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Protective Effects of Suberoylanilide Hydroxamic Acid and
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ABSTRACT
Background: Type 2 diabetes mellitus (T2DM) patients have hepatic disorders risk. This study investigated liver-protective effects
of suberoylanilide hydroxamic acid (SAHA) and dapagliflozin (DAPA) in T2DM rats.
Methods: T2DM induced by high fat diet (HFD) and single Streptozotocin (STZ) injection (35 mg/kg i.p.). Forty rats sorted into
4 groups: NC (negative control), T2DM, T2DM+SAHA (5 mg/kg/i.p. for 8 weeks) and T2DM+DAPA (1 mg/kg/p.o. for 8 weeks).
At experimental end, levels of fasting blood glucose (FBG), fasting insulin, hepatic function tests [gamma glutamyl transferase
(GGT), alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin, albumin, total protein], lipid profiles [total
cholesterol (TC), high density lipoprotein cholesterol (HDL-C), triglyceride (TG)] measured in serum. Hepatic tissue homogenization
prepared for estimating oxidative stress biomarkers [glutathione (GSH), malonaldehyde (MDA), superoxide dismutase (SOD)].
Hepatic histopathological examination made under light microscope.
Result: After 8 weeks treatment, diabetic rats showed elevated FBG, insulin, liver enzymes (GGT, ALT, AST), bilirubin, TG, TC, LDL-C,
MDA, with reductions in albumin, proteins, HDL-C, GSH, SOD. Histopathological liver damage observed. SAHA and DAPA improved
metabolic, oxidative stress and liver function. DAPA was effective in improving FBG and lipid profiles, while SAHA showed effective
on insulin resistance and antioxidant. Histological liver improvements were more pronounced in SAHA group. SAHA and DAPA offer
hepatoprotection in T2DM by improving oxidative stress, lipid metabolism and insulin sensitivity and preserving liver structure.
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INTRODUCTION
By 2045, there will likely be 700 million more diabetes
mellitus (DM) patients worldwide than 463 million currently
cases (Teo et al., 2021). More than 90% of diabetic people
diagnosed with type 2 diabetes mellitus (T2DM) (Salem et al.,
2022). Chronic hyperglycemia and disorders in fats,
proteins and carbohydrates metabolism are T2DM
hallmarks. There is a strong correlation between chronic
hyperglycemia and complications, including liver disorders.
Microvascular and macrovascular problems may result from
improper T2DM therapy. Even with antidiabetic drugs
available, T2DM linked to high rate of morbidity and mortality
(Khan et al., 2025).

Histone deacetylases (HDAC) and histone
acetyltransferases (HAT) play crucial roles in cellular
responses and pathological conditions. HATs promote
transcriptional activation and nucleosome relaxation
through histone acetylation, a key epigenetic mechanism
for regulating gene expression. In contrast, HDACs are
involved in transcriptional repression, chromatin
condensation and de-acetylation. Recent studies suggest
that HDACs may impact carbohydrate and fatty acid
metabolism in diabetes mellitus (DM) by regulating gene
transcription (Wang et al., 2024). Classical HDACs linked
to non-histone proteins deacetylation and signal transducer
and activator of transcription 3 (STAT3) activation, which
inhibits gluconeogenesis enzymes expression. HDAC
inhibitors (HDACi) showing beneficial effects on β-cell
formation, differentiation, proliferation and insulin signaling,

demonstrating protective effects against cytokine-induced
β-cell destruction (Lundh et al., 2012). Suberoylanilide
hydroxamic acid (SAHA), an HDAC inhibitor, exhibits anti-
inflammatory and antioxidant properties, primarily
suppressing Class II, I and IV HDACs and gaining approval
for cutaneous T-cell lymphoma treatment in 2006 (Grant
et al., 2007). SAHA has antidiabetic effects in type 1 diabetes
mellitus animal model (Cabrera et al., 2013) and can
prevent liver fibrosis by inhibiting HDAC2, HDAC6 and
HDAC8 proteins (Hadden and Advani, 2018).

Sodium-glucose cotransporter-2 inhibitors (SGLT2is)
were promising pharmaceuticals class for T2DM therapy
because they improve insulin sensitivity, suppress
gluconeogenesis and reduce glucose reabsorption by
blocking SGLT2 protein that included in 90% of glucose
reabsorption (Xu et al., 2022). FDA originally authorized
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canagliflozin in 2013 and dapagliflozin (DAPA) in 2014 as
SGLT2i (Harris and Nealy, 2020). SGLT2i improve hepatic
function in T2DM patients (Bica et al., 2023). SGLT2i
decrease liver lipid accumulations and decrease fat mass
and body weights by enhancing fatty acids utilization
instead of glucose as source of energy for metabolism
(Szekeres et al., 2021). Due to insulin-independent
mechanism of SGLT2i, individuals with insulin resistance
(IR) or reduced pancreatic function may benefit from this
drugs family as an additional treatment (Bica et al., 2023).

In particular, although previous studies have documented
hyperglycemia-induced metabolic disturbances and
hepatic dysfunction in STZ-induced diabetic rats, limited
information exists regarding precise mechanistic
relationship between T2DM-associated hyperlipidemia
and progressive liver damage in this experimental model.
Therefore, the current study aims to investigate whether
T2DM-induced metabolic abnormalities-specifically
hyperglycemia and dyslipidemia-directly contribute to
hepatic structural and functional alterations. Clearly stating
this hypothesis will strengthen the scientific rationale and
improve the overall coherence of the introduction.

