 and CHOP decreased significantly in grougié |os tabulos seminiferos y de la puntuacién de Johnsen, en
comparacion con el grupo diabético. La inhibicion de JNK mejord

CONCLUSION significativamente el dafio histopatoldgico en el tejido testicular
al prevenir el estrés del RE y la apoptosis inducidos por la diabetes.

In our study, the decreased expression of caspase-12

and CHOP in group | suggests that JNK inhibition is an ~ PALABRAS CLAVE: Diabetes mellitus; Inhibidores

effective target against ER stress, effectively mitigating tH & Proteina quinasa; Estrés del reticulo endoplasmatico;

severity of diabetes-induced testicular damage. This stu@ioPtosis: Testiculo.

focused on the effect of the INK inhibitor SP600125 on ER

stress in diabetic testis tissue. Administration of the JNREFERENCES

inhibitor significantly prevented diabetes-induced ER stress o _ R _ _

and apoptosis. Recent studies have shown that there is a ﬁH%‘;’vgs"O;Srﬁll’U%’U';g;”@;'\" g'%vz'si'gﬂk’Aﬁ; I(glstglrltjén':;\ ?fg::’gﬁg

between increased JNK activation and the development of agent for the treatment of type 1 diabetes-induced testicular germ cell

various diseases and that JNK inhibitors may be effective in apoptosis in rats®lol. Biol. Rep., 50(3p195-205, 2023.

preventing disease. We believe that this study, which is the W.; Cui, J. & Tang, S. The relationship of testicular stiffness with Johnsen

. P . . score and sperm retrieval outcome in men with non-obstructive
first to use a JNK inhibitor against ER stress-induced azoospermiaQuant. Imaging Med. Surg., 14(@)33-43, 2024.

apoptosis in diabetic testis tissue, will make a significafagnani, R.; Singh, H.; Suri, M. & Bali, A. JNK inhibition mitigates sepsis-
contribution to the literature. associated encephalopathy via attenuation of neuroinflammation,
oxidative stress and apoptodiéetab. Brain Dis., 40(3148, 2025.

. . . raziani, A.; Scafa, R.; Grande, G. & Ferlin, A. Diabetes and male fertility
Conflict of interest. The autors declares that there is n& disordersMol. Aspects Med., 9801303, 2024.

ConfliCt Of.in_tereSt that could be perceived as prejudiCingrynberg, K.: Ma, F. Y. & Nikolic-Paterson, D. J. The JNK signaling
the impartiality of the research reported. pathway in renal fibrosigront. Physiol., 829, 2017.

688




BAYRAM, S.; ERSOY, O.; DEVECI, E. & KIZILAY, G. Inhibition of c-Jun N-terminal kinase attenuates diabetic testicular damage via endoplasmic reticulum stress reduction.
Int. J. Morphol., 44(283-689, 2026.

