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Abstract

Gentamicin causes an impairment of vascular function due to endothelial cell damage. Renal injury by gentamicin may contribute to
the development of vascular dysfunction due to decreased NO bioavailability as well as increased oxidative stress and inflammation.
In this study we investigate the role of DHM on vascular dysfunction induced by gentamicin. Male Wistar rats were divided into 3
groups (n= 6, each); control group; received the vehicle, gentamicin group; given gentamicin (100 mg/kg/day i.p) for 8 days and
gentamicin + dihydromyricetin group; rats were treated with dihydromyricetin (200 mg/kg, p.o) concurrently with gentamicin. DHM
reversed the GTN-induced histopathological changes of aortic rings. In addition, administration of DHM to GTN treated rats
improved the vascular functions evident as enhanced vasorelaxation and vasoconstriction responses to acetylcholine and
phenylephrine, respectively. Further, DHM increased the vascular levels of GSH and total antioxidant activity.
Immunohistochemical analysis of aortic sections revealed that DHM treatment downregulated NF-kB, TNF-o and caspase-3
expression. Our data provide a new evidence for the protective effects of DHM against gentamicin-induced vascular dysfunction via
provoking antioxidant, anti-inflammatory and antiapoptotic effects.
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1.Introduction

Aminoglycosides, especially gentamicin (GTN), are
widely used antibiotics against gram-negative bacterial
infections because of their efficacy and low cost. Unfortunately,
the clinical use of gentamicin is limited due to its nephrotoxic
side effect [1]. Oxidative stress and inflammation have been
considered the main causes of gentamicin induced renal damage
[2, 3]. However, there is a growing interest in the role of
vascular dysfunction in the pathogenesis of GTN-induced
nephrotoxicity since decreased renal blood flow (RBF) results
in decreased glomerular filtration rate and impairs renal
function. Further, deprivation of renal tubules from oxygenated
blood initiates their damage and death [4, 5]. Gentamicin
increases the release of vasoconstrictors as endothelin-1 and
thromboxane A2 while decreases the release of the vasodilator
prostaglandins. Further, gentamicin induces a vascular oxidative
stress that damages the endothelial cells leading to impaired
vascular reactivity and consequently decreased renal perfusion
and induced renal damage [6-8]. On the other side, research
correlated renal failure to the development of endothelial
dysfunction since many vascular related disorders as
hypertension and cardiac diseases may develop with renal
dysfunction [9, 10]. Likewise, renal injury induced by
gentamicin could attenuate the vascular endothelium function.
Evidence showed that gentamicin reduces renal levels of
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arginine, the rate limiting substance for nitric oxide synthase,
leading to decreased nitric oxide (NO) [11]. The latter is derived
from the endothelium and is essential for vasodilation,
inhibition of platelet aggregation and inhibition of vascular
smooth muscle proliferation. Decreased NO bioavailability
disturbs the vascular homeostasis and initiates endothelial
dysfunction [12]. Whether vascular dysfunction either arises
from GTN-induced nephrotoxicity or magnifies the renal
damage by GTN, it is essential to find a therapeutic agent that
could counteract the GTN-induced vascular changes.
Dihydromyricetin (DHM) is a plant flavonoid derived from a
traditional Chinese medicinal plant Ampelopsis grossedentata
(A. grossedentata) [13]. DHM like other flavonoids possesses
antioxidant, anti-thrombotic, anti-tumor and anti-inflammatory
effects [14]. Interestingly, DHM could protect against diabetic as
well as hydrogen peroxide induced endothelial injury. Further,
DHM inhibited the development of atherosclerosis and increased
endothelial NO production. DHM has cardioprotective effects on
myocardial ischemia reperfusion (I/R) model [15], myocardial
remodeling, arrhythmia and pulmonary artery hypertension [16].
DHM also attenuates insulin resistance and improves diabetic
cardiomyopathy [16,17].
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The present study explored the pathophysiological pathways
mediating the gentamicin-induced vascular dysfunction and
investigated whether treatment with DHM concurrently with
GTN could protect vascular endothelium from injury.

