Study the Protective and TherapeuticEffect of Grapefruit (Citrus Paradisi
L.) on Acute Renal Failure in Male Rats

INTRODUCTION

Renal failure is a condition in which the kidneys fail
to remove metabolic end-products from the blood and
regulate the fluid, electrolyte, and pH balance of the
extracellular fluids. The underlying cause may be renal
disease, systemic disease, or urologic defects of non renal
origin. Renal failure can occur as an acute or a chronic
disorder.Zhang,ct al.,2013)

Glycerol is sugar alcohol compound. It is a colorless,
odorless, viscous liquid that is widely used in pharmaceu-
tical formulations. The glycerol backbone is central to
all lipids known as triglycerides. Glycerol is sweet-tasting
and generally considered non-toxic. Glycerol-induced Acute
Renal Failure is characterized by myoglobinuria,tubular
necrosis. Karam,et al.,(1995) .A standard method of
inducing renal failure is byintramuscular administration of
50% glycerol, v/v(8 ml/kg, im) .Savic, et al.,(2002)

grapefruit (Citrus xparadisi) is a subtropicalcitrus
tree known for its sour to semi-sweet fruit, an 18th-century
hybrid first bred in Barbados. When found, it was named the
"forbidden fruit.Carrington ,et al.,(2003) Grapefruit is an
excellent source of many nutrients and phytochemicals that
contribute to a healthy diet. Fellers, et al.,(1990)Grapefruit
is a good source of vitamin C, contains the fiber pectin, and
the pink and red hues contain the beneficial antioxi-
dant lycopene. Platt (2000).grapefruit juice ameliorates the
nephrotoxicity of amiodarone in albino rats and this may be
due to the potent antioxidant effects of its components Sakr
and El-Gamal, (2016). naingin effectively reduced neuro-
toxicity by attenuating hyperammonemia, suggesting that
naringin act as a potential therapeutic agent to treat hyper-
ammonemic rats Ramakrishnan,et al.,(2016) Previous
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studies identified the potential of GF to favorably affect
metabolic syndrome Fujioka,et al.,(2006) and lipid metabo-
lism Goldwasser,et al.,(2010). naringin and naringenin, two
flavonoids found in high concentrations in grapefruit, may
be able to inhibit the development of oral carcinogenesis
Téleze, et al.,(2010).Consumption of grapefruit juice was
found to be beneficial for human health, including
protection against the DNA damage Alvarez-Gonalez,-
etal.,(2004). Therefore, the present study is carried out
tocompare the protective and therapeutic effects of grape-
fruit against glycerol induced renal failure.

Materials and Methods
A. Materials:

1. Grapefruit :was purchased from alocal market ,Cairo
,Egypt .

2. glycerol: was purchased from Ameriya company for
Pharmaceutical and Chemical Industries, Cairo , Egypt.

3. Chemicals and kits : Kits for biochemical analysis were
purchased from the gamma trade company for
pharmaceutical and chemicals, Dokki,Egypt. And
chemicals were purchased from EL - Gomhorya company
cairo ,city ,Egypt .

4. Animals: Thirty five mature male albino rats of Sprague
Dawley strain weighing (175+10g) and (12—-14 weeks old
)were purchased from Laboratory of Animal Colony
Helwan Egypt.

B. Methods:-

1- Preparation of dried grapefruit:-

Freshgrapefruit was washed with water and cut into
slices , removed seeds and dried by the hybrid convective
drying system , belonging to the Solar Energy Department,
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National Research Center , Dokki , Egypt, at 30- 40 ° C.
Thirty kilogram of freshgrapefruit yielded 4.5 kilogram
dried grapeftruit.

2- Determination of the total phenolic compounds of
grapefruit:-

Total phenolic concentration was analyzed using the
method described by Singleton and Rossi.(1965).

3- Preparation of the basal diet:

Basal diet was prepared according to Jia et
al.,(1999)lt consists of 20 % protein (casein), 10 % sucrose,
4 % corn oil, 0.2% chlorine chloride, 1% vitamin mixture,
3.5 % salt mixture , 5% fibers (cellulose) and the remainder
was corn starch up to 100 % .
4-Induction of nephrotoxicity.

