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Abstract

Obijective: This investigation was designed to analyze the phytochemicals of the ethanolic extracts of grape and
guava seeds and to assess their possible ameliorating effects on gentamicin (GM)-induced nephropathy in rats.
Material and methods: Sixty-four male Sprague Dawley rats were randomly allocated into eight groups and
treated for ten consecutive days as follows: Group 1 (control group) was injected intraperitoneally with saline
solution; Groups 2, 3, and 4 received a daily oral dosage of grape seed extract (GrSE, 40 mg/kg b.wt /day, p.o),
guava seed extracts (GUSE, 300 mg/ b.wt /day, p.o) or a combination of both, respectively. Group 5 was intoxicated
with GM (100 mg/kg/ b.wt /day, i.p). Groups 6, 7, and 8 received an oral dose of GrSE and/or GUSE, along with
an intraperitoneal injection of GM. Results: Chemical analysis by high-performance liquid chromatography with
diode-array detection (HPLC-DAD) showed that the ethanolic extracts of GrSE and GuSE are rich in phenolic
compounds such as gallic acid, chlorogenic acid, 3-hydroxycinnamic acid, ferulic acid, caffeic acid, ellagic acid,
daidzein, apigenin, syringic acid, naringenin, p- coumaric acid, quercetin, rutin, and vanillic acid. GrSE or GUSE
oral administration did not cause any considerable biochemical or histological alterations in the normal rats. Rats
treated with GM showed significant elevation in serum concentration of urea and creatinine and a significant
reduction in serum levels of total proteins, sodium, and potassium. In contrast, serum alkaline phosphatase activity
was significantly elevated. Additionally, GM injection resulted in a significant rise in the serum levels of
triacylglycerol (TG), total cholesterol (TC), and low-density lipoprotein cholesterol (LDL), and a significant
decrement in serum high-density lipoprotein cholesterol (HDL). Furthermore, GM-injected rats displayed a
substantial decline in the activity of erythrocyte copper, zinc superoxide dismutase (Cu, Zn-SOD), and blood and
renal levels of reduced glutathione (GSH) along with elevation in the renal level of malondialdehyde (MDA). Up-
regulation of kidney injury molecule-1 (KIM-1) and nuclear factor kappa B p65 subunit (NF-xB p65) gene
expression was also observed in GM-injected rats compared with control. Simultaneous administration of GrSE
and/or GUSE with gentamicin attenuated the nephrotoxic effects of GM as indicated by improvement in renal
function parameters, normalization of serum electrolytes, restoration of serum lipid profile, reduction in renal lipid
peroxidation, enhancement of the antioxidant status and down-regulation of KIM-1 and NF-xB p65 gene
expression. The results of the histopathological evaluation confirmed these biochemical findings. Conclusion:
Treatment with grape and guava seed extracts ameliorated gentamicin-induced nephrotoxicity via hypolipidemic,
antioxidant, and anti-inflammatory effects.
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1. Introduction spectrum actions against gram-negative and gram-

Gentamicin  (GM), an aminoglycoside positive bacteria, chemical stability, and rapid
antibiotic, is employed to treat infections that seriously bactericidal effects [1]. Nonetheless, there are
threaten health. It is extensively used due to its broad- numerous nephrotoxic adverse effects of GM. This
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occurs at minimal therapeutic doses and contributes to
10%-15% of all episodes of acute renal failure [1, 2].
GM-induced nephropathy is attributed to its buildup in
the proximal convoluted tubules [4]. The cationic
aminoglycosides interact with anionic phospholipids
of the proximal tubular cells to cause phospholipidosis
and trigger necrosis [5, 6]. The experimental data point
to oxidative stress as a pivotal factor in GM-induced
nephrotoxicity. GM intensifies the generation of
reactive oxygen species (ROS) that cause cytotoxic
consequences and promote lipid peroxidation, protein
oxidation, and apoptosis [7, 8]. Furthermore, the
amplified ROS generation brought on by GM plays a
crucial role in the onset of inflammation through NF-
kB activation [9, 10, 11], which activates the target
genes implicated in the inflammatory process, such as
adhesion molecules, cytokines (TNF-a and IL-6), and
inducible nitric oxide synthase (iNOS) [12].

Fruit by-products, like seeds, are good
sources of bioactive compounds. The pharmaceutical
and food industries could benefit from using these
abundant, affordable renewable resources by
introducing new pharmacological and/or nutritional
products, lowering costs and industrial waste, and
eventually positively affecting the economy and the
environment [13, 14]. Seeds, as the by-product of the
fruit processing industry, have been found to contain
phenolic compounds [15]. Phenolic compounds
exhibit numerous physiological characteristics, such
as antioxidant, anti-allergenic, anti-atherogenic, anti-
inflammatory, antimicrobial, anti-thrombotic,
cardioprotective, and vasodilatory effects [16, 17, 18].

Grapes (Vitis vinifera L.) are the fruit crops
grown the most widely in the world. Grape seeds
comprise 38%-52% of the dry mass [19], a sizeable
portion of the industrial by-product. Grape seeds
constitute a low-cost source of antioxidant compounds
[20, 21]. Tang et al. [22] found that grape seeds have
up to ten times more total flavonoid concentration than
grape peel, highlighting the significance of this grape-
derived by-product. Proanthocyanidins (PACs) from
grape seeds, in particular, are more effective free
radical scavengers than vitamins C, E, and B-carotene.
[23, 24].