Hein, T. W,; George, S. P.; Xu, L.; Ichikawa, C.; Muther, J. S. S.; Bloom, MCorresponding author:
C.J. &Kuo, L. Requisite roles of LOX-1, INK, and arginase in diabete®jnasi Bayram
induced endothelial vasodilator dysfunction of porcine coronary arteriOIeBepartment of Histology and Embryology
J. Mol. Cell. Cardiol., 13182-90, 2019. Faculty of Medicine
Huang, R.; Chen, J.; Guo, B.; Jiang, C. & Sun, W. Diabetes-induced mzilet bul Health and Technol Uni it
infertility: potential mechanisms and treatment optiokiel Med., stanbul Health and lechnology University
30(1)y11, 2024. Istanbul 34000
Kizilay, G.; Ersoy, O.; Cerkezkayabekir, A. & Topcu-Tarladacalisir, Y.TURKEY
Sitagliptin and fucoidan prevent apoptosis and reducing ER stress in
diabetic rat teste#\ndrologia, 53(3)13858, 2021. E-mail: sinasi.bayram@istun.edu.tr
Kumar, G. G.; Kilari, E. K.; Nelli, G. & Salleh, N. B. Oral administration of
Turnera diffusa willd. ex Schult. extract ameliorates steroidogenesis ag§rC|D iDs:
spermatogenesis impairment in the testes of rats with type-2 diabe . .
mellitus.J. Ethnopharmacol., 31416638, 2023. Shasi Bayram: 0000-0003-4785-4751
Li, C.: Ma, D.; Chen, Y.; Liu, W.; Jin, F. & Bo, L. Selective inhibition of JINK Onu.r Ersoy: ,0000'0001'9829'7903
located on mitochondria protects against mitochondrial dysfunction arf@ngin Deveci: 0000-0002-2353-1184
cell death caused by endoplasmic reticulum stress in mice with LE§ulnur Kizilay: 0000-0003-1793-7003
induced ALI/ARDS.Int. J. Mol. Med., 49(685, 2022.
Li, J.; Chen, F.; Chen, Y. & Wang, Z. Mitochondrial- and Fas-L-mediated
pathways involved in quinestrol induced spermatogenic apoptosis in adult
rat testesToxicol. Mech. Methods, 24(8D9-15, 2014.
Lim, A. K. H.; Ma, F. Y.; Nikolic-Paterson, D. J.; Ozols, E.; Young, M. J.;
Bennett, B. L.; Friedman, G. C. & Tesch, G. H. Evaluation of JNK
blockade as an early intervention treatment for type 1 diabetic nephropathy
in hypertensive rat#Am. J. Nephrol., 34(4337-46, 2011.
Nna, V. U.; Bakar, A. B. A.; Ahmad, A. & Mohamed, M. Metformin mitigates
impaired testicular lactate transport/utilization and improves sexual
behavior in streptozotocin-induced diabetic rAtsh. Physiol. Biochem.,
127(1)51-60, 2021.
Pan, Y.; Zhang, X.; Wang, Y.; Cai, L.; Ren, L.; Tang, L.; Wang, J.; Zhao, Y.;
Wang, Y.; Liu, Q.;et al Targeting JNK by a new curcumin analog to
inhibitNF-kB-mediated expression of cell adhesion molecules attenuates
renal macrophage infiltration and injury in diabetic miE&oS One,
18;8(11)e79084, 2013.
Saeedi, P.; Petersohn, |.; Salpea, P.; Malanda, B.; Karuranga, S.; Unwin, N.;
Colagiuri, S.; Guariguata, L.; Motala, A. A.; Ogurtsova,ét.al Global
and regional diabetes prevalence estimates for 2019 and projections for
2030 and 2045: Results from the International Diabetes Federation
Diabetes Atlas, 9th editio@iabetes Res. Clin. Pract., 1307843, 2019.
Shi, W.; Guo, Z.; Ji, Y. & Feng, J. The protective effect of recombinant globular
adiponectin on testis by modulating autophagy, endoplasmic reticulum
stress and oxidative stress in streptozotocin-induced diabetic Euice.
J. Pharmacol., 87473132, 2020.
Salah, M.; Ismail, K. A. & Khadrawy, S. M. Nobiletin protects agains diabetes-
induced testicular injury via hypophysis-gonadal axis upregulation and
amelioration of oxidative stresi§lol. Biol. Rep., 49(1189-203, 2022.
Spencer, B. G. & Finnie, J. W. The role of endoplasmic reticulum stress in
cell survival and deathd. Comp. Pathol., 1886-91, 2020.
Sun, Z.; He, W.; Meng, H.; Ji, Z.; Qu, J. & Yu, G. Lactate activates ER stress
to promote alveolar epithelial cells apoptosis in pulmonary fibrBsispir.
Res., 25(13101, 2024.
Wang, Z.; Feng, S.; Li, Q.; Song, Z.; He, J.; Yang, S.; Yan, C. & Ling, H.
Dihydromyricetin alleviates hippocampal ferroptosis in type 2 diabetic
cognitive impairment rats via inhibiting the JNK-inflammatory factor
pathwayNeurosci. Lett., 81237404, 2023.
Yu, Q.; Hua, R.; Zhao, B.; Qiu, D.; Zhang, C.; Huang, S. & Pan, Y. Melatonin
protects TEGDMA-induced preodontoblast mitochondrial apoptosis via
the JINK/MAPK signaling pathwayActa Biochim. Biophys. Sin.
(Shanghai), 56(3393-404, 2024.
Zhang, C.; Tang, Y.; Li, Y.; Xie, L.; Zhuang, W.; Liu, J. & Gong, J. Unfolded
protein response plays a critical role in heart damage after myocardial
ischemia/reperfusion in raBLoS One, 12(630179042, 2017.
Zhang, H.; Liu, X.; Zhou, S.; Jia, Y.; Li, Y.; Song, Y.; Jiao, Y. & Liu, J. SP600125
suppresses Keapl expression and results in NRF2-mediated prevention
of diabetic nephropathy. Mol. Endocrinol., 60(2145-57, 2018.

689