Rats injected with a single dose of glycerol (50% v/v
glycerol in 0.9% saline at 10 ml/kg) in the last and first days
of the experiment according to Nobuhito et al.,(1999)
5-Experimental Design :

Rats were maintained under controlled hygienic
conditions. Animals were fed on basal diet and water was
provided ad libitum. Rats were allowed to acclimatize to the
laboratory environment for 7 days before starting of the
experiment. The experiment was performed on thirty five
adult Sprague Dawley rats weighted (175+£10g) randomly
distributed into 5 groups, of 7 animals each. Group (1) rats
were fed on basal diet and served as a negative control,
while groups (2) and (3) were kept as a positive control
groups intoxicated by a a single dose of glycerol (50% v/v
glycerol in 0.9 % saline at 10ml/kg) at the last and first
days of the experiment, respectively . Groups (4) and (5)
rats were fed on basal diet with 20% of grapefruit (
pretreated group ) and ( treated group ) , respectively for 4
weeks.Feed intake was calculated daily and body weight
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gain was recorded weekly. At the end of the feeding period,
the rats were euthanized by prolonged exposure to ether and
blood samples were withdrawn for separating the serum by
centrifugation at 8000 rpm for 15 min. Serum samples were
kept frozen at -70 C till biochemical analyses. The kidney
of sacrificed rats were taken and preserved in 10%
formalin solution till processed for the histopathological
examination .

6- Kidney function marker:

Blood wurea nitrogen was determined using Bio
Meérieux kits according to Patton and Crouch,(1977)
Serum uric acid was determined using the enzymatic
colorimetric method as described by Fossati,et al.,(1980).
Serum creatinine concentrations were calorimetrically
determined by Husdan and Rapoport (1968). Serum total
protein ,albumin and homocysteine were determined as
descrebied by the method of Weichselbaum,
(1946),Bartholomew and Delaney(1966) andUeland,et
al.,(1999) respectively .

Histopathological Examinations :

The Kidney of sacrificed rats were taken and
immersed in 10% formalin solution . The fixed specimens
were then trimmed , washed and dehydrated in ascending
grades of alcohol. They were then cleared in xylol,
embedded in paraffin, sectionned at 4-6 microns thickness
and stained with Heamtoxylin and Eosin according
toCarleton ,(1979)

Statistical analysis :

The obtained data were statistically analyzed by using
computer .The results were expressed as (mean + standard
deviation "SD") and tested for significance using both one
way analysis of variance "ANOVA" test, according to
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Armitage ,et al.,1987 and least significant differences
"LSD" according to Scedecor and Cochran, (1976)

RESULTS

Data in table (1) showed that, total Polyphenol in
grapefruit was 1.40 mg/g.
Table 1 : Total Polyphenols in dry grapefruit.

Dry matter of leave of ginkgo biloba
g/100 g dw

1.40 |

Parameter

T. Polyphenols (mg GAE/g)
GAE : gallic acid equivalents.

Data in table (2) showed that ,there were very highly
significant (P<0.05 ) difference between glycerol ( +ve )
and control (-ve) group in FI . Nephrotoxic group (+ve)
revealed significant reduction (P<0.05) in final b.wt and
BWG% as compared with control (-ve). Pretreated with
20% grapefruit caused a sigficant (P<0.05 ) reduction in
final weight and BWG% compared with glycerol (+ve
)-While treated with 20% grapefruit induced improvement

in final weight and BWG %. compared with glycerol (+ve ).
Table (2): Effect of Grapefruit (Citrus Paradisi L.) on feed intake,

weights and body weight gain%
nephrotoxicity in male rats.

against glycerol induced

Groups Feed Initial Final o
Parameter Intake Weight(g) Weight(g) BWG%
G(1)-ve control 19.00*+ | 202.333%44.041 | 244.00°+5.291 | 20.590*+0.523

1.00
G(2)+ve 18.333%+ | 203.333%+1.154 | 235.666"+0.577 | 15.904"+0.839
Control(pretreated) 0.577
GQ3)tve 14.00% | 202.666*+2.516 | 212.333°:2.51 | 4.767 £ 0.297
control(treated) 1.00
G(4)pretreated 16.333+ | 202.333+1.527 | 221.00% 1.00 | 9.228 %+ 0.807
with 20% 0.577
grapefruit )
G(5)treated with 16.00°+ | 203.333%£1.154 | 223.666 "+ 2.88 | 9.999"+ 1.228
20%grapefruit 1.00

- Values are expressed as mean + SD.
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- Values at the same column with different letters are significant
at  P<0.05.