MATERIALS AND METHODS
Animals
Forty adult male Albino rats weighing 250-300 gm and aged
8 weeks obtained from Animal house at Faculty of
Pharmacy, King Abdulaziz University (KAU), Jeddah, Saudi
Arabia during period from 2024-2025. Rats kept in suitable
laboratory status of light (12 h light/dark cycle), temperature
(25±1C) and humidity 60% with ad libitum access to
distilled water and a rodent rat’s diet for one week before
experiment start for acclimatization to laboratory condition.

Chemicals and drugs
Streptozotocin (STZ) was purchased from Sigma-Aldrich
(Sigma-Aldrich Co. St. Louis, Missouri, USA) and mixed in
0.1M citrate buffer (pH 4.4) for intraperitoneal administration
in rats. Suberoylanilide hydroxamic acid, also from Sigma-
Aldrich (Sigma-Aldrich Co. St. Louis, Missouri, USA), was
mixed in a vehicle containing 10% DMSO, 45% PEG-400
and 45% saline, administered intraperitoneally. This research
also conducted to study possible protective effects of
histone deacetylase inhibitors (Suberoylanilide hydroxamic
acid) and sodium-glucose cotransporter-2 inhibitor
(dapagliflozin) in vivo administration on liver of T2DM rat’s
model and examine possible underlying mechanism of
their effects. To assess functional impact of HDAC inhibition,
animals treated with (5 mg/kg/i.p. for 8 weeks) SAHA
(Sigma-Aldrich Co. St. Louis, Missouri, USA) (Colussi
et al., 2010). While HDAC inhibitor activity was not directly
validated via Western blot for acetylated histone H3 or H4
markers in this study, the chosen dosage and time
points were based on previous literature demonstrating
(Colussi et al., 2010) inhibition of HDACs and subsequent
downstream effects at these conditions. Dapagliflozin,

obtained from AstraZeneca Pharmaceutical Company
(Cairo, Egypt), was prepared in a 0.5% aqueous solution
of carboxymethyl cellulose (CMC) and administered orally
via gastric lavage.

Experimental design and induction of T2DM
Forty rats randomly sorted into 4 groups: negative control
(NC) that fed by regular chow diet (23% protein, 53%
carbohydrate and 5% fat) for 12 weeks. From week 4, NC
group rats took 1 ml/kg daily i.p. injections of 10% DMSO,
45% PEG-400, 45% saline (vehicle of SAHA) and 1 ml/kg
daily orally of CMC (vehicle of DAPA). All other rats (n= 30)
fed high fat diet (HFD) (normal diet + 2.5% cholesterol +
20% saccharose + 15% lard stearin) for 11 weeks and
received at 3rd week STZ injection (35 mg/kg i.p.) for T2DM
induction (Ying et al., 2020). Three days followed STZ
injection, fasting blood glucose (FBG) levels evaluated
and animals showed FBG 250 mg/dl considered diabetic
(Ulger and Cakiroglu, 2020). For more 8 weeks, HFD gave
with the following therapy. T2DM group took saline.
T2DM+SAHA received SAHA injection daily (5 mg/kg/i.p.
for 8 weeks) (Colussi et al., 2010). T2DM+DAPA received
daily dapagliflozin (1 mg/kg/p.o. for 8 weeks) (Arab
et al., 2023).

Rats’ body weights recorded at baseline and weekly
using digital scale. Weight gain (%) calculated as:

Weekly food intake measured and food efficiency ratio
(FER) calculated as:

At study’s end, rats fasted for 12 hours and anesthetized
with thiopental sodium (50 mg/kg). Blood collected from
retro-orbital plexus into plain tubes, allowed to clot for
20 minutes and centrifuged at 4000 rpm for 15 minutes.
Sera stored at -20C until analysis.

Rats sacrificed by cervical dislocation. Livers removed,
rinsed in cold saline, weighed and hepatic index (%)
calculated as:

Each liver was bisected: One half fixed in 10% formalin
for histopathology; other half rinsed, flash-frozen in liquid
nitrogen and stored at  -80C for later homogenate
preparation.

Hepatic tissue homogenate preparation
Half of liver homogenized in phosphate-buffered saline
(PBS) to made 10% (w/v) homogenate utilized homogenizer
(Omni International, Kennesaw, GA, USA). Homogenates
further spun at 5,000 g at 4C for 15 min. Supernatants
collected, aliquoted and storage at -20 for further
measurement of oxidative stress biomarkers.

Weight gain (g/week)
Food intake (g/week)

 100

Liver weight
Final body weight

 100

Final weight - Initial weight
Initial weight

 100
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Biochemical measurements
FBG levels were measured using a colorimetric kit from
Abcam (catalog# ab282922). Fasting serum insulin
concentrations assessed by ELISA kit from My BioSource
(catalog# MBS281388) and insulin resistance was
evaluated with the HOMA-IR index, calculated as [fasting
insulin (µU/ml)  fasting plasma glucose (mg/dl)]/405.
Liver functions such as ALT, total bilirubin, GGT, AST, total
protein and albumin were estimated using colorimetric
methods by available kits (Teco diagnostics, Cairo, Egypt).
Serum lipid profiles including total cholesterol, triglycerides
and HDL-C were measured with kits from Spectrum
Diagnostics (Cairo, Egypt), with LDL-C calculated via
Friedewald’s formula. Additionally, malondialdehyde (MDA)
(catalog# MBS268427), superoxide dismutase (SOD)
(catalog# MBS036924) and glutathione (GSH) (catalog#
MBS265966) were quantified in hepatic homogenates
using commercial kits from MyBioSource (San Diego, CA
92195-3308, USA).