2. Materials and Method
2.1 Animals

Eighteen male Wistar rats weighing (200-220 g) were
purchased from the animal care unit of EI-Nahda University
(Beni-Suef, Egypt). Animals were kept under standard
conditions (12 h light/ 12 h dark cycle) and a temperature of 22
+ 2 °C for 7 days before the experiment. Animals were kept with
free access to food and water throughout the experiment. This
study was approved by the “Commission on the Ethics the of
Scientific Research”, Faculty of Pharmacy, Minia University,
Code Number: ES33/2021

2.2. Chemicals

Gentamicin sulphate was purchased from (Schering—Plough,
Cairo, Egypt). DHM was purchased from (BulkDHM, London,
UK). Commercial kits including; reduced glutathione (GSH)
and total antioxidant were obtained from (Biodiagnostic, Cairo,

Egypt).

2.3. Experimental design

Animals were randomly divided into three groups as follow:
Control group: rats were injected 0.5 ml normal saline, i.p. and
given carboxymethyl cellulose, p.o., 0.5 % w/v (vehicle of
DHM). GTN group: rats were injected gentamicin (100
mg/kg/day, i.p) [2, 18] and given 0.5 % w/v carboxymethyl
cellulose p.o. GTN+DHM: animals were injected by
gentamicin (100 mg/kg/day, i.p.) and received DHM (200
mg/kg/day, p.o.) [19]. All drugs are freshly prepared and given
daily for eight days.

2.4. Tissue sampling

At the end of study, 24 hours after last dose administration,
animals were anesthetized with urethane (1 g/kg, i.p.) then
animals were sacrificed by decapitation. Aorta was rapidly
dissected from each rat and cut into pieces, one was used for
studying endothelial function, another was flash frozen in liquid
nitrogen for further biochemical analysis and finally a piece was
prepared for histopathological and immunohistochemistry
examination. Aortic tissue used for bioassay was carefully and
rapidly transferred to ice-cold Krebs-Henseleit buffer solution,
previously aerated with Carbogen gas (95% O; and 5% COy).
Blood was centrifuged at 3500 rpm for 10 min then serum
samples were collected and stored for determination of
creatinine and urea levels. Supernatants were collected after
centrifugation of aortic homogenates were used for assessment
of oxidative stress.

2.5. Examination of histopathological changes in aortic tissues

The aortic tissues were fixed in 10% neutral formalin and
dehydrated in ascending grades of ethanol then cleared in xylol.
Paraffin blocks were prepared and serial sections of 6 um were
prepared and stained with H&E [20]. The slides were examined

and photographed using Olympus microscope in the Histology
Department Minia University.

2.6. Assessment of vascular function of isolated aortic tissues

The thoracic aorta was dissected and cut into rings about 3mm
length after removal of loose connective tissue. The vascular
segments were then mounted between two stainless steel
triangular hooks and transferred to organ baths (Panlab, Spain)
of 10 ml capacity containing Krebs-Henseleit solution with the
following composition(in mmol/l): NaCl 119, KCI 4.7, CaCl;
2.5, MgCl; 1.0, NaHCOs3 25.0, KH2PO4 1.2, glucose 11.1, pH
7.45) at 37°C. One end of the mounting assembly was
connected to isometric force displacement transducers (Panlab
MLTO0202, Spain), connected to AD Instruments Powerlab4/35
for data acquisition. Tension was gradually adjusted to reach 2.0
g, and applied for 60 minutes, after which aortic rings were
stimulated by 80 mmol/l KCI to test for viability. To test
endothelial contractility, the aortic rings challenged with
phenylephrine (PE: 1 umol/l). Acetylcholine (Ach: 10-8 ~ 10 -4
M) was added in an increasing cumulative manner to record the
endothelial-dependent  relaxation. Percent relaxation was
calculated as a change in tension after addition of relaxing agent
acetylcholine divided by the maximal tension reached by the
maximal tension reached by PE and multiplied by 100. The
procedures were repeated using sodium nitroprusside (1 nM- 3
nM) in cumulative manner to test the endothelial independent
relaxation.

