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Abstract
The present work aimed to investigate the possible effect of beetroot juice to overcome the splenic toxicity diclofenac - induced. 40

male albino mice were divided, 1st group deal as control group, 2nd treated with 8ml/kg of freshly prepared beetroot juice, 3rd treated
with oral daily dose 20 mg/kg of diclofenac and 4th pre-treated with beetroot juice to diclofenac administration. Diclofenac treatment

resulted in significant increase of liver and kidney functions, marked pathological alterations as diffusion of white pulp, minimized

lymph nodes areas and volumes, increased pathological score, neutrophils and oxidative stress. The pre-treatment of beetroot to
diclofenac revealed significant increase in liver and kidney functions, noticeable improvement in the spleen tissue manifested by
decreasing of pathological score, neutrophils and oxidative stress.
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Introduction

Diclofenac treatment might be resulted in various deteriora-

The diclofenac (DCLF) considered antipyretic, analgesic and

tions all over the body as hepatotoxicity, kidney failure and spleen

clinical signs, like fever, lower back pain, cerebral pain, headache,

of these drugs was higher in high school student than undergradu-

anti-inflammatory non-steroidal drug which is the most popular

one [1]. It has a proven effect in treating symptoms of numerous

and osteoarthritis [2]. Its action occurs through inhibition of
prostaglandin synthesis, and it does that by inhibiting cyclooxy-

genase-1 (COX-1) and cyclooxygenase-2 (COX-2). Diclofenac can
amass in the systemic circulation and inflamed tissues, where it
can diffuse quickly into the intracellular spaces to exert its therapeutic effect [3].

disorders [4]. A study in 2014 conducted on female students in
Saudi Arabi and investigated the use of NSAIDs found that the use

ate students [5]. NSAIDs are available in Saudi Arabia as both OTC

and medical prescription. A recent study declared that the use of
NSAIDs is high in metropolitan areas of Saudi Arabia [6].

Fruits and vegetables are always recommended to be a source

for nutrients rich with vitamins, minerals and antioxidants [7].

Beetroot are distributed in cool countries such as Europe, North
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America and also in some parts of West Africa because it is grown

ples were integrated and sectioned at 5μ thickness and then Hema-

betanin, beetroots contain principal bioactive components com-

(Motic-2000).

better under the cool conditions. Beetroots enlarge near or just

above the soil surface to form bulbous root [8]. In addition to

pounds such as phenolic compounds, fibers, minerals and antioxidant substances [9]. In the past, beetroot juice was used as a
remedy to overcome sexual weakness problem due to its capability

toxylin and Eosin (HE) stained. Sections were photographed using
light microscopy and subjected to morphometric measurements
Pathological scoring system
A semiquantitative splenic scoring system was used for the fol-

to enhance human sex hormones, also it increases the blood vol-

lowing criteria: It was scored for the diffusion of white pulp in the

effect of beetroot [10-12].

2-4=moderate; ≤ 5=intense), number of granular cells (1-10=slight;

ume and flow of blood to brain. On the other hand, several studies
postulated the anti-inflammatory, antioxidant and cardioprotective
So far, studies that deal with the toxic effect of diclofenac on the

spleen was few, so that the present work was achieved to determine expansively the effect of diclofenac on the spleen, also to in-

vestigate if the beetroot juice could reverse the spleen injury due to
diclofenac treatment.

Materials and Methods
Animals and Experimental design
Male albino mice (25 ± 5 g) were collected at 22 ± 2 ̊C with free

access to food and clean water from the King Saud University ani-

mal house, subjected to 12 hours of light-dark period. After 1 week

of adaptation phase, mice were randomly divided into four groups,
the first group served as control, the second group administered
8 ml/kg of freshly prepared beet root juice daily oral dose, the

third group administered 20 mg/kg of diclofenac daily oral dose,
the fourth group administered a one-hour pre-administration daily

oral combined dose of beet root juice to diclofenac. The length of
the experiment was 30 days; one day after the last dose, all mice
were sacrificed.