Histological examination
After left liver lobes was preserved in a 10% neutral formalin
solution, sample progressively dried out in 50%-100%
ethanol, cleaned in xylene and embedded into paraffin.
Hematoxylin and eosin (HX and E) staining made after
sections cut into 5 m thick portions. Slices of liver analyzed
using light microscopy.

Statistical analysis
Results presented as mean±standard deviation (SD). Value
analysis made using IBM corporation’s SPSS version 22
(Armonk, NY, USA). Shapiro-W ilk test employed to
determine value distributions normality. Tukey’s test utilized
to compare groups of normally distributed values after One-
Way ANOVA used to analyze data. Kruskal Wallis and Mann
Whitney tests utilized to compare groups when values were
abnormally distributed (weight increase, weight index, FER,
liver weights and liver indices). Statistical significance
defined as a p<0.050.

RESULTS AND DISCUSSION
Biological parameters
In comparison to the NC group, the T2DM, T2DM+SAHA
and T2DM+DAPA groups showed significant reductions in
final body weight, weight gain, weight gain percentage and
FER. Additionally, liver weight significantly decreased in
T2DM+DAPA compared to NC (p<0.010), while hepatic
index increased significantly in T2DM versus NC and
T2DM+DAPA groups (p< 0.001 and p<0.010, respectively)
(Table 1). Food intake variations across weeks among
studied groups are illustrated in Fig 1.

Glycemic control
At 3rd week, FBG level significantly increased in T2DM,
T2DM+SAHA and T2DM+ DAPA groups versus NC

Table 1: Comparison of initial, final body weight, weight gain, food efficiency ratio, liver weight and liver index in various studied groups.

Variables NC group T2DM group  T2DM+SAHA group T2DM+DAPA group

Initial body weight (grams) 272.70±45.97 232.80±35.37 235.90±29.12 252.10±14.04
Final body weight (grams) 404.50±50.31 248.40±41.30*** 287.40±56.90*** 308.20±72.21**
Weight gain (grams) 131.80±55.23 15.60±36.44*** 51.50±64.40** 56.10±67.21*
Weight gain (%) 32.07±11.69 5.32±12.74*** 15.35±18.79  * 14.84±17.05*
Food efficiency ratio (FER) (%) 0.051±0.022 0.006±0.014*** 0.020±0.024** 0.021±0.026*
Liver weight (grams) 9.76±1.16 8.75±1.09 8.67±1.33 6.98±2.18 **
Liver index (%) 2.42±0.16 3.62±0.82*** 3.17±0.90 2.35±0.77##
*: Significance versus NC group; #: Significance versus T2DM. *: P<0.050, **: P<0.010, ***: P <0.001.

Fig 1: Food intake in different studied groups at different weeks.
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(p<0.0001). At 11th week, FBG level significantly declined in
T2DM+DAPA versus T2DM and T2DM+SAHA groups
(p<0.001) and in T2DM+SAHA versus T2DM (p=0.029).
Fasting insulin levels and HOMA-IR significantly elevated
in T2DM, T2DM+SAHA and T2DM+ DAPA groups versus
NC (p  <0.0001) but were significantly decreased in
T2DM+SAHA and T2DM+ DAPA groups versus T2DM group
(p<0.0001) and in T2DM+ DAPA groups versus T2DM+SAHA
(p<0.0001) (Table 2).

Liver function tests
At experimental end, AST, ALT and GGT values significantly
increased in T2DM, T2DM+DAPA and T2DM+SAHA groups
versus NC (p<0.001) and in T2DM versus T2DM+DAPA
and T2DM+SAHA groups (p<0.001). Meanwhile, AST and
ALT values significantly decreased in T2DM+DAPA than
T2DM+SAHA group (p<0.001). Total bilirubin significantly
elevated in T2DM versus NC, T2DM+SAHA and
T2DM+DAPA (p<0.001) and in T2DM+DAPA versus NC
(p<0.050).  Total proteins levels dec lined in T2DM,
T2DM+SAHA and T2DM+DAPA versus NC (p<0.001);
decreased in T2DM versus T2DM+SAHA and T2DM+DAPA
(p <0.001), declined in T2DM+DAPA versus T2DM+ SAHA
(p<0.001). Albumin levels significantly decreased in T2DM
and T2DM+DAPA versus NC (p<0.001); decreased in
T2DM versus T2DM+SAHA and T2DM+DAPA (p<0.001),
declined in T2DM+DAPA than T2DM+ SAHA (p<0.001)
(Table 3).

Lipid profile
At experimental end, TG, total cholesterol, LDL-C values
significantly elevated in T2DM, T2DM+DAPA and
T2DM+SAHA groups versus NC (p<0.001) and in T2DM
versus T2DM+DAPA and T2DM+SAHA groups (p<0.001).
Triglyceride and total cholesterol values significantly
increased in T2DM+SAHA versus T2DM+DAPA (p<0.001).
HDL-C values significantly declined in T2DM, T2DM+DAPA
and T2DM+SAHA groups versus NC (p<0.001) (Table 3).