2.7. Determination of oxidative stress and antioxidant
capacity

Oxidative stress was determined in aortic homogenates by
measuring nitric oxide (NO) levels by a colorimetric Griess
assay method which is based on determination of total nitrate
levels after reduction of nitrite to nitrate [21]. Glutathione and
total antioxidants were evaluated in aortic homogenates using
commercial kits based on manufacturers’ instructions.

2.8. Immunohistochemical analysis of aortic NF-kB, TNF-
alpha, caspase-3 levels

In order to determine the aortic levels of NF-kB, TNF-alpha,
caspase-3, we used streptavidin—biotin immunoperoxidase
method. The aortic sections were first deparaffinized with
xylene and hydrated by decreasing concentrations of ethanol.
After incubation for 20 min in a solution of 3% H,0, in water to
inhibit endogenous peroxidase activity, they were washed (3x10
min) in PBS (0.01 mol/l, pH 7.4). Nonspecific binding sites for
immunoglobulins were blocked by 15-min-incubation with
0.25% casein in PBS. The sections were then washed in PBS
and incubated with the polyclonal primary antibodies including;
Anti-NF-kB (1:250); (Catalogue number# ab32360, Rabbit
monoclonal, Abcam, USA), Anti- TNF-a antibody (1:10);
(Catalogue number# ab215188, Rabbit monoclonal, Abcam,
USA) and Anti-caspase-3 (1:10); (Catalogue Number# AB3623,
rabbit polyclonal antibodies, Merck KGaA, Darmstadt,
Germany). The slides were subsequently washed (3x10 min) in
PBS. The immunohistochemical visualization was carried out
using the Ready-to-Use Immunostaining Kit (QDO000-5L;
BioGenex, San Ramon, California, USA) at 20°C. The sections
were incubated for 30 min with biotinylated anti-1gG and finally
washed in PBS. The reaction site was revealed with 100 pl
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diaminobenzidine tetrahydrochloride chromogen solutions in
2.5 ml PBS and 50 ul H202 substrate solution, resulting in a
brown precipitate. The sections were counterstained with
hematoxylin [22]. Morphometric estimation using Leica QWin
500 image analysis software (Leica Microsystems, Wetzlar,
Germany) was used [23] using power X 400. The mentioned
parameters were detected in 10 non overlapping sections from
each slide from each rat from each group. Semiquantitative
scoring of aortic lesions was calculated according to Gibson-
Corley et al. [24]. Briefly, lesions in 10 fields were chosen
randomly from each slide for each rat and averaged. The lesions
were scored in a blinded way (score scale: 0 = normal; 1 < 25%;
2 = 26-50%; 3 = 51-75%; and 4 = 76-100%).

3. Results
3.1. Histopathological Examination

Control group showed normal tunica intima, tunica media, and
tunica adventitia (Fig.1A). Gentamicin administration displayed
thin tunica intima, tunica media, and tunica adventitia. Also, the
separated fibers of tunica media were observed (Fig.1B).

GTN + DHM group showed apparent normal tunica intima,
tunicamedia, and tunica adventitia. Less separated fibers of
tunica media were seen (Fig.1C).

3.2. DHM ameliorated the GTN-induced changes in vascular
functions

To determine the changes in vascular response toward
contraction, isolated aortic rings of all groups were exposed to
phenylephrine in different concentrations. Comparing to control
rats, which showed a concentration dependent contraction in
response to phenylephrine, the GTN treated rats significantly
(p< 0.05) attenuated the aortic vasoconstriction with increasing
the phenylephrine concentration (Fig. 2A).

