Journal of Taibah University Medical Sciences (2023) 18(1), 9—18

Taibah University Focetlo

Taibah University
Medical Soi?nces
/
=50

Journal of Taibah University Medical Sciences

www.sciencedirect.com

Original Article

Effect of histone deacetylase inhibitor (vorinostat) on new-onset
diabetes induced by tacrolimus

Check for
Updates

Fatmah A. Bakhdar, MSc®""*, Hala S. Abdel kawy, PhD*, Rania M. Magadmi, PhD %,
Eman A. El-Kordy, PhD ¢ and Abdulhakeem S. Alamri, PhD ¢

& Pharmacology Department, Faculty of Medicine, King Abdulaziz University, KSA

® Pharmacology and Toxicology Department, Faculty of Pharmacy, Umm Al-Qura University, KSA

¢ Anatomy Department, Faculty of Medicine, Imam Mohammad Ibn Saud Islamic University, KSA

4 Clinical Laboratory Sciences Department, Faculty of Applied Medical Science, Taif University, KSA

Received 2 April 2022; revised 2 June 2022; accepted 7 July 2022; Available online 21 July 2022

wadlal) Gy (paS/pne 15) 8pa Aoy Gliugh ) 6l aladin claliiiud)
Ol Sy ey S and Al g BanSIU slaally il sliadll i)

i Aladll e aal (Uasadd s SU) deliall Jafia iy ciall cilaai
s i 5 ) Aallad il Bl ) Cogs S Al dy e pall (5 Sl
Losadl 5 S e Ul (o pSlly pSaill 8 (S0 sl Ladia)

Ll pdie wull 8 Aal s f3a (e S3 (N el a3 sl 3ok
aaS/ana 1.0) usad s SUll Ao sene cddailiall de sandll il sane 0
Giob e aaS/ana ) 0) i sy 5 il de gana ¢(asy YA 52 Glaall Jals
desame clae sl Laaglle) & lic samay (pse YA 33l il
& oesall g SUN Ao sanay cam YA Baal linighy ) sdll aa (usadd 5 SU
A s (g Sl ) sl anls o3 By yaill AleS J o g ) £ Bl il 5y ) sl
a el gia i) dae A e giailly ol ) agull g cal a5 55 slal
aladle (L) oS slpml 5 Wiia,gl e dale) Glgi¥) cldle (ulé
A e A i sl 3ausYIy (Oslislall) sausY) cililias
ailday ani ai Liaf (YoubaulS) assall LAY Cisa disas (0!

(OS5 Lyl (S

(Ssinsa 4 Al sale 33l (W a s 28 Baal a sl 5 HSUIL = Mall (gl 2l
de sandlly A jie Glpui¥ls Tl el gt b oRlisily S
FlEl e Lasale (S8 JIB Lae il sall 340 el 55 (3 el aay Adadlizall
OS5 Ol sl) pan B LSl pu¥1 5 o Sl il iy sise 535 S
Gosie 8L ae FoubnlSy 308V 5 il Gladle Gl gine Jagala
Lila lad Geseds SUIL Aaleal) de gendly Tjlie skl

bl Jaall paa S el e S e e il gy ) 64l

* Corresponding address: Pharmacology Department, Faculty of
Medicine, King Abdulaziz University, KSA.

E-mail: aba-q@hotmail.com (F.A. Bakhdar)

Peer review under responsibility of Taibah University.

ELSEVIER Production and hosting by Elsevier

2 3l G yall Al all oda il g gadd o SEN e ) (g Sl a1
ALl Gook O S Ao 55 ax e S 55 Oapend) B ped) il (o
Aelid) cilladial adall JUail) 6 il g ) 68l

¢ oM ) sina lladie 52uS] alias ¢ileil) alias sdualidall cilalsl)
s 3y 5 58 ¢ sad 5 S £ )5l amy 22l (5 S

Abstract

Objective: The immunosuppressant tacrolimus is a major
cause of new-onset diabetes after transplantation. The
aim of this study was to evaluate whether a low dose of
the histone-deacetylase inhibitor (vorinostat) might
ameliorate tacrolimus-induced new-onset diabetes.