Oxidative stress
At experimental end, MDA liver homogenate levels
significantly elevated in T2DM, T2DM+DAPA and
T2DM+SAHA groups versus NC (p<0.001) and in T2DM
versus T2DM+DAPA and T2DM+SAHA groups (p<0.001).
SOD and GSH liver homogenate values significantly
declined in T2DM, T2DM+DAPA and T2DM+SAHA groups
versus NC (p<0.001); decreased in T2DM versus
T2DM+DAPA and T2DM+SAHA groups (p<0.001 and
p<0.050). SOD value significantly increased in T2DM+SAHA
versus T2DM+DAPA (p<0.001) (Table 4).

Histology results
Livers of healthy control rats exhibit a typical hepatic
structure with hepatocyte cords extending from the central
vein to the lobule’s edge, forming classic lobules. Portal
triads comprised of the portal vein, hepatic artery and bile
ducts with cuboidal epithelium, are found at lobule corners,

Table 3: Comparison of liver function tests and lipid profile in various studied groups.

Parameters NC group T2DM group T2DM+SAHA group T2DM+DAPA group

AST (U/L) 116.10±4.06 248.80±4.32*** 171.60±8.58***,### 151.50±6.77***,###,&&&

ALT (U/L) 80.70±2.31 150.60±4.27*** 127.50±5.08***,### 115.40±4.86***,###,&&&

GGT (U/L) 5.98±1.58 23.30±2.41*** 13.00±1.83***,### 13.90±1.29***,###

Total bilirubin (µmol/L) 5.58±0.56 8.36±0.80*** 5.94±0.39### 6.38±0.41*,###

Total protein (mg/dl) 72.16±2.36 32.30±2.50*** 48.60±2.91***,### 43.90±2.42***,###,&&&

Albumin (mg/dl) 45.20±2.65 23.50±1.78*** 42.50±3.44### 33.90±2.42***,###,&&&

Triglyceride (mg/dl) 132.90±2.96 375.00±9.13*** 314.00±12.65***,### 265.00±15.81***,###,&&&

Total cholesterol (mg/dl) 93.70±3.06 258.70±7.67*** 191.00±13.29***,### 136.50±9.73***,###,&&&

LDL-C (mg/dl) 44.70±3.20 151.10±7.81*** 74.90±7.17***,### 77.80±4.21***,###

HDL-C (mg/dl) 72.30±2.71 32.60±3.95*** 36.10±4.12*** 36.00±4.62***
*: Significance versus NC group; #: Significance versus T2DM, &: Significance versus T2DM+SAHA group. *: P<0.050, ***: P<0.001.

Table 2: Comparison of glycemic control in various studied groups.

Variables
NC group T2DM group T2DM+SAHA T2DM+DAPA
(n= 10) (n= 10) group (n= 10) group (n= 10)

Blood glucose (mg/dl)
3rd week 75.70±7.60 395.20±31.95*** 403.70±48.87*** 410.90±57.36***
11th week 78.90±9.98 354.90±22.57*** 333.20±7.50***,# 263.70±20.82***,###, &&&

Insulin (uIU/ml) 26.80±2.30 85.40±3.06*** 42.50±1.84***,### 75.30±2.11***,###, &&&

HOMA-IR 5.22±0.76 74.94±6.90*** 34.97±1.85***,### 49.01±3.80***,###, &&&

*: Significance versus NC group; #: Significance versus T2DM, &: Significance versus T2DM+SAHA group. *: P<0.050, ***: P<0.001.
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surrounded by loose stromal connective tissue (Fig 2a).
Hepatocytes are polyhedral, often binucleated, featuring
distinct nucleoli and eosinophilic cytoplasm with basophilic
granules. Central vein lined by flat endothelial cells, with
hepatic blood sinusoids located between endothelial cells
and von Kupffer cells. Each lobule has three to six portal
areas with more fibrous connective tissue and interlobular
structures (Fig 2b).

Rats of diabetic group showed severe liver damage.
Alterations were disorderly hepatocyte, inflammatory,
degenerative, necrotic, nucleus karyolysis and hyperplastic
changes. Liver showed degenerations and vacuolation
of hepatocytes and some of them exhibited one large
cytoplasmic vacuole. Severe infiltrative fatty changes as
fat droplets occupying hepatocytes cytoplasm, pushing
nucleus to periphery (Fig 3a). Hydropic degeneration
of hepatocytes observed around dilated central vein.
Central vein showed dilatation and congestion with
leukocytic infiltrations around it (Fig 3b). There were many

localized necrotic regions with extensively vacuolated
hepatocyte cytoplasm and strongly stained pyknotic nuclei,
together with mononuclear cells infiltration or widespread
hepatic coagulative necrosis (Fig 3a,b). Portal tract
showed congested and dilated portal vein and
mononuclear leucocytic cell infiltrations around portal vein
(Fig 3c).

Treated diabetic groups with SAHA demonstrated
improvements in hepatic histological structure, including
hepatocytes amelioration, reduced inflammation and
leucocytic cell infiltration and necrotizing hepatocytes
caused by STZ. Liver tissue maintained a normal shape
with radiating hepatic cell cords and central veins (Fig 4a).
Most hepatocytes were polyhedral with eosinophilic
cytoplasm, basophilic granules and distinct vesicular
rounded nuclei. Central vein lined with flat endothelial cells,
while hepatic blood sinusoids observed between
hepatocyte cords. Portal tract exhibited a normal bile duct,
hepatic artery and portal vein (Fig 4b).

Fig 2: A photomicrograph in the control rat liver (NC) stained with HX and E stain.