However, DHM treatment significantly (p< 0.05) abrogated the
GTN induced changes in aortic vasoconstriction (Fig. 2A). On
the other hand, GTN caused a significant (p< 0.05) decrease in
aortic vasorelaxation in response to the endothelium dependent
vasorelaxant, acetylcholine (Fig. 2B). In contrast, DHM
significantly (p< 0.05) ameliorated the GTN —induced decreased
vasorelaxant response to acetyl choline (Fig. 2B). On the other
side, sodium nitroprusside (an endothelium-independent
vasodilator) caused a concentration-dependent relaxation with
the maximal relaxation was not changed among the three
groups; control, GTN and GTN+ DHM as shown in (Fig. 2C).
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Figure 1. Photomicrographs of rat aorta, control group (a): showing normal tunica intima (black arrow), tunica media (green arrow), and
tunica adventitia (red arrow). GTN (b): showing thin tunica intima (black arrow), tunica media (green arrow), and tunica adventitia (red
arrow). Notice the separated fibers of tunica media (blue arrow). GTN+DHM (c): showing apparent normal tunica intima (black arrow),
tunica media (green arrow), and tunica adventitia (red arrow). Notice the less separated fibers of tunica media (blue arrow). (d): Bar chart
showing H&E semiquantitative scoring of degenerated areas of aortic tissue. Data are expressed as mean + S.E. ** and *** are significant
differences between the selected study groups at p values < 0.01 and 0.001, respectively
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Figure. 2. Effect of DHM on GTN-induced changes in vascular reactivity. (A) shows the cumulative concentration-response curves of
phenylephrine (PE)-induced contraction (B) shows the cumulative concentration-response curves of acetylcholine (ACh)-induced
relaxation and (C) shows the cumulative concentration-response curves of sodium nitroprusside-induced relaxation. * Significant compared
to control group at p < 0.05, # Significant compared to GM group at p < 0.05. Data represent the mean + SEM of at least 6 independent
experiments. Two-way ANOVA followed by Bonferroni test was used for statistical analysis

3.3. Effect of Dihydromyricetin on GTN-induced increase of

vascular oxidative stress

Total nitrite level was used as an indicator of nitric oxide
bioavailability. Nitrite level was significantly (p < 0.05)
increased in rats treated with gentamicin compared to control
group (Fig. 3 A). In contrast, administration of DHM
concurrently with GTN resulted in a significant (p < 0.05)
decrease in aortic NO when compared to GTN treated group
(Fig 3A). Furthermore, the levels of glutathione and total
antioxidants in the aortic homogenates were significantly (p <
0.05) declined upon GTN administration (Fig. 3 B and 3C).
Conversely, DHM treatment restored the levels of glutathione
and total antioxidants with non-significant difference with
control aortic rats (Fig 3B and 3C).

3.4. DHM downregulated the GTN-induced elevation of

inflammatory and apoptotic mediators in aortic tissues

Immunohistochemical analysis of aortic sections demonstrated a
significant (P < 0.05) upregulation of caspase-3, a master
regulator of apoptosis, in GTN treated rats (Fig. 4 A-D).
Further, upon GTN administration, we reported a significant (P
< 0.05) increase in aortic levels of NF-xB (Fig. 4 E-H) and the
proinflammatory cytokine, TNF-a (Fig. 4 1-L). Concurrent use
of DHM with GTN significantly attenuated the GTN induced
rise in caspase-3, NF-kB and TNF-a levels in aortic tissues (Fig.
4)
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Figure 3. Effect of DHM on oxidative stress. A: bar chart showing total nitrate/nitrite concentration in aortic homogenates of Control, GTN
and GTN+DHM groups B: bar chart showing Glutathione concentration in aortic homogenates of Control, GTN and GTN+DHM groups C:
bar chart showing total antioxidants concentration in aortic homogenates of Control, GTN and GTN+DHM groups. Data are expressed as
mean £ S.E. *, ** and *** are significant differences between the selected study groups at p values < 0.05, 0.01 and 0.001, respectively.
Data were analyzed by one-way ANOVA followed by Tukey's multiple comparisons test.