Methods: Thirty 8-week-old male Wistar rats were
randomly divided into five groups: a control group,
tacrolimus group (1.5 mg/kg intraperitoneally for 28
days), vorinostat group (15 mg/kg orally for 28 days), a
group receiving tacrolimus with vorinostat for 28 days;
and a group receiving coadministration of tacrolimus for
28 days and vorinostat for 14 days. Diabetes development
was assessed on the basis of serum glucose, insulin,
HOMA-IR and C-peptide. To investigate the mechanism
of vorinostat, we assessed inflammatory markers (tumor
necrosis factor-o. and interleukin-1B), an antioxidant
marker (glutathione), an oxidant marker (nicotinamide
adenine dinucleotide phosphate hydrogen oxidase) and
an apoptosis marker (caspase-3). Kidney functions
(creatinine and blood urea nitrogen) were also assessed.

1658-3612 © 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/). https://doi.org/10.1016/j.jtumed.2022.07.004
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Results: The administration of tacrolimus for 28 days
resulted in significantly increased serum glucose and
decreased C-peptide and insulin levels than those in the
control group. However, coadministration of vorinostat
significantly decreased hyperglycemia and increased C-
peptide and insulin levels. Moreover, combined treatment
with tacrolimus and vorinostat, compared with tacroli-
mus treatment alone, resulted in significantly reduced
inflammatory and oxidant markers, and increased gluta-
thione. Additionally, vorinostat improved the kidney
parameters.

Conclusion: Vorinostat at a low dose (15 mg/kg) induces
anti-inflammatory and antioxidative effects that protect
the pancreas and kidney against the development of new-
onset diabetes due to tacrolimus in rats. This experi-
mental study provides insights supporting further clinical
trials to improve the post-kidney transplantation proto-
col through addition of vorinostat to the immunosup-
pressive regimen.

Keywords: Anti-inflammatory; Anti-oxidant; Histone deace-
tylases inhibitors; New-onset diabetes after transplantation;
Tacrolimus; Vorinostat

© 2022 The Authors. Published by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

End-stage chronic renal disease has been a substantial
problem in KSA, affecting 19,000 people over the past 30
years.1 Although it can be managed through hemodialysis, the
optimal treatment for this disease is kidney transplantation.2
According to the most recent report from the Saudi Center
for Organ Transplantation, kidney transplantation is the
most frequently performed type of organ transplantation
(86.9%)." After transplantation, patients must receive
immunosuppressive agents to protect the transplanted
kidney from immune system attack and organ rejection.’
However, immunosuppression may cause harmful adverse
effects, such as infections, cancer and diabetes.*

Various studies have established a direct relationship be-
tween the use of immunosuppressants, particularly cortico-
steroids and tacrolimus (Tacro), and the development of
diabetes.” New-onset diabetes after transplantation
(NODAT) refers to diabetes incidence after organ trans-
plantation in nondiabetic patients; it occurs in 10%—25% of
patients taking Tacro.® However, the pathogenesis of Tacro-
induced NODAT remains incompletely understood.
Numerous studies have proposed hypotheses regarding its
pathogenesis, on the basis of the direct toxicity of Tacro to
pancreatic B-cells, and the associated decrease in both insulin
synthesis and secretion. Subsequently, hyperglycemia in-
creases oxidative stress, which in turn produces further B-cell
apoptosis.7 This cycle leads to the development of NODAT.?
NODAT can generate serious complications that affect
many organs,” and potentially lead to the failure or

rejection of transplanted kidneys.® Although classical
hypoglycemic drugs, such as sulfonylureas or biguanides,
and insulin may be used to treat NODAT, these drugs
have several dangerous adverse effects, such as lactic
acidosis,lo in which lactic acid accumulation in the body
can lead to failure of the transplanted kidney.]l Thus,
further research on new drugs for NODAT treatment
that promote the protection of transplanted kidneys is
needed.