Guava (Psidium guaijava L.) is one of the
most common tropical and semitropical fruits. This
fruit's excellent nutritional value and significant
therapeutic capabilities make it desirable [25]. Some
studies found that guava has anti-inflammatory,
analgesic, antipyretic, and antibacterial effects [26].
The main processed products of guava fruit products
are beverages, juices, and canned slices. The seeds are
the waste product of these industries. Guava seeds are
6-12 % of the fruit weight. The seeds have been
reported to contain 14% oil, 15% protein, and 13%
starch [27]. Additionally, phenolic chemicals with
antioxidant properties are abundant in guava seeds
[25-27]. Michael et al. [28] identified ten phenolic and
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flavonoid compounds in guava seeds. Guava seeds had
higher concentrations of [R-carotene, lycopene,
anthocyanins, and yellow flavonoids than the fruit
pulps. Furthermore, it is considered a rich natural
source of resveratrol and coumarin [28]. The presence
of these bioactive phenolic compounds suggests that
guava seeds could be an interesting source of
antioxidant and anti-inflammatory substances.

Thus, this investigation aimed to determine
whether grape seed and/or guava seed ethanolic
extracts had nephro-protective effects on gentamicin-
induced nephrotoxicity in rats.

2. Material and methods
2.1. Materials
2.1.1. Chemicals

Gentamicin sulfate pure powder was
obtained from CID- Chemical Industries Development
Company, Giza, Egypt. It was dissolved freshly in
saline before each treatment. The following materials
were bought from Sigma-Aldrich Co. (USA):
carboxymethyl cellulose, diethyl ether, hematoxylin,
eosin, xylene, streptavidin-biotin, and
diaminobenzidine.  Methanol  (95%), ethanol,
petroleum ether (60-80°C), and hydrogen peroxide
were provided by EI-Nasr Pharmaceutical Co. in

Egypt.

2.1.2. Animals

Sixty-four male adult albino Sprague-
Dawley rats were purchased from the Medical
Research Center, Al-Demerdash Hospital, Cairo,
Egypt. Their body weight was 200-250 grams. The
animals were kept in metallic cages in a healthy
environment. Water and basal diet [29] were provided
ad-libitum during the trial (ten days) and the week-
long adaptation phase.

2.2. Methods
2.2.1. Grape and guava seeds extract

Grape and guava seeds were separated from
the pulp and peel, and the collected seeds were crushed
into powder after being shade dried. For every 50 g of
the powder, 500 ml of 70% ethanol was added, and the
mixture was then rotary-mixed at ambient temperature
for 24 hours. The resulting mixtures were filtered, and
the solvent was evaporated at 40 °C in a rotary
evaporator while under vacuum. The residues left over
were dissolved in water (by concentration 2 g /100 ml
for GrSE and 15 g / 100 ml for GUSE) and stored in a
freezer [30].

2.2.2. Quantification of the bioactive compounds
using high-performance liquid chromatography
(HPLC)

An Agilent 1260 series was used for HPLC
analysis. The separation was accomplished using an
Eclipse C18 column (4.6 mm x 250 mm i.d., 5 m). At
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a rate of flow of 0.9 ml/min, the mobile phase was
composed of water (A) and 0.05% trifluoroacetic acid
in acetonitrile (B). The mobile phase was programmed
in a linear gradient in the following order: 0 minutes
(82% A); 0-5 minutes (80% A); 5-8 minutes (60% A);
8-12 minutes (60% A); 12-15 minutes (82% A); 15-16
minutes (82% A); and 16-20 minutes (82% A). At 280
nm, the multi-wavelength detector was monitored. The
injection volume for each of the sample solutions was
five uL. The column temperature was kept constant at
40 °C.

2.2.3. Experimental protocol

The Review and Approval Committee at
National Nutrition Institute reviewed and approved the
study (protocol INO0Q9, approved March 2017). Eight
groupings of the animals (eight rats/group) were
selected at random and treated for ten days as follows:
Group-I: served as negative control and received 1 ml
of saline (0.9%; i.p.); Groups I, 111, and IV received
GrSE (40 mg/kg b.wt /day /day p.0.)[31], GUSE (300
mg/kg b.wt /day, p.m.,) [32] and a mixed dose of both,
respectively. Group V (positive control) animals were
injected with 100 mg/kg body weight of gentamicin
(i.p.), according to Dhanarajan et al. [33]. Groups VI,
VII, and VI1II received GrSE, GUSE, and a mixture of
both, respectively, along with gentamicin for ten days.