J. Adv. Biomed. & Pharm. Sci.



Anter et al. 111

A B
-3
oAy
N
3 \‘ -
‘\‘{ N
TR
. \
.'.n'. ..-\.-.:--\"",
|3
FANL, afl
soum SRS & 3
e T LR
E F
,ELJ ’iii;'k B
Wk ,1&
. | 4 %'s ?;§\
DR YN 1
l. '.. v.‘v”(,
% :
£ i ‘}. ®
3 5 " 5
' 1 .
< | '8 W
' -
3 ‘x: e 3
um s 50um 3 5
—_—— 1 .—-i—#‘ < \
| J

s,
v,
",
.,

. N .
$50um 50um \\' ~
P— AN

o

*kk

*kk * k%

|

©
o
1

in aortic tissue
~N
o
'l

The mean area fraction (%) of
anti-caspase immunostained cells

1w o
10+
3 1 ]
Control GTN GTN+DHM
*k¥
w l ey Fokk
"=
5% 25+
o 25
Y gE o 20
e £33
ol 382 154
&£
i
E.E 5 10 i o
c e
§3° o
EY
X pet ol MR-
EE 0 T T
a Control GTN  GTN+DHM
*%
5 ok *okk
" 53 17—
Gails RO
3 £2
i St
z g8
i - 08
H =50
H w 5L
s VET
= [*]
v SEa 54
§ w E ——
~  §0um : EE’
by 2E o
k= Control GTN  GTN+DHM

Figure 4. Effect of DHM treatments on vascular immunoreactivity to caspase-3), NF-kB and TNF-a. A, B, C: Representative
photomicrographs show immunohistochemical staining of Caspase-3 in aortic tissue D: Quantitative analysis of caspase-3 expression in rat
kidneys. E, F, G: Representative photomicrographs show immunohistochemical staining of NF-xB in aorta, H: Quantitative analysis of NF-
kB expression in aorta. |, J, K: Representative photomicrographs show immunohistochemical staining of TNF-a in aorta, L: Quantitative
analysis of TNF-a expression in aorta. GTN; gentamicin, DHM; dihydromyricetin. Data are expressed as mean + S.E. *, ** and *** are
significant differences between the selected study groups at p values < 0.05, 0.01 and 0.001, respectively. Data were analyzed by one-way

ANOVA followed by Tukey's multiple comparisons test.

4. Discussion

The endothelium plays the main role in regulation of vascular
tone. The endothelium is responsible of synthesizing and
releasing different endothelium relaxing factors, such as nitric
oxide, vasodilator prostaglandins, and endothelium-dependent
hyperpolarization factors, as well as endothelium contracting
factors. Endothelial dysfunction is mainly caused by reduced
production or diminishes the action of relaxing mediators .[25]
The present study provided evidence that GTN induces vascular
toxicity through increasing oxidative stress, inflammatory and
apoptotic mediators. However, treatment with DHM, the
antioxidant flavonoid, counteracted all these pathways and
protected against the GTN-induced vascular damage. Here,
administration of GTN (100 mg/kg/day) for 8 days displayed a
marked damage of aortic tissues as was shown by the

histopathological examination. All layers of the aorta including;
tunica intima, tunica media and tunica adventitia appeared thin
than the normal. In parallel with this finding, GTN impaired the
vascular reactivity; the isolated aortic rings of GTN treated rats
showed a reduced ability to relax in response to the endothelium
dependent vasodilator, acetylcholine and to contract in response
to phenylephrine. However, their relaxation was not affected
upon the addition of sodium nitroprusside, an external non
endothelium dependent vasorelaxant. Our data are in accord
with the previous studies and indicates that GTN causes an
impairment of endothelium dependent vasorelaxation [11, 26]. A
possible explanation of GTN-induced vascular dysfunction is
impaired NO bioavailability in consequence to increased ROS
production. GTN diminished the total antioxidant activity and
attenuated the antioxidant, GSH, enzyme levels in aortic tissues
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while, NO levels were markedly elevated. It is likely that GTN-
induced ROS overproduction stimulates the expression of
inducible nitric oxide synthase (iNOS) leading to high NO levels
[27]. Our finding, in line with other studies, suggests the role of
oxidative stress and NO in gentamicin mediated cytotoxicity [2,
28, 29]. Literature confirmed that, under physiological
conditions, NO is predominantly released by endothelial nitric
oxide synthase enzyme (eNOS) causing vasorelaxation and
maintaining of the endothelial function. However, in response to
oxidative stress and inflammation, iNOS-produces excess NO
which interacts with superoxide anion radicals forming a potent
oxidizing agent, peroxynitrite [30]. The latter causes damage to
vascular proteins and DNA as well as eNOS uncoupling. Also,
iNOS decreases the effect of eNOS by competing for BH4 and
decreasing its availability [31,32].