Over the past 10 years, several studies have focused on
histone deacetylase enzymes, which have a pathogenic role in
diabetes mellitus.'>'? The development of diabetes is
dependent on acetylation reactions that release cytokines,
such as tumor necrosis factor-alpha (TNF-a) and inter-
leukin-1p (IL-1B), which induce B-cell death.'* Thus, histone
deacetylase inhibitor (HDACi) drugs are promising anti-
inflammatory agents.'” Vorinostat (Vorino) is an HDACi
that was approved for the treatment of cutaneous T-cell
lymphoma in 2006,'>'° and has broad-spectrum anti-in-
flammatory and antioxidant characteristics.'”!” Previous
studies have demonstrated that Vorino has antidiabetic
effects in an animal model of type 1 DM.'* These
attractive properties of Vorino make it a suitable
therapeutic candidate for managing NOD after kidney
transplantation.

Because little work has been performed on this topic in
KSA, this study aimed to investigate possible novel thera-
peutic targets for NODAT. We investigated the effects of a
low oral dose (15 mg/kg/day) of Vorino,”’ which was
intended to be an anti-inflammatory dose rather than an
anticancer dose, and examined its anti-diabetic mechanism in
Tacro-induced NOD in male Wistar rats. Moreover, a
literature review focuses on the effectiveness and safety of
Vorino in NOD animal models. The results of this study will
help improve the protocols and strategies for kidney trans-
plantation regimens.

Materials and Methods

Thirty 8-week-old male Wistar rats weighing between 180
and 200 g were used. They were housed in groups of six in
transparent plastic cages. The temperature was controlled,
and a 12/12-h light/dark cycle environment was imple-
mented. The rats were provided with tap water and a low-salt
diet (0.05% sodium) to avoid another risk factor
(hypertension).

Study design

The rats were randomly divided into five groups (n = 6 in
each group) (Figure 1):

1. DMSO group (control): received 0.5 ml of 0.5% DMSO
(Sigma Aldrich, Darmstadt, Germany) both PO and IP
each day for 28 days.

2. Tacro group: received 0.5 ml of 1.5 mg/kg Prograf
(Astellas Toyama Co., Tokyo, Japan) IP each day for 28
days'g to induce NOD.

3. Vorino group: received 0.5 ml of 15 mg/kg Vorino
(MedChem Express, NJ, USA) PO each day for 28 days.zo
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Figure 1: Experimental design. After a low salt diet for 1 week, animals were divided into five groups (n = 6).
DMSO, control group; PO, oral gavage; IP, intraperitoneal,; Tacro, Tacrolimus group; TV28, Tacrolimus with Vorinostat for 28 days, TV 14,
Tacrolimus for 28 days with Vorinostat for 14 days group, Vorino, Vorinostat group.

4. Tacro + Vorino 28 group (TV28): received 0.5 ml of Vorino
(15 mg/kg) PO and then 0.5 ml of Tacro (1.5 mg/kg) at 2 h
after Vorino administration IP daily for 28 days.19

5. Tacro + Vorino 14 group (TV14): received 0.5 ml of Tacro
(1.5 mg/kg) alone IP each day for 14 days, and then 0.5 ml
of Vorino (15 mg/kg) PO each day and 0.5 ml of Tacro
(1.5 mg/kg) at 2 h after Vorino administration on day 15. 1

All doses were chosen on the basis of previous studies, and
the dose of Vorino was selected according to its anti-
inflammatory effects in animal models.”’ All solutions were
prepared daily and administered at 9 a.m. The fast glucose
test (FGT) and rat weight were verified weekly. The
changes in body weight and FGT results were calculated
according to the differences between the mean group
weight at the beginning and the end of the experiment.