The body weight of each animal in a
particular group was measured before and after the
experiment. Following the trial period, animals were
sacrificed by decapitation under anesthesia. The blood
samples were collected in dry centrifuge tubes for the
separation of serum and in heparinized tubes. Serum
was isolated by centrifugation at 3000 r.p.m for 15
minutes. Serum aliquots were frozen at -20°C to
determine creatinine, urea, uric acid, total proteins,
alkaline phosphatase (ALP), sodium, potassium, and
lipid profile later. The heparinized blood sample was
utilized for the determination of reduced glutathione.
The erythrocytes were washed two times with cold
saline and stored for Cu, Zn-SOD estimation at -20°C.
After the rats had been sacrificed, both kidneys were
quickly removed and weighed. For histological
investigation, one of the two kidneys was submerged
in a neutral 10% formaldehyde solution. The other was
divided equally into two longitudinal sections. One
half was used to prepare 10% (w/v) homogenate in
phosphate buffer (0.1 M, pH 7.4) using a homogenizer.
The kidney homogenate was centrifuged at 10,000 g
for 15 min, and the supernatant was used to estimate
renal GSH and MDA.. The remaining half was kept at
-80 °C to assess the levels of NF-kB p65 and KIM-1
gene expression using quantitative real-time
polymerase chain reaction (qPCR).
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2.2.4. Biochemical analysis
2.2.4.1. Renal function parameters

Standard  spectrophotometric  techniques
were used to quantify serum levels of urea [34],
creatinine [35], and uric acid [36] using the auto-
analyzer model. The serum total protein level was
measured using Stanbio Kits [37]. The activity level of
serum ALP was estimated by photometric techniques
using an auto-analyzer model [38]. Serum potassium
concentration was quantified by the turbidimetric
tetraphenylborate (TPB) method without
deproteinization [39]. Sodium concentration was
measured by the uranyl thioglycolate method with
precipitation [40].

2.2.4.2. Serum lipid profile

Concentration levels of serum TG, TC, and
HDL were evaluated enzymatically through
colorimetric techniques of Fossati & Prencipe [41],
Guder et al. [38], and Rifle et al. [42], respectively.
The equation proposed by Friedwald et al. [43] was
used to compute the serum LDL value. [LDL=TC-
(HDL + TG/5)]

2.2.4.3. Determination of oxidative stress markers

Renal and blood GSH contents were
measured using 5,5'-dithionitrobenzoic acid to
produce the yellow-colored 5-thio-2-nitrobenzoic
acid, which can be quantified colorimetrically at 412
nm [44]. Malondialdehyde (MDA), the by-product of
lipid peroxidation, was determined by the
thiobarbituric acid assay. MDA and thiobarbituric acid
(TBA) interact in an acid medium to form a pink-
colored TBA complex that can be extracted with n-
butanol and quantified colorimetrically at 535 and 520
nm [45]. The determination of Cu, Zn-superoxide
dismutase activity is based on the ability of the enzyme
to inhibit the reduction of nitro blue tetrazolium (NBT)
/ (prevent formazon formation) by the superoxides
produced by the interaction of photo-reduced
riboflavin and oxygen [46].

2.2.4.4. Gene expression of NF-«xB p65 and KIM-1
by real-time quantitative reverse transcription
polymerase chain reaction (RT-gPCR)

Total RNA was extracted from kidney tissue
utilizing a miRNeasy Mini Kit (Qiagen, USA)
following the manufacturer's instructions. The purity
and the concentration of RNA obtained were
determined spectrophotometrically at 260/280 nm
using a dual-wavelength Beckman Spectrophotometer
(USA). Afterward, the extracted RNA was reverse-
transcribed into complementary DNA (cDNA) using a
high-capacity cDNA reverse transcription kit
(Fermentas, USA). Real-time gPCR amplification and
analysis were carried out using an Applied Biosystem
with software version 3.1 (StepOne™, USA).
Sequences of primers (Invitrogen Co., USA) used for
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RT-qPCR were as follows: KIM-1 gene forward
primer: (5'- TTTGGATCTGTACCCAGTGCTT-3'),
reverse primer: (5- CAAGGCCAGCCCTCTAATGG
-3%); NF-xB p65 gene forward primer: (5'-
GAACTTGTGGGGAAGGACTG-3), reverse
primer: (5-GGGGTTATTGTTGGTCTGGA-3"); and
glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) forward primer: 5'-ATCACCATCTTCC
AGGAGCG -3', reverse primer 5'-CCTGCTTCACC
ACCTTCTTG-3'. The PCR program was adjusted to
start with initial activation for 2 min at 94°C, followed
by 45 cycles (94°C for 5 sec, 62°C for 10 sec, and 72°C
for 20 sec) using an Applied Biosystem with software
version 3.1 (Step One™, USA). Each sample was
evaluated, its data adjusted to the reference gene level
(GAPDH), and its relative copy number (RCN)
expressed. The samples' cycle threshold (Ct) estimates
were computed, and transcript levels were evaluated
by the 2-2ACt technique [47].

2.2.5. Histological analysis

For light microscopic analysis, the right
kidney was fixed in a neutral 10% formalin solution;
the specimens were embedded in paraffin wax, divided
into sections, and stained with hematoxylin-eosin [48].

2.2.6. Statistical analysis
Statistical analysis was carried out using the
software Statistical Packages for Social Science [49],

and values were compared using one-way analysis of
variance (ANOVA) followed by Tukey post hoc
multiple comparisons. All values were represented as
mean + standard error of the mean, and a p-value <0.05
was chosen as the significance threshold.