On the other hand, DHM improved the histopathological
changes of aortic tissues and mitigated the changes in vascular
reactivity caused by GTN. DHM restored the ability of aortic
rings to contract in response to phenylephrine. Further, DHM
enhanced aortic vasorelaxation upon increasing acetyl choline
concentration. However, it did not cause any change for the
vascular response to nitroprusside. This finding indicates an
enhancement of endothelial functions by DHM treatment.
Several data has proved the protective effects of DHM against
vascular function impairment; DHM ameliorated the diabetic
induced vascular dysfunction as well as inhibited the
development of atherosclerosis via attenuation of endothelial
cell activation and damage. These beneficial vascular effects of
DHM were found to be mediated via attenuation of ROS release
[33-36]. Also, DHM was found to attenuate vascular iNOS/NO
expression while enhances eNOS production leading to
improved vascular activity [37, 38]. In the present study, the
DHM mediated improved vascular reactivity is linked to
elevated GSH and total antioxidant levels as well as rendering
the elevated NO levels .

Besides to enhanced antioxidant effects, DHM decreased
vascular levels of NF-«kB, the transcription factor that positively
regulate inflammatory cytokine release, and consequently
reduced levels of the inflammatory mediator, TNF-o. Research
proved that TNF-a induces vascular dysfunction via multiple
pathways including; increasing ROS production, decreasing
NO availability, vascular inflammation and vascular
remodeling [39]. Thus, in agreement with others, we suggested
that DHM-provoked anti-inflammatory effects play a central
role in preserving the wvascular functions [35, 38, 40].
Interestingly, DHM is considered a major natural NF-xB
inhibitor. It downregulates NF-xB expression through
inhibition of IKK phosphorylation, the rate limiting step in NF-
kB phosphorylation and activation. Moreover, DHM blocks the
degradation of (IkBa) which is an inhibitor of NF- «B
activation [41, 42]. It is important to mention that, the
upregulation of NF-kB and TNF-a expression in aortic tissues
strongly matches the previously reported increase in their renal
levels upon GTN administration. This indicates the role of
inflammatory mediators in mediating GTN toxicity [2,43].

GTN-induced increase in oxidative stress, NF-kB and TNF- a
triggered activation of caspase-3 in aortic tissues. Caspase-3 is
a predominant mediator of apoptotic cell death through
activation of DNA fragmentation and cellular protein
degradation leading to damaged endothelial cells [44].
Alternatively, treatment with DHM inhibited vascular apoptosis
and counteracted the GTN-mediated increase in caspase-3

levels. Similar to our findings, DHM protected the endothelial
cells against H202-induced injury via suppression of the
release of apoptotic mediators including caspase-3[38].
Researchers found that DHM exerted protective effects against
cellular apoptotic death in endothelial cells as well as other
organs by attenuation of ROS/ NF-kB signaling crosstalk [36,
45-47].

5. Conclusion

Our study suggests that DHM reversed the deleterious effects of
GTN on vascular functions via inhibition of oxidative stress,
inflammatory and apoptotic pathways. We suggested that DHM
is potentially considered a protective natural product against
GTN-induced impairment of vascular function.
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