Finally, the rats were anesthetized with diethyl ether.
Blood samples were collected from the heart to measure the
following biomarker levels with specific ELISA kits:

1. Hyperglycemic parameters: a glucose ELISA kit (catalog
No. MBS7233226), Tacro ELISA kit (catalog No.
MBS288390) and CASP3 ELISA kit (catalog No.
MBS018987) were obtained from My Bio Source (San
Diego, CA); an insulin ELISA kit (catalog No.
ERINSXS5) was obtained from Thermo Fisher Scientific
(Inchinnan, UK); and a C-peptide ELISA kit (catalog No.
90055) was purchased from Crystal Chem (Elk Grove
Village, IL).

2. Oxidative stress parameters: a NADPH oxidase ELISA
kit (catalog No. MBS2602768) was obtained from My
Bio Source, and a glutathione ELISA kit (catalog no. E-
EL-0026) was obtained from Elabscience (Houston,
TX).

3. Inflammatory parameters: a TNFa ELISA kit (catalog
No. MBS355371) and an IL-1B ELISA kit (catalog No.
MBS2023030) were obtained from My Bio Source.

4. Kidney parameters: a BUN ELISA kit (catalog No.
MBS2600001) and creatinine ELISA kit (catalog No.
MBS749827) were obtained from My Bio Source.

Additionally, the homeostatic model assessment of in-
sulin resistance (HOMA-IR) was used to compare insulin
resistance according to the equation. Finally, the pancreas
was extracted in 10% formalin and stained with H&E for

histopathological assessment by light microscopy
(Olympus-BX53, Olympus Co., Tokyo, Japan) at 20x
magnification.

The experimental protocol was approved by the Unit of
Biomedical Ethics of the Research Ethics Committee at King
Abdul-Aziz University (reference No. 309-18).

Statistical analysis

Statistical analyses were performed in SPSS, version 21.0.
(IBM Inc., NY, USA). All data are presented as the
means + standard deviation (SD), and P values of 0.05 were
considered significant. Significant differences were deter-
mined with one-way analysis of variance (ANOVA), fol-
lowed by Bonferroni post hoc comparison.

Results
Effects of Tacro and Vorino on basic parameters

The weights of the animals all groups increased gradually
each week (Table 1). However, Tacro, compared with
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Table 1: Effects of tacrolimus (Tacro) and vorinostat (Vorino) on basic parameters.

Groups (n = 6) DMSO Tacro Vorino TV28 TV14

ABW (g) 110.84 + 3.1 45 £+ 1.62* 1122 + 124 57.5 + 34.3 80 + 16.1
AFGT (mg/dl) 9.2+9.6 46.5 + 9.6* 27 £ 5.53 20.5 + 3.82! 29.7 + 6.34'
Tacro level (pg/l) = 10.1 + 1.48 = 1131 +£3 12.03 + 1.8

Values are presented as mean £ SD. n = number of rats.

One-way ANOV A, followed by Bonferroni post hoc comparison test. P = 0.05.
DMSO, control; BW, body weight;, FG, fast glucose test; Tacro, Tacrolimus;, TV28, Tacrolimus with Vorinostat for 28 days; TVI4,
Tacrolimus for 28 days with Vorinostat for 14 days,; Vorino, Vorinostat group.

* P = 0.05 compared with DMSO.
T P =0.05 compared with Tacro.

DMSO, resulted in significantly lower weights and higher
FGT (P = 0.05).

Remarkably, TV14 significantly increased the Tacro-
induced weight loss (P = 0.05), and the FGT values were
significantly lower in both coadministration groups at week 3
than in the Tacro group. The Tacro level was measured only
for the Tacro, TV28 and TV14 groups (Table 1), and the
differences were not significant.