Biochemical analysis
The collected serum samples were subjected to UV-VIS spec-

trophotometer measurements for alanine aminotransferase (ALT),

aspartate aminotransferase (AST), alkaline phosphatase (ALP) and
gamma glutamyl transferase (GGT) levels as liver enzymes. Blood
Urea Nitrogen (BUN) and creatinine as kidney function.
Histopathological analysis

Spleen samples were gathered and cut into small bits, then

10% neutral buffered formalin was fixed. Using ascending alcohol

grades, samples were dehydrated and washed with xylene. Sam-

red pulp (0=absent; 1=slight; 2=moderate; and 3=pronounced),
congestion of red pulp, number of macrophages (1-2=slight;
11-20=moderate; < 20=intense), hyaline degeneration and pres-

ence of pigments (0=absent and 1=present). Scoring of each tissue
sample represented the mean score of ten different high microscopic power fields.
Morphometry

Images were submitted using the microscope program to cal-

culate areas of lymph nodes at 100X magnification for 10 different

fields per section. Lymph node volumes were determined according to the formula: a sphere's volume is V= 4/3 πr3. For 10 different

fields per section, macrophages were counted at 400X magnification. Macrophage areas were determined, and volumes were estimated according to the spherical volume formula.
Immunohistochemistry

Spleen paraffin sections were deparaffinized and rehydrated.

sections were immersed in citrate buffer (pH 6) and heated in microwave for 5 minutes. Sections were blocked with peroxidase so-

lution for 10 minutes. Sections were incubated with the primary
antibody over night at 4˚C anti-malondialdehyde (Anti-MDA ab

94671) and anti-neutrophils (Anti-NIMP-R14 ab2557). Sections
were incubated with secondary antibody for 30 minutes followed
by avidin-biotin complex for 30 minutes. Sections were incubated

with DAB for 10 minutes and then with Mayer’s hematoxylin counter stain. Sections were subjected to (IHC Tool Box – Image J sys-

tem) for nuclei stained with H-DAB for neutrophils counting in 20
field x 200 mag per each group, then results analyzed statistically
by SPSS (17).

Statistical analysis
Data was subjected to ANOVA test by (SPSS 17), values are con-

sidered significant at p ≤ 0.05. Data expressed as mean ± SEM.
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Results
Beta vulgaris (beetroot) regulated the liver and kidney functions tests that disturbed due to diclofenac treatment
As shown in table 1, treatment of mice with diclofenac resulted

in significantly raising of liver enzymes (AST, ALT, ALP) activity levels and BUN levels compared to control group (p ≤ 0.05). Where-

as, pre- treatment with beetroot fresh juice to diclofenac 1 hour
revealed significant decrease of liver enzymes activities and BUN

level compared to the treated group with diclofenac only (p ≤ 0.05),

although, it still significantly higher than control group (p ≤ 0.05).
The creatinine levels showed no change among the groups.
Groups
Control

Beet root

Diclofenac
Diclofenac
+ beetroot

AST
80 ±
0.1
82 ±
0.1
212 ±
0.2*a
103 ±
0.1*a,b

ALT
42 ±
0.1
42 ±
0.2
88 ±
0.3*a
49 ±
0.4*a,b

ALP
135 ±
0.1
138 ±
0.3
200 ±
0.4*a
150 ±
0.4*a,b

BUN
25 ±
0.1
28 ±
0.2
48 ±
0.1*a
30 ±
0.2*a,b

Creatinine
0.3 ± 0.1
0.3 ± 0.1
0.3 ± 0.1
0.3 ± 0.1

Table 1: The effect of Beta Vulgaris (beetroot) on liver the liver

Data=mean ± SEM.

and kidney functions tests.

*a=significant difference against control group

*b=significant difference against diclofenac group

Figure 1: The effect of beetroot on splenic pathological changes
diclofenac – induced.

Photomicrographs of spleen tissue (1A) control spleen show-

ing white pulp (WP), red pulp (RP), macrophage (arrow), (1B)

spleen of mice treated with beetroot juice displaying abundant
white pulp (WP), red pulp (RP), activation for macrophages

(arrows), (1C) spleen of mice treated with diclofenac revealing
diffused white pulp, macrophage (black arrow), necrotic foci

(green arrows), (1D) spleen of mice pre-treated with beetroot
juice to diclofenac showing improved section, numerous giant
macrophages (arrows) (HE-400X).