As seen in Table (3) Intraperitoneal injection of a
single dose of glycerol to rats at the last and the first days
of the experiment caused nephrotoxicity manifested by
significant (P < 0.05) decreases in serum levels of total
proteins (6.333+ 0.152 and 6.100+ 0.100, respectively )
when compared with the normal (negative) control
group(6.900+0.173) . As well as there was a significant (P <
0.05) decrease in serum level of albumin in both control (+)
positive (2.333+ 0.070 and 3.086+ 0.075, respectively )
compared to control (-) negative group(3.893+0.090).
Pretreatment and treatment with grapefruit to glycerol-
injected rats showed significant (P < 0.05) improvement in
all tested protein metabolism parameters, compared to both
(+ve) groups.

Table (3): Effect of Grapefruit (Citrus Paradisi L.) on serum

protein and albumin against glycerol induced nephrotoxicity in
male rats.

Parameters Protein Albumin
Groups
G(1) —ve control 6.900°+0.173 3.893"+0.090
G(2)+veControl(pretreated) 6.333"+0.152 2.333%%0.070
G(3)+ve control(treated ) 6.100 %+ 0.100 3.086°+ 0.075
G(4)pretreated with 20% grapefruit 6.700 "+ 0.100 3.193"+0.167
G(5)treated with 20%§rapefrui 6.533"+0.153 3.833"+0.208

- Values are expressed as mean + SD.
- Values at the same column with different letters are significant
P<0.05.

Effect of pretreated and treated of grapefruit on
kidney function against GM-induced nephrotoxicity in male
rats is shown in table (4). The results revealed that, acute
intoxication of rats by glycerol induced significant(P < 0.05)
elevation in serum level of urea nitrogen for both control
+ve ,(130.666+ 6.027,and 56.00+ 3.605 , respectively)
compared to control (-) negative group(16.530+ 1.513). As
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well as there was a significant (P < 0.05) increase in serum
level of creatinine in both control (+) positive (5.410+
0.085and 1.583+ 0.144, respectively ) compared to control
(-) negative group(0.766+ 0.05). Fed of grapefruit to
glycerol injected rats, showed significant amelioration in all
tested kidney function parameters. The grapefruit lowers
the elevated serum levels of  urea nitrogen  and
creatinine. There were significant (p<0.05) difference
between pretreated and treated groups and glycerol (+ve)
group . On the other hand, there was a significant (P < 0.05)
increases in serum level of homocysteine in both +ve
groups compared to control (-) negative group. Pretreated
and treated with grapefruit caused a significant (P < 0.05)
decreases in serum homocysteine level compared to (+ve)
group .

Table (4): Effect of Grapefruit (Citrus Paradisi L..) on serum urea

nitrogen ,creatinine and homocysteine of against glycerol induced
nephrotoxicity in male rats.

meters Urea nitrogen Creatinine Homocvsteine
mg/dl mg/dl y
Groups
G(1) —ve control 16.530°+ 1.513 0.766 “+ 0.05 23.533"+ 1.858
ool 130.666% 6.027 | 5.410*:0.085 | 37.500% 1.500
pretread)

G(3)tve a a a
control(treated) 56.00 *+ 3.605 1.583*+ 0.144 38.466 "+ 1.747
G(4)pretreated 127.833 P+ . c
with 20% grapefruit 10.550 3.880 "+ 0.158 18.200 “+ 1.552
v‘;’i(f}}tzrgﬂ/‘f‘iapefmi 20.633°0.896 | 1.020"+0.045 21.666"+ 1.222

- Values are expressed as mean = SD
- Values at the same column with different letters are significant
at P<0.05
- CP:Citrus Paradisi
Effect of pretreated and treated of grapefruit on serum

levels of ionic sodium , potassium , calcium, and
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Phosphorus against Glycerol -induced nephrotoxicity in
male rats is shown in table (5) .

Data showed that glycerol(+ve) group had very
highly significant(P < 0.05) elevation in serum levels of
Na , K and P concomitant with significant (P < 0.05)
reduction in Ca compared to control (-) negative group.
Pretreated and treated with grapefruit caused a marked
protection evidenced by significant (P < 0.05) reduction in
serum levels Na , K and Pconcomitant with significant (P <
0.05) improvement in Calevel compared to (+ve) group
. As well as there was a non - significant change in

pretreated and treated groups .