Effects of Tacro and Vorino on hyperglycemic parameters

Figure 2 shows that Tacro, compared with DMSO,
caused an approximately 3-fold increase in glucose levels
and a significant decrease in serum insulin of approximately
90% (P = 0.05). Additionally, compared with DMSO, TV28
significantly increased the glucose level by approximately 2-
fold (P = 0.05), whereas TV14 significantly decreased the
glucose level to nondiabetic level. Both coadministration
groups showed insulin levels comparable to those in the
DMSO group.

In addition, the serum C-peptide concentration was
measured to evaluate whether Tacro had a similar effect to
that observed in type 1 DM. Tacro, compared with DMSO,
significantly decreased the serum C-peptide by 88%
(P = 0.05). Both TV28 and TV14 exhibited values that were
not significantly different from those with DMSO.

Additionally, Tacro caused glucose resistance, a feature
similar to type 2 DM. The HOMA-IR value was significantly
lower by 73% in the Tacro group than the DMSO group
(P = 0.05). Notably, the values in the other treatment
groups increased and were similar to those in the DMSO
group.

Finally, Tacro caused a significant 40-fold increase
(P = 0.05) in caspase-3 in the homogenized pancreas,
whereas the other treatment groups showed a decrease, and
the values did not significantly differ from those in the
DMSO group.

Effects of Tacro and Vorino on oxidative stress parameters

The antioxidative effects of Vorino on Tacro-induced
oxidative stress were assessed on the basis of the gluta-
thione (GSH) and NADPH oxidase levels (Figure 3). In the
Tacro group, compared with the DMSO group, GSH was
significantly lower by more than 80%, while NADPH-
oxidase was more than 4-fold higher. Interestingly, no

significant differences were observed between the other
treatment groups and DMSO.

Effects of Tacro and Vorino on inflammatory parameters

Figure 3 shows that Tacro, compared with DMSO,
significantly increased (P = 0.05) TNF-o,, by more than
67%, and IL-1PB, by more than 24%. Interestingly, no
significant differences were observed between the other
treatment groups and DMSO.

Effects of Tacro and Vorino on kidney parameters

Tacro, compared with DMSO, caused a significant in-
crease (P = 0.05), by more than 3-fold, in both BUN and
creatinine (Figure 3). Interestingly, the coadministration
groups showed significantly (P = 0.05) lower BUN and
creatinine, by more than 55%, for TV28 vs. Tacro and by
more than 62% for TV14 vs. Tacro; however, significant
differences were not observed relative to DMSO.

Effects of Tacro and Vorino on pancreatic sections

The H&E pancreatic sections of DMSO and Vorino
showed large regular pale staining areas that represented the
endocrine portion of the pancreatic lobules (islets of Lang-
erhans). They appeared scattered between the exocrine pa-
renchyma, as pale stained areas arranged in anastomosing
branching cords, with blood capillaries between them. Each
islet consisted of clusters of polygonal cells with central
rounded pale nuclei and acidophilic cytoplasm (Figure 4A,
Q). Sections in the Tacro group showed few ill-defined islets
with marked histological structural changes in the cells.
Shrunken distorted islets with a marked loss of cells were
observed. Many islet cells showed marked cytoplasmic
vacuolation and small deeply stained nuclei (Figure 4B). The
sections in the TV28 group showed partial improvement in
the morphological structure of the islets and acidophilic
cytoplasm, with pale rounded nuclei. However, some cells
still had vacuolated cytoplasm with pyknotic nuclei
(Figure 4D). Unexpectedly, the sections in the TV14 group
appeared more or less normal and showed an increase in
size. The islet cells were improved, and most of them had
vesicular round nuclei and acidophilic cytoplasm (Figure 4E).

As shown in Figure 5, Tacro, compared with DMSO,
resulted in a significantly decreased total area and number
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in Figure 5B, the nuclei counts were significantly increased
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of nuclei in the islets of Langerhans cells (P

Remarkably, the area size was significantly increased
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DMSO, control; Tacro, Tacrolimus, TV2S, Tacrolimus with Vorinostat for 28 days; TV 14, Tacrolimus for 28 days with Vorinostat for 14

days, Vorino, Vorinostat.
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Figure 4: Effects of tacrolimus (Tacro) and vorinostat (Vorino) on pancreatic sections stained with H&E; scale bar 20 pm.