3. Results
3.1. Phytochemical analysis of ethanolic extracts of
grape and guava seeds

Figure 1 demonstrates a chromatogram of
standard polyphenolic compounds by using high-
performance liquid chromatography. The results of
HPLC-DAD analysis revealed the presence of many
phenolic compounds in the GrSE (Table 1 and Figure
2a). The concentration of chlorogenic acid in the GrSE
was comparatively high, up to 3173.9 pg/mL,
followed by methyl gallate (633 pg/ml), syringic acid
(440 pg/ml), gallic acid (261 pg/ml), caffeic acid (229
pg/ml), kaempferol (57.88 pg/ml) and naringenin
(38.1 pg/ml). However, the lowest amount was found
for quercetin (4.92 pg/ml). On the other hand, Table
(1) and Figure (2b) demonstrate that GUSE contained
syringic acid (228.2 pg/ml), quercetin (126.8 ug/ml),
caffeic acid (60.15 pg/ml), daidzein (53.87 pg/ml),
ferulic acid (42.08 pg/ml), chlorogenic acid (41.65
pg/ml), cinnamic acid (29.4 pg/ml), gallic acid (27.2
pg/ml), methyl gallate (23.48 pg/ml) and catechin
(8.85 pg/ml).

Table 1. HPLC-DAD data of the polyphenolic compounds detected in grape seeds and guava seeds ethanolic

extract
Standard Grape Seeds Guava Seeds Extract
Extract
Molecules Peak conc. Peak Conc. Peak Conc.
Area (Ug/mL) Area (ug/mL) Area (ug/mL)
Gallic acid 15 190.27 165.55 261.03 17.25 27.20
Chlorogenic acid 50 330.35  1048.49 3173.90 13.76 41.65
Catechin 75 316.49 0.00 0.00 1.87 8.85
Methyl gallate 15 259.01 633.01 733.19 20.27 23.48
Coffeic acid 18 245.39 156.52 229.63 41.00 60.15
Syringic acid 17.2 201.20 257.43 440.16 133.48 228.22
Rutin 26 202.57 241 6.20 0.00 0.00
Ellagic acid 120 353.61 93.98 637.83 3.33 22.59
Coumaric acid 20 703.65 19.51 11.09 9.37 5.33
Vanillin 12.9 373.12 51.47 35.59 13.69 9.47
Ferulic acid 20 359.23 6.99 7.78 37.79 42.08
Naringenin 30 323.82 20.56 38.10 6.34 11.76
Daidzein 35 547.09 7.62 9.75 42.10 53.87
Querectin 40 331.69 4.39 10.58 52.60 126.88
Cinnamic acid 10 501.92 12.34 4,92 73.38 29.24
Apigenin 50 780.29 6.13 7.86 3.93 5.04
Kaempferol 30 191.49 18.47 57.88 0.00 0.00

Egypt. J. Chem. 65, No. SI:13 (2022)



Ethanolic Extracts of Grape and Guava Seeds Ameliorate Gentamicin-Induced Acute Renal Injury in Rats 1003

DAD1 A, Sig=280.4 Ref=off (PP B-5-2022 2022-058-08 15-34-26\001-0101.0)

mALU 4 3 = -g
] o
7 £ 3 - 33 &
1 (3 "_i} 5 B2 n ; SI? &
50 1 & -&% 8 ?‘- rg;b@ i E iy
1 b
] = g < nﬁ g éb'ébu & ® ‘% S &
] - 878 B BT s 8 rb‘?.} 2 2 |l
40 -] = =8 ﬁ B g =} = |I®
1 2@ Sy 85 = =X S : B 5
g = =13 \\ E
- - £2 & £ R %
30 -} ,ﬁg o - N E
L T o a &
] 23 gl §5.7
20- ! o :‘39;\?@'
] 3 5
G
104
ﬂﬁ
2 4 6 8 10 12 14 16 18 min

Figure 1. HPLC-DAD chromatograms at 280 nm of standard polyphenolics compounds
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Figure 2. HPLC-DAD chromatograms at 280 nm of the detected polyphenolics compounds in the ethanolic
extracts of grape seeds (a) and guava seeds (b)
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3.2. Biochemical results
3.2.1. Effects of grape seed and/or guava seed
extracts on normal rats

Administration of GrSE, GuSE, or their
combination to normal rats did not significantly
change the measured parameters compared to the
negative control (p > 0.05).

3.2.2. Effects of grape seed and/or guava seed
extracts on GM-injected rats

Gentamicin injection resulted in a significant
reduction (p <0.05) in the percentage of increase in
body weight and a significant rise (p <0.05) in absolute
and relative kidney weights by 43.39% and 65.21%,
respectively, as compared to the negative control.
Treatment of gentamicin-injected rats with GrSE,
GUSE, and a mixture of both caused a non-significant
(p >0.05) increase in body weight and a significant (p
<0.05) decrease in the absolute (12.6%, 19.73%, and
18.4%) and relative (18.42%, 15.17%, and 21.05%)
weights of the kidney as compared to the positive
control (Table 2).

As shown in Table (3), ten days of GM
injection significantly (p <0.05) elevated serum levels
of urea and Cr (8.8-fold and 10.2-fold, respectively)
and significantly (p <0.05) decreased total serum
proteins (by 8.8%) as compared to the control group.
Concurrent administration of seed extracts of grape,
guava and their combination with GM significantly (p
<0.05) attenuated the increment of serum urea (50.6%,
44.9%, and 53.8%, respectively) and Cr (57.5%,
67.7%, and 56.94%, respectively) compared to the
positive control. Serum total protein level was
significantly (p <0.05) raised by 11.69% in the group
treated with GrSE but not significantly (p>0.05) in
other groups. Treatment of GM-injected rats with
GrSE and/or GUSE did not show appreciable changes
in serum uric acid (p>0.05) compared to GM-injected
rats.