        
(a) Thin walled central vein (CV) lined with flat endothelial cells (White arrow)

and normal  hepatocytes (H) with rounded vesicular nuclei (N) and eosinophilic
cytoplasm with  basophilic granules. Some cells are binucleated. Note: thin

walled blood sinusoids (S) between hepatocyte cell cords lined with
endothelial cells (Black arrows) and von Kupffer cells(blue arrows). (X400 HX

and E). Scale bar 30 um.
(b) Portal tract (PT) contained branch of hepatic artery (HA), branch of portal vein
(PV) and bile duct (BD). Hepatocytes with eosinophilic cytoplasm (H) and rounded

vesicular nuclei (N) were observed. (X400 HX and E). Scale bar 30 um.

Table 4: Comparison of oxidative stress markers in various studied groups.

Parameters NC group T2DM group  T2DM+SAHA group T2DM+DAPA group

MDA (nmol/ml) 9.67±3.33 23.54±2.38*** 15.31±2.14***,### 17.55±1.82***,###

SOD (U/ml) 17.93±2.11 9.11±1.37*** 14.40±0.71***,### 10.93±1.15***,#,&&&

GSH (U/L) 315.99±13.04 225.01±11.60*** 267.27±7.25***,### 277.01±10.72***,###

*: Significance versus NC group; #: Significance versus T2DM, &: Significance versus T2DM+SAHA group. *: P<0.050, ***: P<0.001.
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In diabetic rats treated with DAPA, there was a
moderate improvement in liver histology, with preservation
of normal hepatic shape including central veins and
hepatic cell cords. Most hepatocytes were polyhedral,
featuring eosinophilic cytoplasm with basophilic granules
and rounded nuclei. Central vein lined with flat endothelial
cells and hepat ic blood sinusoids were observed
between hepatic cell cords. Portal tracts maintained a

normal histological structure (Fig 5a,b). However, some
specimens exhibited moderate fatty infiltrative changes,
characterized by smaller fat droplets in cytoplasm, loss
of normal liver architecture and mononuc lear cell
infiltration (Fig 5c,d).

T2DM-related metabolic abnormalities may cause
liver damage that lead to liver illnesses, includ ing
cirrhosis, hepatocellular carcinoma and fatty liver. Numerous

Protective Effects of Suberoylanilide Hydroxamic Acid and Dapagliflozin Administration on the Liver of Type 2 Diabetic Rats

Fig 3: Photomicrograph of T2DM group liver stained HX and E stain.

 
(a) Degeneration and vacuolation of hepatocytes (H) with deeply stained pyknotic nuclei (red
arrows) and appearance of large one vacuole inside most hepatocytes (*) (Severe infiltrative

fatty changes). Note: Blood sinusoids (S) with lining endothelial cells (Black arrows) and central
vein (CV). (HX and E-X 400). Scale bar 30 um.

(b) Dilatation and congestion of central vein (CV) with mononuclear cellular infiltrations around
central vein (Blue arrow). Note: Degeneration and vacuolation of hepatocytes (H)

(Fatty changes) with deeply stained pyknotic nuclei (Black arrows). (HX and E-X400).
Scale bar 30 um.

(c) Dilatation and congestion of portal vein (PV) associated with lymphocytic infiltrations (blue
arrow) around portal vein. Degeneration and vacuolation of hepatocytes (H) with deeply

stained pyknotic nuclei (Black arrows) were observed. Note: Hepatic artery (HA) and bile duct
(BD) (HX and E-X 400). Scale bar 30 um.

Fig 4: A photomicrograph in T2DM+SAHA group liver stained with HX and E stain.

(a) Improvement in liver histological structure with normal hepatocytes (H) Exhibited
eosinophilic cytoplasm and rounded vesicular nuclei (Black arrows) radiating from
central vein (CV). Note: Blood sinusoids (S) Lined with flat endothelial cells (Blue

arrows) (X400 HX and E). Scale bar 30 um.
(b) Normal portal vein (PV), bile duct (BD) and hepatic artery (HA). Improvement in

liver histological structure with normal hepatocytes (H) Exhibited eosinophilic
cytoplasm and rounded vesicular nuclei (Black arrows). Note: Blood sinusoids (S)

lined with flat endothelial cells (Blue arrows) (X400 HX and E). Scale bar 30 um.
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variables, including hyperglycemia, insulin resistance,
dyslipidemia, oxidative stress and inflammations, can lead
to diabetic liver damage (Khajuria et al., 2018).

In this study, HFD/STZ utilized to induce a T2DM liver
damage rat model. The results revealed that, final body
weight, weight gain, weight gain percentage and FER
declined in T2DM group compared to NC group. In this
respect, According to Zhu et al. (2021) T2DM rat group’s
body weight dramatically dropped while their intake of food,
water and urine volume significantly elevated (Zhu et al.,
2021). Lower body weight in T2DM is due to catabolic state
of poorly controlled glycaemia. Under these conditions,
lipolysis, metabolic processes and oxidative degradation
of amino acids elevated; they degrade greatest energy and
tissue reserves in animal, so decreasing body weights.
In this study, body weights in diabetic rats were not improved
by administration of SAHA or DAPA to diabetic rats, which
may be caused by continuous catabolic condition. SAHA
appears to have complex effects on body weight. While
some metabolic alterations and adverse consequences,
such as anorexia, were noted in preclinical and clinical
trials, significant weight changes were not always recorded
(Kelly et al., 2005). This suggests that not all circumstances
and dose ranges will result in a consistent or direct effect
of SAHA on body weight. In the meantime, osmotic drainage
brought on by the glycosuria brought on by DAPA alters
body composition, resulting in a decrease in body fat and

body weight loss. According to Phrueksotsai et al. (2021)
DAPA prescription resulted in significant decline in body
weight and body fats after 12 weeks of therapy, with a
mean 3% decrease in baseline body weights. Furthermore,
correlation analysis showed a signif icant posit ive
relationship between weight loss and decrease in liver
fat content (Phrueksotsai et al., 2021). Ahmed et al. (2023)
found that total body weight was declined in three
groups of rats that received three different DAPA doses
(0.75, 1.5 and 3 mg/kg, p.o.) than negative and diabetic
control groups.