(A) DMSO group: large well-defined pancreatic islets (arrows) and acidophilic cells with rounded vesicular nuclei (stars). (B) Tacro group:
distorted shrunken islets with loss of cellular cords (arrows), small pyknotic nuclei (dotted arrow) and vacuolated cytoplasm (v). (C)
Vorino group: large well-defined islets (arrow), with acidophilic cells with rounded vesicular nuclei (star). (D) Tacrolimus and vorinostats
for 28 days: Increase in the islets size with more or less normal cellular cord arrangement (arrows); some cells show vacuolated cytoplasm
(v), and others show pyknotic nuclei (dotted arrow). (E) Tacrolimus and vorinostats for 14 days: Increase in islet size (arrows), with more
or less normal cells have acidophilic cytoplasm and pale round nuclei (stars). The letter A represents pancreatic acinus, and the letter C
represents blood capillaries.
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Figure 5: Effects of tacrolimus (Tacro) and vorinostat (Vorino) on the total area of islets and the number of nuclei.

(A) Total area of islets, (B) Number of nuclei in islets.
Values are presented as mean + SD.

DMSO, control; Tacro, Tacrolimus; TV28, Tacrolimus with Vorinostat for 28 days, TV14, Tacrolimus for 28 days with Vorinostat for 14

days, Vorino, Vorinostat.
*P=0.05 compared with DMSO; "P=0.05 compared with Tacro.

that the two treatments affected the area and number of
nuclei differently.

Discussion

To our knowledge, this is the first study to examine the
possible therapeutic and preventive effects of Vorino on
NOD induced by Tacro. The results clearly confirmed that
Vorino, through its anti-inflammatory and antioxidant ef-
fects, ameliorates both the hyperglycemia and the renal
function disturbance induced by Tacro. This finding may
provide a rationale for the use of Vorino in renal transplants
patients with Tacro-induced NOD.

Weight loss is a common symptom of type 1 DM. The
present study revealed that Tacro led to significant weight
loss, as confirmed by several previous experiments.7’'9’21’22
Simultaneously, Tacro caused a gradual increase in FGT,
as also previously reported.23 To confirm these results, we
determined random blood glucose levels, and found that
the Tacro group showed diabetic glucose levels, in
agreement with findings from previous studies.®7:1%-21:24
Hyperglycemia was associated with a decrease in insulin
and C-peptide, thus suggesting that Tacro induces type 1
DM, as reported in previous studies.”'”?®  The
histopathology results confirmed that the Tacro-induced
decrease in insulin was caused by a decrease in islet size
rather than insulin secretory dysfunction, in agreement with
previous ﬁndings.zs’% The current work provides evidence
that caspase-3 in the homogenized pancreas significantly
increases after Tacro treatment and enhances islet cell death.
Previous studies have confirmed this finding by measuring
TUNEL and caspase-3.(’"7727 Additionally,  Tacro
significantly induced HOMA-IR, as previously re-
ported.(“B 23,27 Together, these results suggest that Tacro

predominantly induces type 1 DM with some features of
type 2 DM.

Several lines of evidence indicate that Vorino has antidi-
abetic effects.'>!® Indeed, Vorino has been found to increase
B-cell area in a mouse model of typel DM.'® Therefore,
Vorino is an attractive candidate for the management of
Tacro-NOD. The current study indicated that the preven-
tive coadministration of Vorino with Tacro (TV28) as well as
the therapeutic administration of Vorino after the develop-
ment of Tacro-induced NOD (TV14) effectively normalized
the FGT and random glucose concentration. Moreover,
these treatments significantly ameliorated the Tacro-induced
pancreatic dysfunction and the impairments in insulin
secretion and resistance. Vorino alone was administered to
normal rats to investigate its mechanisms in glucose hemo-
stasis; however, it did not affect all hyperglycemia
parameters.