According to Figure (3a), rats injected with
GM had considerably (p<0.05) higher serum ALP
activity (45.3%) than the control group. This rise was
significantly (p<0.05) decreased in the groups that
received oral administration of GrSE, GUSE, and their
combination by 17.06%, 11.9%, and 15.2%,
respectively, compared with the positive control.
KIM-1 was highly (p<0.05) up-regulated (5.47 folds)
in the group injected with GM in comparison with the
negative control. Oral administration of GrSE, GuSE,
or their combination significantly (p<0.05)
downregulated this intense elevation by 56.1%, 67.4
%, and 59.78%, respectively, as compared to the
positive control (Figure 3b).
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GM injection significantly (p<0.05) reduced
serum sodium by 10.6% and potassium by 10.2%
compared with the negative control. Simultaneous
treatment of GM-intoxicated rats with extracts of
grape and/ or guava seeds nearly normalized serum
sodium. Serum potassium level was significantly
(p<0.05) reduced in gentamicin-injected rats that
received guava seed extract by 17.8% as compared to
the positive control. However, no considerable
alterations were observed in serum potassium levels in
nephrotoxic rats that received GrSE or both extracts
compared to the positive control (p>0.05).

Rats treated with gentamicin had significant
(p <0.05) higher TG, TC, and LDL serum levels while
having lower HDL level than the control animals. Oral
administration of the tested extracts significantly (p <
0.05) improved the serum lipid profile in GM-
intoxicated rats (Table 4).

Data represented in Figure (5) demonstrate
that administration of GM caused a significant
(p<0.05) decrement in blood and renal GSH levels
(20% and 33.7%) along with the decline in the activity
of erythrocyte Cu, Zn-SOD activity by 20% as
compared to the negative control. This impairment in
renal antioxidant status was accompanied by a
considerable elevation in renal lipid peroxidation, as
shown by a significant (p<0.05) rise in the level of
renal MDA by 36% in GM-intoxicated animals as
compared to the negative control (Figure 6a). The
oxidative stress resulting from GM injection was
improved with the administration of GrSE, GUSE, or
their mixture, as the activity of erythrocyte SOD was
significantly (p < 0.05) increased by 45.6%, 67.3%,
and 29.9%, respectively (Figure 5a). Also, the blood
GSH increased (p < 0.05) by 41.7%, 48.7%, and
21.4%, respectively (Figure 5b), while renal GSH
level increased (p < 0.05) by 68.7%, 41.06%, and
38.7%, respectively (Figure 5¢) as compared to the
positive control. On the other hand, renal MDA was
significantly (p < 0.05) decreased by 38.5%, 40%, and
41.7%, respectively, as compared to GM-treated rats
(Figure 6a).

Gene expression examination revealed that
GM injection induced a substantial (6.57-fold)
increase in renal NF-kB p65 mMRNA expression
compared to the negative control (p<0.05). Contrarily,
treatment with GrSE, GUSE, or their mixture resulted
in a meaningful downregulation (p < 0.05) of NF- B
MRNA expression levels by 57.8%, 60.1%, and
63.9%, respectively, as compared to the positive
control (Figure 6b).
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Table 2. Effects of grape seeds and guava seeds extracts on the percent increase in body weight and
kidney weights (absolute and relative) in normal and gentamicin-treated rats
Groups Percent increase in body Kidney Weight*
weight (g%b) Absolute (g) Relative (g%o)

Negative control 24.5+1.28 0.53+0.022 0.23+0.012
Grape seed 24.1+2.32 0.5+0.022 0.21+0.012
Guava seed 23.1+2.22 0.54+0.0092 0.23+0.0062
Mixed dose 22.9+1.982 0.58+0.05? 0.28+0.01%*
Positive control (GM) 14.6+1.21° 0.76+0.03° 0.38+.007°
GM + Grape seeds 15.4+1.09° 0.61+.01% 0.31+0.007¢
GM + Guava seeds 16.28+1.17° 0.69+0.05h° 0.32+0.02°
GM + Mixed dose 14.98+1.31° 0.62+0.06° 0.30+0.01°

These values are expressed as mean £SEM (n=8 rats /group). Values with a different superscript letter in the
same column differ significantly at p < 0.05 (one-way ANOVA followed by Tukey's multiple comparisons test)
*Mean of two kidneys

3. Effects of grape and /or guava seed extracts on kidney function tests in normal and gentamicin-treated
rats

Serum urea Serum Serum Serum total
Groups (mg/dL) creatinine uric acid Protein
(mg/dL) (mg/dL) (mg/dL)
Negative control 33.66+2.8% 0.70+0.022 1.38+0.772 6.66+0.112
Grape seeds 38.5+1.19? 0.650+0.028 1.3+0.042 6.62+0.112
Guava seed 42.5+2.728 0.7£0.0% 1.42+0.062 6.62+0.19?
Mixed dose 36.25+1.432 0.7£0.04° 1.5+0.072 6.6+0.12°
Positive control (GM) 296.5+25.5¢ 7.2+0.82° 1.64+.082 6.07+0.17°
GM + Grape seeds 146.33+11.07° 3.06+0.26° 1.31+0.10? 6.78+0.242
GM + Guava seeds 163.25+26.4° 2.32+0.19° 1.28+0.042 6.49+0.08%
GM + Mixed dose 136.75+44.7° 3.1+0.81° 1.25+0.06? 6.55+0.06%