Liver index in this research significantly increased in
T2DM versus negative control and T2DM+DAPA groups.
(Zhu et al., 2021) reported that liver indices signifi­cantly
increased in T2DM rat’s model (Zhu et al., 2021). In this
study, liver weight significantly decline in T2DM+DAPA
versus negative control. DAPA medication significantly
reduces total liver fat content in T2DM pat ients
(Phrueksotsai et al., 2021). In addition to decreased body
weight, metabolic substrate shift from glucose to fatty acids
and likely higher hepatic oxidation of fatty acids are other
theories explaining loss of liver fat (Esterline et al., 2018).

This study showed that at experimental end FBG level,
fasting insulin level and HOMA-IR significantly elevated in
T2DM group versus negative control as previously reported
(Abdulwahab et al., 2021; Zhu et al., 2021). In rats, HFD
causes IR (Zhu et al., 2021). The results of this research

Protective Effects of Suberoylanilide Hydroxamic Acid and Dapagliflozin Administration on the Liver of Type 2 Diabetic Rats

Fig 5: A photomicrograph in T2DM+DAPA liver stained with HX and E stain.

(a) Improvement in hepatic histological structure with normal hepatocytes (H) exhibited
eosinophilic cytoplasm and rounded vesicular nuclei (Black arrows) radiating from central
vein (CV). Note: Normal blood sinusoids (S) lined with flat endothelial cells (HX and E- X

400). Scale bar 30 um.
(b) Normal portal vein (PV), bile duct (BD) and hepatic artery (HA). Improvement in liver
histological structure with normal hepatocytes (H) Exhibited eosinophilic cytoplasm and
rounded vesicular nuclei (Black arrows). Note: Normal blood sinusoids (S) Lined with flat

endothelial cells (Blue arrows) (HX and E-X 400). Scale bar 30 um.
(c) Some hepatocytes (H) Showed moderate fatty infiltration in their cytoplasm (*) and

mononuclear cell infiltration’s (White arrow) between hepatocytes (HX and E-X 400).
Scale bar 30 um.

(d) In some specimens, hepatocytes (H) around central vein (CV) showed fatty
infiltration in their cytoplasm (*) with deeply stained pyknotic nuclei (Black arrows) and

mononuclear cell infiltration’s (Blue arrows) (HX and E-X400). Scale bar 30 um.
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showed that FBG, fasting insulin, HOMA-IR was significantly
decreased T2DM+SAHA versus T2DM but were still
significantly elevated than negative control group. Bocchi
et al. (2019) reported that injection of SAHA (25 mg/kg i.p.)
for 23 days into mice leads to improved sensitivity to
insulin. Silva et al. (2020) reported that injection of SAHA
(25-50 mg/kg i.p.) for 8 weeks into HFD fed mice leads to
ameliorate insulin sensitivity. In the MG63 mesenchymal
stem cell model, SAHA enhances β-cell formation and
insulin production by upregulating PDX1 expression.
Furthermore, SAHA pretreatment elevates β-cell markers
in high glucose scenarios, suggesting an improvement in
the stem cells’ capacity to differentiate into insu lin-
producing β-cells (Elsharkawi et al., 2020). Histones,
regulatory proteins and transcription factors involved in
glucose metabolism are deacetylated by HDACs, which
play a role in insulin gene transcription regulation through
histone acetylation (Dewanjee et al., 2021). The results of
this research revealed that therapy of diabetic rats with
DAPA led to decline in FBG, fasting insulin, HOMA-IR versus
T2DM but were still significantly higher than negative control
group. In DAPA treated diabetic rats, FBG was significantly
decline, but fasting insulin and HOMA-IR were increased
versus SAHA treated diabetic group. Tang et al. (2017)
reported that after four weeks of therapy, there was decline
in blood glucose values and an increase in urine glucose
excretion with DAPA. Joannides et al. (2017) reported that
DAPA administration for 45 days into PEPCK transgenic
rats caused reduced plasma glucose and insulin values
due to improve IR, elevated fat and muscle glucose uptake
and GLUT4 protein values and decreased adipocyte size
and elevated adipocyte number, but not elevated insulin
secretion (Joannides et al., 2017). HFD/STZ-induced
diabetic mice treated with DAPA showed improved glucose
tolerance, IR and insulin secretion, with a significant
elevation in insulin pancreatic content (Millar et al., 2016).