Unexpectedly, Vorino significantly increased the total
islet area, as demonstrated by H&E staining. This effect
might be explained by the nonsignificant increase in the
number of nuclei counted in the sections. Because this
observation was not associated with increased insulin levels,
the increase in islet area was unlikely to have been due to an
increase in the number of B-cells. However, this speculation
has not been confirmed by any previous studies. Next, the
Tacro concentration was evaluated to investigate whether
the preventive effect of Vorino on Tacro-NOD is related to
the pharmacokinetic drug—drug interactions between them.
Administration of Vorino for the same duration as Tacro or
after the development of NOD did not affect Tacro con-
centration. These results suggested that Vorino does not
interfere with Tacro pharmacokinetics. However, this spec-
ulation has not been confirmed by any previous studies.

The results of this study indicated that Tacro induced
apoptosis. Oxidative stress plays a key role in apoptosi529
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and diabetes development.30 Therefore, the antioxidant
properties of Vorino in the treatment of Tacro-induced
oxidative stress were evaluated. In the present study, Vor-
ino ameliorated NADPH oxidase elevation and restored the
GSH depletion caused by Tacro, in agreement with previ-
ously reported findings. ' However, Vorino alone, compared
with the control, did not alter the GSH nor NADPH oxidase
levels, thus suggesting that it is effective against oxidative
stress induced by hyperglycemia but not under normal
glucose conditions.

Another proposed mechanism of Vorino in Tacro-NOD
may involve anti-inflammatory effects. Administration of
Vorino, either before or after the development of NOD,
significantly ameliorated the increase in TNF-o. and 1L-1f
levels caused by Tacro. These results are consistent with
findings from previous studies.! 1%

In the current study, Tacro increased the creatinine and
BUN levels, as confirmed by previous studies.'”>*?” The
most important finding was that Vorino had protective
effect on the increase in creatinine and BUN caused by
Tacro through a glucose-independent mechanism. This pre-
ventive effect of Vorino has been investigated previously.12

This study has several limitations. The results from this
preclinical study need to be translated to clinical practice
with caution, because patients receiving kidney transplants
usually take other diabetogenic drugs, such as corticoste-
roids. Furthermore, this study did not focus on the mecha-
nism underlying the preventive effects of Vorino against
Tacro-induced nephrotoxicity.

The unexpected observation that late administration of
Vorino (TV14) was more effective than early administration
of Vorino (TV28) needs to be explained by doing further
experiments that out of the scope of this study.

Conclusion

This study provides pharmacological evidence of the ef-
ficacy of Vorino (15 mg/kg/PO) in decreasing the hypergly-
cemia induced by Tacro. Its antihyperglycemic effect may
occur through its antioxidant and anti-inflammatory effects.
Remarkably, the administration of Vorino protected renal
function in a rat model of Tacro-NOD. Therefore, Vorino
may be a promising therapeutic agent for Tacro-NOD in
patients receiving renal transplantation, because it does not
pose a risk to the transplanted kidneys.

Abbreviations: BUN, blood urea nitrogen; DMSO, dimethyl sulf-
oxide solution; ELISA, enzyme linked immunosorbent assay; FGT,
fast glucose test; GSH, glutathione; HDACI, histone deacetylase
inhibitor; HOMA-IR, homeostatic model assessment for insulin
resistance index; IP, intraperitoneal; IL-1B, interleukin-1 beta;
NADPH-oxidase, nicotinamide adenine dinucleotide phosphate
hydrogen oxidase enzyme; NODAT, new-onset diabetes after
transplantation; PO, oral gavage; Tacro, tacrolimus; TNF-o, tumor
necrosis factor-o; Vorino, vorinostat.
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