These values are expressed as mean £SEM (n=8 rats /group). Values with a different superscript letter in the same column
differ significantly at p < 0.05 (one-way ANOVA followed by Tukey's multiple comparisons test)

Table 4. Effects of grape and\or guava seed extracts on serum lipid profile in normal and gentamicin-
treated rats

Triacyglycerols Total HDL- LDL-Cholesterol
Groups (mg/dL) Cholesterol Cholesterol (mg/dL)
(mg/dL) (mg/dL)
Negative control 45.66+2.62 59+2.36 2 22.33+1.1° 28+1.23
Grape seed 56.25+3.492¢ 55.5+1.65° 37.75+1.6° 26.25+0.94%¢
Guava seed 52.25+11.12 61.75+1.65% 31.5+1.19° 23.5+0.86°¢
Mixed dose 51+6.67% 62.5+4.13% 22.5+3.0? 25.25+1.65%¢
Positive control (GM) 79.3+5.05° 75.8+1.166° 19.8+0.59? 31.6+1.09°
GM + Grape seeds 66.33+2.76° 68.33+2.92% 27.16+1.664 27+0.932d
GM + Guava seeds 63.5+4.66" 66.25+3.47% 22.25+2.012 28+1.224
GM + Mixed dose 66.5+3.12° 61+1.58% 20.75+0.472 25+0.81%

These values are expressed as mean SEM (n=8 rats /group). Values with a different superscript letter in the same column
differ significantly at p < 0.05 (one-way ANOVA followed by Tukey's multiple comparisons test)
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Figure 3. Effects of grape and guava seeds extracts on (a) serum alkaline phosphatase activity and (b) renal
KIM-1 gene expression in normal and gentamicin-treated rats
These values are expressed as mean +SEM (n=8 rats /group). Columns with different superscript letters
differ significantly at p < 0.05 (one-way ANOVA followed by Tukey's multiple comparisons test)
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Figure 4. Effects of grape and/or guava seeds ethanolic extracts on serum (a) sodium and (b) potassium in
normal and gentamicin-treated rats
These values are expressed as mean +SEM (n=8 rats /group). Columns with different superscripts differ
significantly at p < 0.05 (one-way ANOVA followed by Tukey's multiple comparisons test)
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Figure 5. Effects of grape and/or guava seeds ethanolic extract on (a) erythrocytes SOD, (b)
blood GSH and (c) renal (GSH) in normal and gentamicin-treated rats

These values are expressed as mean £SEM (n=8 rats /group). Columns with different superscript letters
differ significantly at p < 0.05 (one-way ANOVA followed by Tukey's multiple comparisons test)
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Figure 6. Effects of grape and/or guava seeds ethanolic extracts on (a) renal MDA and (b) renal Nuclear
Factor Kappa (NF- kappa) gene expression in normal and gentamicin-treated rats

These values are expressed as mean +SEM (n=8 rats /group). Columns with different superscripts differ
significantly at p < 0.05 (one-way ANOVA followed by Tukey's multiple comparisons test)

3.3. Histological results

The results of microscopic examination of the
kidney cortex and medulla sections in normal and GM-
injected rats treated with GrSE and/or GuSE are
presented in Figures 7 and 8, respectively.

4. Discussion

Gentamicin (GM)-induced nephrotoxicity is
a well-known experimental model of drug-induced
renal damage. In this study, we planned to induce renal
dysfunction to evaluate the nephroprotective efficacy
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of grape and/or guava seed extracts treatment. Thus,
GM was injected intraperitoneally at 100 mg/kg for ten
successive days, which is known to cause significant
nephrotoxicity [50].

In this experiment, the percent increase in
body weight was significantly reduced. In contrast,
the absolute and relative weights of kidneys were
increased in GM-intoxicated rats compared to the
control group. These results agree with the results of
other investigators, who also reported a decline in the
body weight of rats after GM treatment [51, 52].
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Weight loss of GM-treated rats may be due to loss of
appetite and elevation of energy expenditure caused
by GM. Acute renal failure causes acidosis due to an
increment in the catabolism that is associated with
anorexia. Thus, there is a decrease in food
consumption, which results in weight loss [53]. In this
study, the significant rise in kidney weights of GM-
treated rats might be due to the inflammation and
edema that followed GM treatment and might be
explained by an increase in renal cortical
phospholipids brought on by GM-induced lysosomal
phospholipidosis [50-53].