Table (5): Effect of Grapefruit (Citrus Paradisi 1..) on serum
levels of sodium , potassium , calcium, and Phosphorus against
glycerol induced nephrotoxicity in male rats.

arameters Na K Calcium Phosphorus
Groups
G(1) —ve control 133.333% | 2.530"+ 12.300 *+ .
2516 0.040 0.793 | 1330192
G(2)+ve 166.00°+ | 4.010°+ 9.300 “+ a
Control(pretread) 2.00 0.187 0.529 4.6637+0.230
G@3)+ve 161.00°+ | 3.500°+ 8.400 %+ a
control(treated) 4582 0.222 0360 | #2937 =0.110
G(4)pretreated b b b
. 149.00°+ | 3.190"+ 11.00"+ b
with 20% 100 0.196 0.888 3.986 "+ 0.205
Grapefruit
G(5)treated with 145.00°+ | 2.643°+ | 11.566*"+ 3.413°%+
20%grapefruit 2.00 0.177 0.305 0.380

- Values are expressed as mean = SD
- Values at the same column with different letters are significant
at P<0.05

Histopathological Investigations:

Histological examination of kidneys of healthy rats
showed the normal histological structure of renal
parenchyma as illustrated in Photo (1). Kidney of rat from
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group 2 positive control group (pretreated ) vacuolation of
epithelial lining renal tubules and presence of eosinophilic
protein cast in the lumen of renal tubules Photo.(2). As well
as Kidney of rat from group 3 positive control group
(treated )showed tubular necrosis and calcification |,
photo.(3). Examination of kidneys of rats from group
pretreated with 20% grapefruit showed no histopathological
changes, photo.(4).Whereas kidney of rat from rats fed on
20% grapefruit showed presence of eosinophilic protein cast
in the lumen of renal tubules, photo.(5).

Photo. (1): Kidney of rats from Control negative group
showing the normal histological structure of renal
parenchyma (H & E X 400)
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Photo. (2): Kidney of rats from positive pretreated
control group showing vacuolation of epithelial lining
renal tubules and presence of eosinophilic protein cast in
the lumen of renal tubules (H & E X 400).

Egyptian Journal for Specialized Studies - N (16) Oct 2017 ( 76 )



Study the Protective and TherapeuticEffect of Grapefruit (Citrus Paradisi
L.) on Acute Renal Failure in Male Rats

Photo. (3): Kidney of rat from group 3 positive treated
control group showing tubular necrosis and calcification
(H & E X 400)
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Photo. (4): Kidney of rat from group 4 pretreated with
20% grapefruit showing no histopathological changes (H
& E X 400)(preteated)
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Photo. (5): Kidney of rat from group (5) 20% grapefruit
showing presence of eosinophilic protein cast in the
lumen of renal tubules(treated).

DISCUSSION

Nephrotoxicity represents a major health problem and
accounts for high incidence among population all over the
world Jain ,et al,2013 Glycerol-induced Acute Renal
Failure is characterized by myoglobinuria,tubular necrosis
Karam,et al.,(1999).

Many plants contain antioxidant compounds and
these compounds protect cells against the damaging effects
of reactive oxygen species (ROS) such as single oxygen,
superoxide, peroxyl radicals, hydrox radicals and
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peroxynitrite . Thus compounds or antioxidants that can
scavenge free radicals have vital role in improvement of
diseased conditions Fouad,et al.,(2014)

Body weight is the most sensitive indicator of adverse
effects of chemical toxicants and xenobiotics. Glycerol
induced statistical significant loss of body weight in
glycerol groupcompared with control. This result was agree
withFarouk,et al.,(2015)who mentioned that grapefruit
juice significantly produced its weight effect after one week
of administration and lasted till the end of the experiment.
Furthermore, these results in accordance with those
previously reported by (Backey,et al.,1988, Cerda, et
al., 1988 Kurowska ,et al., (2000)andHeidi,et al.,(2011) who
showed that grapefruit by itself may not have a direct effect
on the body weight yet it may help people on diet by
delaying gastric emptying, expanding satiety and reducing
the feeling of empty stomach . On the other hand these
results were disagreed with Caitlin, et al.,2013 who
indicated that , consumption of grapefruit daily for 6 weeks
does not significantly decrease body weight.