Liver was affected in T2DM rat models in this study as
revealed by increased ALT, AST, GGT, total bilirubin and
decline in total protein and albumin versus negative control.
Zhu et al. (2021) reported ALT and AST values elevated in
T2DM rats model. T2DM+SAHA administration to diabetic
rats had protective effect on liver by decreased AST, ALT,
GGT, total bilirubin and significant increase in total protein
and albumin. SAHA has protective effect on liver damage
produced by lethal hemorrhagic shock in rats that was
associated with elevated H3K9 acetylation and suppression
of JNK/caspase-3 apoptotic pathway (Zhang et al., 2013).
SAHA administration significantly reduced AST, ALT and
lactate dehydrogenate levels, increased survival rate and
decreased apoptotic markers expression in liver tissues,
suggesting its protective role in early hemorrhagic shock
conditions (Zhao et al., 2015). Wang et al. (2018) found
that in rats carbon tetrachloride (CCl4) significantly made
liver fibrosis and elevated serum values of transforming growth
factor (TGF)-β1, total bilirubin, ALT, AST, laminin and
procollagen type III; liver HDAC2, p-Smad2/3, HDAC6,

HDAC8, α-SMA and connective tissue growth factor (CTGF)
proteins; whereas Smad7 mRNA and AH3 protein levels
were notably suppressed. SAHA treatment led to
significantly downregulated, these liver chemistries,
cytokines and liver fibrosis-related genes and mitigated
hepatic fibrosis (Wang et al., 2018). Abbas et al. (2019)
reported that SAHA administration (15 mg/kg/day p.o.) for
8 weeks to rat model of autoimmune hepatitis made by
Concanavalin A led to decreased in AST and ALT liver
enzymes. DAPA administration to diabetic rats had
protective effect on liver as revealed by decreased ALT, AST,
GGT, total bilirubin and significant increase in albumin and
total protein. Dapagliflozin therapy protected the liver in db/
db mice, as revealed by markedly lower levels of oxidative
stress and inflammatory indicators, hepatic lipid buildup
and plasma ALT activity and TG levels (Tang et al., 2017).
DAPA markedly reduced ALT and AST serum levels and
protected liver from pathologic damages in diabetic mice
(Leng et al., 2019). A clinical trial utilizing DAPA in T2DM
patients revealed reduced values of liver damage
biomarkers, as ALT, AST and GGT; combining carboxylic
acids (OM-3CA) resulted in a significant decline in hepatic
fat content (Eriksson et al., 2018). DAPA led to ALT-lowering
effect by decrease liver fat deposition by making
hyperglucagonemia and ameliorate IR caused by
decreased ectopic steato­sis (Ito et al., 2017).

Dyslipidemia is considered a major cardiovascular
disorders risk factor and death. In this study, significant
increase in serum TC, TG and LDL-C values accompanied
by decline in serum HDL-C value were demonstrated in
T2DM rats versus control group as others (Abdulwahab
et al., 2021; Zhu et al., 2021). In this study, treatment of
diabetic rats with SAHA led to a significant decreased in
serum TG, TC and LDL-C values compared to T2DM rats
but were elevated versus control group. SAHA intake did
not improve levels of HDL-C. SAHA exhibits significant anti-
inflammatory effects by reducing pro-inflammatory
cytokines production as interleukin (IL)-1β, IL-6, tumor
necrosis factor (TNF)-α and interferon gamma. These cytokines
are known to influence metabolic processes, including
lipid metabolism (Leoni et al., 2002). HDACs inhibition by
SAHA affects various signaling pathways and gene
expressions related to lipid biosynthesis and metabolism
as lipoxygenases. The induction of 15-lipoxygenase-1 by
SAHA, correlates with significant changes in lipid
metabolism (Wu et al., 2015). In this study, treatment of
diabetic rats with DAPA led to a significant decreased in
serum TG, TC and LDL-C values versus T2DM rats but
were still significantly elevated than control group. Decline
in TG and TC levels were more effective that SAHA
administration. Meanwhile, DAPA administration did not
improve HDL-C levels. Hazem et al. (2022) reported lower
liver weights and decreased serum values of TG and TC in
rats received DAPA (Hazem et al., 2022). Ahmed et al. (2023)
reported that TC and TG were decreased in three groups
that received three different DAPA doses (0.75, 1.5 and
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3 mg/kg, p.o.) for 6 weeks more than negative and diabetic
control groups. This reduction in TC and TG may be
attributed to the total reduction in body weight or may be
explained by shift of metabolic substrate from glucose to
fatty acids.

The development of T2DM and its consequences, as
well as IR, are significantly affected by oxidative stress.
Reactive oxygen species (ROS) produced by dyslipidemia
and hyperglycemia may damage live cells and certain cell
membrane receptors, which may lead to damage to organs
including liver. The results of this research showed
elevation of MDA and decrease in SOD and GSH in diabetic
rats versus negative control group. Researches revealed
that tissue homogenate GSH concentrations in STZ-
induced diabetic rats significantly decline versus negative
control rats (Tanbek et al., 2022; Rao et al., 2023). Decline
GSH and SOD values in diabetic rats caused by its
increased consumption that is required to relieve oxidative
stress. Zhu et al. (2021) revealed that oxidative stress and
inflammation significantly elevated in hepatic homogenates
of T2DM rats. Hazem et al. (2022) revealed that diabetic
group had much lower values of GSH, SOD and catalase
and significantly greater amounts of MDA. In this study,
diabetic rats that received SAHA showed significant
decrease in MDA but elevation of SOD and GSH hepatic
homogenate levels versus T2DM rats. Bakhdar et al. (2023)
reported that SAHA administration to Wistar rats (15 mg/kg/
day i.p.) for 28 days led to pancreatic protection via
anti-inflammatory and antioxidant actions. SAHA reduce
hepatic cellular injury and ROS production in lipopolysaccharide
(LPS)-induced liver damage. It enhanced the antioxidant
enzyme GSH and inhibited apoptotic signaling pathways,
suggesting its potential in alleviating inflammatory liver
conditions (Zhao et al., 2015). In this study, diabetic rats
that received DAPA showed significant decrease in MDA
but elevation of SOD and GSH hepatic homogenate levels
versus T2DM rats. The effect of T2DM+SAHA in elevation of
SOD hepatic homogenate level was better than T2DM+
DA PA. Hazem  e t al. (2022) provides evidence for
hepatoprotective effects of DAPA, as seen by the dose-
dependent increases in antioxidant enzymes SOD,
catalase activity and GSH and decline in MDA levels.
In Kashiwagi study, SOD activity was significantly improved
after 8 weeks of diabetic group treatment with insulin and
dapagliflozin (Kashiwagi, 2001). The results of this
research suggest that dapagliflozin significantly improved
antioxidant status in diabetic rats. The treatment’s
antihyperglycemic impact, which lessens the load of
oxidative stress, might be the cause of this improvement.