Beta vulgaris (beetroot) ameliorated pathological alterations

Beta vulgaris (beetroot) reduced the pathological scoring sys-

diclofenac-induced

tem raised due to diclofenac treatment

The control splenic tissue showed normal structure that white

The pathological scoring system of normal control spleen re-

pulp was well-defined than red pulp, a few number of macrophages

sembled by 2, the score of mice treated with beetroot juice scored

crease of macrophages (Figure 1B). Whereas, the spleen of mice

pronounced diffusion of white pulp in red pulp, heavy incidence

and granular cells (Figure 1A), also the spleen of mice treated with
beetroot juice revealed no pathological alterations with some in-

treated with diclofenac displayed marked pathological signs as

diffusion of white pulp in the red pulp with many necrotic foci
filled with inflammatory granular cells (Figure 1C). While, the pretreated mice with beetroot juice to diclofenac treatment showed

less diffusion of white pulp in the red pulp besides to activation of
macrophages (Figure 1D).

3 due to the activation of macrophages. Whereas, diclofenac treat-

ment highly raised the pathological score to reach 8 because of

of granulocytes and congestion of red pulp but mice pre-treated
with beetroot juice to diclofenac treatment resulted in decrease
of pathological score that raised by diclofenac treatment to reach

6 because of reduction of diffusion and granulocytes but intense
presence of macrophages (Table 2).
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Score Criteria Control Beetroot Diclofenac
The diffusion
of white pulp
in the red pulp
Number of
macrophages
Number of
granular cells
Congestion of
red pulp
Hyaline
degeneration
Presence of
pigments
Total

Beetroot
and
diclofenac

0

0

3

1

1

2

1

3

0

0

1

0

1
0
0
2

1
0
0
3

3
0
0
8

2
0
0
6

Table 2: The effect of Beta Vulgaris (beetroot) on the splenic
pathological scoring system raised by diclofenac.

The effect of Beta vulgaris (beetroot) treatment to adjust the
morphometric measurements that desolated due to diclofenac treatment
As shown in table 3, diclofenac treatment significantly de-

creases the areas and volumes of lymph nodes in the spleen tissue

compared to control and the group treated with beetroot juice (p ≤
0.05). Whereas, the pre-treatment with beetroot juice to diclofenac

treatment displayed significant increase of lymph nodes areas and

volumes compared to the treated group with diclofenac only, but it
still significantly less than control group. Table 4 revealed that both

treatment with beetroot juice and diclofenac only caused insignificant increase of macrophages count (p≥0.05) compared to control

group. While the pre-treated group with beetroot juice to diclof-

enac treatment resulted in significant increase of macrophages
count (p ≤ 0.05) compared to control group. Additionally, it was
found that treatment with beetroot juice only or as pre-treatment

to diclofenac significantly (p ≤ 0.05) increased the areas and vol-

umes of macrophages compared to control and group treated with
diclofenac, so macrophages looked larger.

The immunohistochemical analysis against malondialdehyde
(Anti-MDA) and neutrophils (Anti-NIMP-R14)
Spleen of control mice and treated with beetroot juice stained

against MDA and Anti-NIMP-R14 exhibited slight immune re-

Groups
Control

Beet root

Lymph nodes areas
x104 µm2

Lymph nodes
volumes x104 µm3

154 ± 0.5

180 ± 0.5

112 ± 0.4*a,b

111 ± 0.4*a,b

152 ± 0.1

Diclofenac

176 ± 0.1

51 ± 0.4

34 ± 0.4*a

*a

Diclofenac +
beetroot

38

Table 3: The effect of Beta Vulgaris (beetroot) treatment on lymph
nodes areas and volumes decreased by diclofenac treatment.

Data=mean ± SEM

*a=significant difference against control group

*b=significant difference against diclofenac group.
Groups

Macrophages
Macrophages Macrophages
volumes
x103
count
areas x103 µm2
3
µm

Control

1 ± 0.2

Beet root

Diclofenac
Diclofenac
+ beetroot

2.6 ± 0.4

0.39 ± 0.4

3 ± 0.3

5.2 ± 0.6*a,b

1.1 ± 0.6*a,b

5 ± 0.3*a,b

7 ± 0.5*a,b

1.7 ± 0.5*a,b

2 ± 0.0

3.4 ± 0.4

0.58 ± 0.4

Table 4: The effect of Beta Vulgaris (beetroot) treatment on the
count , areas volumes of macrophages

Data=mean ± SEM.