The increase catabolism accompanied by anorexiaand
the decrease of feed intake may be the causes of bodyweight
loss seen in glycerol injection. On the other hand, pretreated
and treated with grapefruit to glycerol-injected rats induced
markedamelioration on body weight

as comparing with glycerol (+ve)group. These results
agree with Farouk,et al.,(2015)who illustrated  that
grapefruit juice significantly increased food consumption .
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In the current study the results revealed that, serum
level of total protein and albumin exhibited significant
decrease in glycerol (+ve)group as compared with the
corresponding values of thecontrol (-ve) group. These
results were partially similar to those obtained by Farouk,et
al.,(2015)who found that grapefruit juice administration
either before infection or before treatment with artemether
was significantly decreased on serum protein .In addition,
decreased albumin is an important predictor of progression
of kidney diseases. Pretreatment and treatment with
grapefruit showed significant improvementin all tested
protein metabolism parameters.These results were in the
same line with Osfor ,et al.,(2013)who revealed that the
groups of rats which received diets supplemented with 10%
and 20% OrAP(orange albedo powder) for six weeks
spontaneously were significantly increased on serum
albumin.

The present results indicated that, there were
significantelevation in urea nitrogen and creatinine in
glycerol (+ve) group as compared with control (-ve) group.
These results were partially similar to those obtained by
Moghaddam, et al.,(2010)Ullah, etal.,(2014) and AL-
Yahya ,et al.,(2015)which used daily dose of 80 mg/kg of
gentamicin to produce significant nephrotoxicity. Blood
urea nitrogen and serum creatinine increased with
significant fall in glomerular filteration, measured by
creatinine clearance was observed with gentamicin.

Pretreated and treated with  grapefruit to
glycerolinjected rats, showed

significant amelioration in all tested kidney
functionparameters as compared with the glycerol (+ve)
group. Thepresent findings were in the same line with those
reported byFarouk,et al.,(2015)who mentioned that
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grapefruit juice significantly decrease urea nitrogen effect
after one week of administration and lasted till the end of
the experiment.Moreover, the prevalent antioxidant activity
in grapefruit due to its phenolic compounds content, this
propertymay contribute in enhancing renal functions
viasuppressing oxidative stress which induced tubular
injury.

Renal insufficiency is invariably accompanied by
elevated plasma concentrations of the sulfur-containing and
potentially vasculotoxic amino acid homocysteine. Glycerol
induced statistical significant increases in homocysteine
level , this finding was supported by van Guldener and
Stehouwer.,(2005)who concluded that there is a strong
relationship between glomerular filtration rate and plasma
homocysteine concentration. Unlike creatinine, however,
homocysteine is avidly reabsorbed in the renal tubules, and
its urinary excretion is minimal. Also , thepresent findings
were in the same line with those reported by van Guldener
and Robinson., (2000)who mentioned that In patients with
renal failure, hyperhomocysteinemia is a common feature.
The mechanisms include reduced renal elimination of
homocysteine and impaired nonrenal disposal, possibly
because of inhibition of crucial enzymes in the methionine-
homocysteine metabolism by the uremic milieu. Absolute or
relative deficiencies of folate, vitamin B6, or vitamin B12
may also play a role. Several case-control and prospective
studies have now indicated that hyperhomocystenemia is an
independent risk factor for atherothrombotic disease in
patients with predialysis and end-stage renal disease.
Pretreated and treated with grapefruit to glycerolinjected
rats, showedsignificant reduction in homocysteine level as
compared with the glycerol (+ve) group.
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Pretreated and treated with grapefruit markedly
preserved the chang in ionic Na+ , K+, Ca+ and P+. There
were significant differences between the glycerol (+ve)
group and all groups pretreated and treated with grapefruit .
These results were in accordance with those previously
reported by Ullah et al.,2014)and Sudha and
Venkatalakshmi.,(2012).

In this study, the biochemical data were concordant
with pathological findings. Examination of kidney sections
of glycerol (+ve) group showed vacuolation of epithelial
lining renal tubules and presence of eosinophilic protein cast
in the lumen of renal tubules , tubular necrosis and
calcification .This may be due to glycerol accumulation in
renal cortex exhibited extensive proximal tubular necrosis
throughout the corticomedullary region characterized by
eosinophilic tubules with the remnants of karyolytic nuclei
Midhun et al., (2012)

Pretreated with grapefruit remarkably minimized the
structural changes in kidney, thus may be explained by
antioxidative activity of grapefruit that may be attributed to
its antioxidant constituents.

CONCLUSIONS

The current study demonstrated that the glycerol
injection induces nephrotoxicity manifested by serum and
urine biochemical changes and histopathological alterations
in rats. Grapefruit powder possesses significant nephro-
protective and antioxidant effects. It has an ability to
prevent and ameliorate the degeneration and tubular
necrosis induced by glycerol in the kidney of rats. This is
assessed by renal functional and histological examinations.
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