In this study, diabetic rats showed severe liver damage.
The most alterations in diabetic control rat liver were
disorderly hepatocyte, inflammatory, degenerative, necrotic,
nucleus karyolysis and hyperplastic changes. These findings
are in accord with Ahmed et al. (2023) who found that in
diabetic, liver severe infiltrative fatty changes in form of
more well-defined fat droplets occupying cytoplasm of
hepatocytes, pushing nucleus to periphery. Also, multiple

inflammatory cells appear with loss of normal architecture
of hepatocytes. Al-Ani et al. (2009) observed that in STZ-
diabetic mice showed sever congestion, necrotic foci,
hydropic changes, fatty changes in hepatocytes and
aggregation of lymphocytes between hepatocytes.
Furthermore, additional research documented damage to
liver cells, sinusoidal dilatation in central venous region,
elevated cell apoptosis and lipid droplets in liver cells of
diabetic mice (Rodriguez et al., 2018). By activating NF-B
that stimulates pro-apoptotic genes activity in liver cells
and increases ROS creation, hyperglycemia circumstances
aggravate liver damage by inducing oxidative stress and
inflammatory conditions (Bae et al., 2023).

The results of this study showed T2DM+SAHA had
improvement in liver histological structure. Amelioration of
hepatocytes and alleviate inflammation, leucocytic cell
infiltration, necrotizing hepatocytes produced by STZ. Chen
et al. (2015) assessed the protective effects of SAHA
against LPS-induced hepatic damage through histological
analysis. Their findings indicated that LPS exposure
markedly heightened the inflammatory response in the
murine liver, evidenced by increased inflammatory cell
infiltration and hepatocyte necrosis and apoptosis. In contrast
to the LPS-only group, liver architecture was maintained in
mice treated with SAHA post-LPS injection. SAHA inhibited
ROS production and mitigated the decline of the antioxidant
enzyme glutathione due to STZ, while also reducing hepatic
apoptosis linked to STZ. Additionally, SAHA blocked the
activation of key kinases involved in the inflammatory and
apoptotic processes (Chen et al., 2015). This study
demonstrate that SAHA mitigate hepatotoxicity caused by
STZ and imply that a novel therapeutic approach for treating
STZ-induced inflammatory conditions could involve
blocking upstream processes necessary for function of
apoptotic signal-regulating kinase-1. Bocchi et al. (2019)
found that SAHA therapy can reduce oxidative damage in
cardiomyocytes, potentially reversing initial functional
impairments. Diabetic cardiomyocytes displayed a
decrease in metabolic activity, including NAD(P)H
dehydrogenase and ROS levels, suggesting a link between
ROS generation and cellular metabolism. SAHA appears
to restore redox signaling in diabetic cells, crucial for
maintaining cardiomyocyte homeostasis and the heart’s
response to stress.

The present research showed that diabetic rat received
DAPA showed in some specimens, moderate improvement
in liver histological structure. On the other hand, some
specimens still showed moderate fatty infiltrative changes
with droplets of fats occupying hepatocytes cytoplasm and
loss of normal architecture of liver tissue accompanying
mononuclear cell infiltrations. Our data agree with the
results of Ahmed et al. (2023) who noticed that diabetics
on DAPA (0.75 mg/kg), section of rat liver tissue showed
mild to moderate fatty infiltrative changes where smaller
well-defined fat droplets occupying hepatic cytoplasm with
loss of liver tissue normal architecture. Diabetic rats on
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DAPA 1.5 and 3 mg/kg groups: section of rat hepatic
tissue revealed improvement of fatty infiltrative alteration
with normal hepatocytes around central vein and normal
liver tissue architecture. Hazem et al. (2022) observed
that DAPA represent a viable approach to protect liver
versus diabetes-induced steatohepatitis via suppressing
oxidative stress, fibrosis progression and inflammation
thus conserving hepatic functions and structure.

CONCLUSION
This research confirms that SGLT2 inhibition via DAPA and
HDAC inhibition by SAHA decrease blood glucose level
and protective in slowing liver damage progression in
T2DM rats by improve IR and lipid profile and reduced
tissue oxidative stress. DAPA effect was better than SAHA
in decreasing fasting blood glucose level and improving
lipid profile; while SAHA was better than DAPA in improving
insulin secretion and IR and increased antioxidant and
improvement of hepatic tissue damage. These findings
suggest that selective SGLT2i and HDACi could be utilized
in combination with other oral anti-diabetes drugs and
insulin to further improve glycemic control and reverse
organ damage in T2DM.
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