In the current study, GM-induced decline in
renal function was manifested by a significant rise in
serum levels of urea and creatinine along with the
increment in the activity of ALP beyond normal limits
and increased gene expression of renal KIM-1.
Elevated levels of urea and creatinine in serum might
be related to a low glomerular filtration rate (GFR),
which is associated with renal dysfunction [3-6]. It
has been proposed that GFR may decrease as a result
of GM-induced necrosis of tubules, which may result
in fewer functional nephrons. It is also possible that
the tubular casts, which are most likely the result of
peeling off tubular epithelial cells and shedding brush
borders, impair renal excretory function by
obstructing urine flow and may leave gaps along the
tubular epithelial cells whereby glomerular filtrate
can re-enter the circulation with further exacerbation
of the GFR decline [6,9]. Renal KIM-1 gene
upregulation in this study agrees with the results of
previous studies in which the elevation in the
expression of this protein was observed at very high
levels on the apical membrane of proximal tubule
cells after ischemic and nephrotoxic injury [54, 55].
KIM-1, a type | transmembrane glycoprotein, is
undetectable in the healthy kidney; nevertheless, upon
renal injury, proximal convoluted tubules have a
dramatically increased expression of KIM-1 [54]. The
increment in serum activity of ALP observed in this
study revealed that GM-induced oxidative stress
damages in rats [7, 8, 10]. ALP is an endoplasmic
reticulum marker. It is often used to evaluate plasma
membranes' integrity [9]. GM toxicity causes cell
membrane injuries and increases the serum activity of
ALP [56]. In this study, the low levels of both serum
electrolytes Na+ and K+ after GM intoxication is in
harmony with the observations of Bencheikh et al.
[52] and could be attributed to the Kidney's inability
to conserve sodium and potassium. Govindappa et al.
[55] suggested that GM blocks several basolateral and
brush border membrane transporters, resulting in
electrolyte imbalances.

Data from this study indicate that GM
treatment increased TG, TC, and LDL serum levels
while decreasing HDL levels. These results agree
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with the data from previous studies in which GM-
induced nephrotoxicity was accompanied by
secondary hyperlipidemia [57-59]. The increase in
serum cholesterol in GM-intoxicated rats could be
attributed to the liver's enhanced cholesterol synthesis
because of the elevated bioavailability of cholesterol
precursor mevalonate because of decreased
mevalonate catabolism in the injured kidney [58, 60].
The hypertriglyceridemia related to renal damage
could be explained by the delay in the clearance of the
circulating TG-rich lipoproteins due to a decrease in
lipoprotein lipase activity [57]. The role of
hyperlipidemia in the pathophysiology of renal
damage has been elucidated in many reports [57-60].
For instance, hyperlipidemic obese Zucker rats were
found to develop albuminuria and spontaneous focal
glomerulosclerosis,  while  the  onset  of
glomerulosclerosis was reduced when plasma lipids
were decreased with hypolipidemic drugs [60]. This
points to a strong possibility that the development of
hyperlipidemia during GM-induced nephrotoxicity
may also be crucial for the development of renal
injury. [59].

A substantial body of research suggests that
partially reduced oxygen metabolites are key
mediators of GM-induced nephropathy. GM increases
the production of superoxide anion and hydrogen
peroxide by renal cortical mitochondria. In the
presence of a metal catalyst, the interaction between
superoxide anion and hydrogen peroxide can form
hydroxyl radicals. It has been reported that GM
increases the production of hydroxyl radicals and
causes the release of iron from renal cortical
mitochondria [7-11]. Consistent with different
previous investigations, the results of the present study
show that GM caused a significant elevation in renal
MDA levels and a noticeable drop in the activity of
erythrocyte SOD and in the levels of blood and renal
GSH. GM-induced elevation in renal MDA, a
biomarker of endogenous lipid peroxidation, is
indirect evidence of an increase in a free radical
generation [59, 61-62]. GSH can protect cells from
injury caused by oxygen free radicals as it is one of the
most significant endogenous antioxidants that
scavenge singlet oxygen and hydroxyl radicals.
Additionally, SOD could catalyze the mutation of
superoxide radicals. So, it is considered the main
enzyme to react with oxygen radicals. It is proposed
that antioxidant enzymes are suppressed by ROS,
including Oy, H.0, and OH radicals. The
suppressive effects of GM on the enzymatic
antioxidants lead to ROS generation, which is
considered one of the factors associated with GM-
induced renal toxicity and dysfunction [8,50].
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Figure 7. A photomicrograph of a section in the kidney cortex in: a) normal control showing normal glomeruli
(black arrow), proximal convoluted tubules (P), and distal convoluted tubules (D), b) normal rats that received
GrSE showing almost normal appearance of glomeruli and tubules, c) normal rats that received GUSE showing
normal appearance of glomeruli and tubules, d) normal rats that received grape and guava seed ethanolic extracts
showing hydropic degeneration in some tubules e) GM-intoxicated rats showing hydropic degeneration in
tubules (black arrow), acidophilic casts in tubules (green arrow), congestion of blood vessels (red arrow) and
lymphocytic infiltration (blue arrow), f) GM-injected rats treated with GrSE showing less damage in renal
tubules, g) GM-treated rats that received GUSE showing normal glomeruli and less damage, h) GM-injected rats
that received the combined extracts showing normal glomeruli and less damage in renal tubules H & E X400
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Figure 8. A photomicrograph of a section in the kidney medulla in: a) normal control showing normal collecting
tubules (black arrow) and blood vessels (red arrow), b) normal rats that received GrSE showing hydropic
degeneration in few tubules (arrow), c normal rats that received GuSE showing minimal hydropic degeneration
in some tubules (arrow), d) in normal rats that received grape and guava seed ethanolic extracts showing
hydropic degeneration in some tubules (arrows), €) GM-intoxicated rats showing wide spread acidophilic casts in
tubules with or without loss of lining epithelium in addition to hydropic degeneration in some tubules (arrows),
f) GM-injected rats treated with GrSE showing less damage in renal tubules, g) GM-treated rats that received
GuUSE showing less damage in renal tubules compared positive control h) GM-injected rats that received the
combined extracts showing less damage in renal tubules compared to positive control. H & E X400
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In this investigation, the upregulation of NF-
kB in renal tissue of GM-treated rats is in accordance
with the results of previous studies and reinforces the
role of GM-derived inflammation as an underlying
cause of alteration of the kidney, favoring the
development of nephrotoxicity [10-11]. Inflammation
and oxidative stress are inextricably related because
each enhances the other. In this context, oxidative
stress invariably recruits inflammation through the
activation of NF-kB, which is the general transcription
factor for various proinflammatory cytokines,
chemokines, and adhesion molecules [8-10]. A
previous study demonstrated that increased NF-xB
activation in GM-treated rats was followed by
increased  inflammatory  substance  synthesis.
Moreover, TNFa also activates the NF-kB pathway,
thus amplifying the inflammatory response [11-12].