*a=significant difference against control group

*b=significant difference against diclofenac group.

sponse represented by a few number of stained cells (Figure
2A,3A, 2B, 3B) and low optical density of images. Whereas, spleen

tissue of mice treated with diclofenac displayed intense immune

response against MDA and Anti-NIMP-R14, significant number of
cells stained versus MDA and Anti-NIMP-R14 (Figure 2C,3C) and

significantly high optical density (p ≤ 0.05) compared to control

group. Moreover, spleen of pre-treated mice with beetroot juice to
diclofenac showed moderate immune response against MDA and

Anti-NIMP-R14 with less stained number of cells (Figure 2D,3D)
and significant lowered optical density (p ≤ 0.05) compared to the
group treated with diclofenac only (Table 5,6).

Photomicrographs of spleen tissue stained immunohistochemi-

cally against NIMP (3A) control spleen revealing a few number of
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Figure 2: The immune response against MDA.

Photomicrographs of spleen tissue stained immunohistochemically against MDA (2A) control spleen revealing faint immune

response (arrow), (2B) spleen of mice treated with beetroot
juice displaying weak immune response (arrow), (2C) spleen of

mice treated with diclofenac revealing intense immune response
(arrow), (2D) spleen of mice pre-treated with beetroot juice to
diclofenac showing moderate immune response. (ABC-400X).

neutrophils (arrows), (3B) spleen of mice treated with beetroot

juice displaying also a few number of neutrophils (arrows), (3C)
spleen of mice treated with diclofenac revealing great number of
neutrophils (arrows), (3D) spleen of mice pre-treated with beetroot juice to diclofenac showing less number of neutrophils (arrows). (ABC-400X).
Groups

Control

Beet root

Diclofenac

Diclofenac +
beetroot

cells stained against
MDA

Optical density

1 ± 0.03

0.12 ± 0.02

2 ± 0.05

28 ± 0.04*a
6 ± 0.02*b

0.14 ± 0.02

0.33 ± 0.01*a

0.21 ± 0.03*a,b

Table 5: Counting of cells stained against Anti-MDA and images

Data=mean ± SEM

optical density.

*a=significant difference against control group

*b=significant difference against diclofenac group.

Figure 3: The immune response against NIMP.

Photomicrographs of spleen tissue stained immunohistochemically against NIMP (3A) control spleen revealing a few number of

neutrophils (arrows), (3B) spleen of mice treated with beetroot
juice displaying also a few number of neutrophils (arrows), (3C)
spleen of mice treated with diclofenac revealing great number

of neutrophils (arrows), (3D) spleen of mice pre-treated with

beetroot juice to diclofenac showing less number of neutrophils
(arrows). (ABC-400X).
Groups
Control

Beet root

Diclofenac

Diclofenac +
beetroot

Cells stained
against Anti-NIMP

Optical density

7 ± 0.06

0.14 ± 0.04

6 ± 0.03

30 ± 0.02*a

18 ± 0.04*a,b

0.15 ± 0.08

0.30 ± 0.02*a

0.20 ± 0.05*a,b

Table 6: Counting of cells stained against Anti-NIMP and images

Data=mean ± SEM

optical density.

*a=significant difference against control group

*b=significant difference against diclofenac group.

Discussion

Diclofenac is considered a one of the most important triggers

for hepatorenal damage which in turn commitment to disturbance
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in liver and kidney functions. Thus, liver and kidney functions tests

other study pointed out that reduced DNA damage of splenocytes

were flown in the circulatory blood lead to elevation of liver en-

clofenac to clarify that beetroot could improve the spleen by re-

were used commonly as biomarkers reflecting its damage. While

hepatocytes of liver exposed to damage its secretions of enzymes
zymes activities [13-15]. Several studies declared that administration of diclofenac especially long term treatment resulted highly

significant increase of liver enzymes (ALT, AST and ALP) [15-17].
The present findings coincided with the previous studies that

treatment with diclofenac for four weeks resulted in significant el-

evation of liver enzymes activities which attributed to liver cells
damage.

Blood urea nitrogen (BUN) are the filtrated products eliminated

attributed to gamma rays irradiation [29]. The present work demonstrated the effect of beetroot juice on the spleen injured by diducing the diffusion of white pulp, increasing lymph nodes areas

and volumes, decreasing the count of neutrophils and detraction of
MDA incidence but also it was markable the great increasing in the

count and size of macrophages. The noticeable improvement might

be attributed to the bioactive agents in the beetroot which could
play an important role in the immunity system.

Conclusion

Diclofenac is a non-steroid drug triggers marked changes in the

by kidneys and their levels increasing considered a biomarker for

spleen tissue besides to oxidative stress. Whereas, the pre-treat-

in plasma [17,18]. The present results illustrated that diclofenac
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