The findings of this study suggest that
hyperlipidemia, oxidative stress, and inflammation
resulting from GM injection may all be factors that
contribute to the kidney's alteration, promoting the
development of nephrotoxicity [8,59,63].
Consequently, there is much interest in using plants
rich in phenols and flavonoids because of their
hypolipidemic characteristics, capacity to scavenge
free radicals and antioxidant and anti-inflammatory
properties. [16-18]. In the current investigation, rats
given grape and/or guava seed extracts along with
GM demonstrated moderation of the nephrotoxic
insult as evidenced by restoration of the kidney
function parameters towards the expected levels and
improvement in blood lipid profile accompanied by a
decline in lipid peroxidation, enhancement in the
antioxidant status and diminished expression of NF-
«B.

According to the HPLC-DAD study, the
ethanolic extracts of grape and guava seeds are rich in
polyphenolic compounds such as ferulic acid,
hydroxytyrosol, gallic acid, methyl gallate, catechin,
vanillic acid, quercetin, p-coumaric acid, naringenin,
rutin, and 3-hydroxycinnamic acid. In agreement with
the results of this investigation, it was reported that
GrSE is a complex mixture of polyphenols containing
dimers, trimers, and other oligomers of catechin and
epicatechin and their gallate derivatives that are
together called proanthocyanidins (PACs) [15-22].
PACs from grape seeds decreased lipid peroxidation
by the chelation of ROS and enhancement of the
antioxidant defense system [23]. In addition to the free
radical scavenging and antioxidant activity [24], PACs
also exhibit anti-inflammatory effects. PACs and
anthocyanidins can inhibit cyclooxygenase and
inducible nitric oxide synthase. As a result, these
ingredients interfere with the inflammation signaling
pathway [21-24]. Furthermore, Bashir et al. [64]
showed that GrSE pre-administration activates the
expression of the transcription factor nuclear factor-
erythroid 2-related factor 2 (Nrf2), decreases the NF-
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kB activities, indicating its inhibitory effect on the
inflammatory response by utilizing NF-kB-dependent
pathway. Additionally, Nrf2 is regarded as one of the
most crucial cellular defense systems to battle
oxidative stress, particularly in regulating Phase Il
detoxifying enzymes and antioxidant status. Nrf2
activates several antioxidant genes, including heme
oxygenase-1 (HO-1), and catalyzes the breakdown of
heme to yield CO and biliverdin, which serves as an
antioxidant substance in the biological system [64].
Moreover, previous studies have shown that PACs
regulate  lipid metabolism and are potent
hypolipidemic agents [65-66]. It was hypothesized
that PACs cause hypolipidemia by influencing the
miRNAs that regulate lipid metabolism [65].

In the same context, guava seeds are a
promising source of bioactive substances and potential
antioxidant, antimicrobial, and anticarcinogenic
compounds [28]. The results of this study confirmed
the results of previous studies where HPLC identified
chlorogenic acid, caffeic acid, ferulic acid, and O-
coumaric acid in guava seed extract [68-70].
Similarly, Flores et al. [70] reported that this fruit
contains phenolic components (flavonoids and
derivatives of ellagic acid) that have antioxidant
properties and inhibitory activity on interleukin-8
production and matrix metalloproteinase-1 expression.
Furthermore, novel guava seed polysaccharides have
been studied for their potential to be anti-inflammatory
and anti-PC-3 prostate cancer [69].

Based on these results, the presence of the
bioactive polyphenolic compounds in GrSE and GuSE
may be responsible for the nephroprotective effects
observed in this study.

In conclusion, the present study confirmed
that GM-induced Kidney injury, as indicated by the
elevation of serum urea, creatinine, and ALP,
increased expression of KIM-1 in the kidney besides
disturbance in serum electrolytes such as Na+ and K+
and hyperlipidemia along with elevation of oxidative
stress and inflammation. Grape and guava seed
extracts ameliorated GM-induced kidney injury in rats
by reducing hyperlipidemia and lipid peroxidation,
potentiating endogenous antioxidant capacity, and
suppressing inflammatory pathways.
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