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Abstract
Excessive intake of non-steroidal anti-inflammatory drugs such as, diclofenac sodium (DS) may lead to toxicity 
in the rats. In this work, we aimed to examine the protective impact of lentil extract (LE) and folic acid (FA) on 
the hematological markers, the kidney tissue oxidative stress and the renal function against diclofenac sodium 
(DS) in male albino rats. The rats (120-150 g) were divided into four equal groups randomly, the first group kept 
as the untreated control. The second group was administrated with DS (11.6 mg/kg b.wt. orally once/day). The 
third group was received DS+FA (11.6 mg/kg b.wt.+76.9 microgram/kg b.wt.) orally once/day. The fourth group 
was treated with DS+LE (11.6 mg/kg b.wt.+500 mg/kg b.wt.) orally once/day. After four weeks, the results revealed 
that DS produced a significant decrease in the values of red blood cells (RBCs), hemoglobin concentration (Hb), 
hematocrit (HCT) and white blood cells (WBCs). On the other hand, there was a significant increase in the platelets 
count. Also, DS induced a renal deterioration; this was evidenced by the significant increase in the serum levels 
of urea, creatinine, uric acid, Na, Ca, Mg as well as the nitric oxide (NO) level in the kidney tissue. Also, there 
were a significant reduction in the serum levels of potassium (K) and reduced glutathione (GSH) in the kidney 
homogenates. Moreover, the findings in the rats treated by DS+LE or DS+FA showed a potential protection on the 
hematological markers, oxidative stress in the kidney tissue and the renal function disturbed by DS.
LE and FA could play a potent role for the prevention the adverse hematological, the kidney tissue oxidative stress 
and the renal dysfunction caused by DS via their anti-oxidative and bioactive phytochemicals.
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Resumo
A ingestão excessiva de anti-inflamatórios não esteroidais, como o diclofenaco de sódio (DS), pode causar toxicidade 
em ratos. Neste trabalho, objetivamos examinar o impacto protetor do extrato de lentilha (LE) e ácido fólico (AF) em 
marcadores hematológicos, no estresse oxidativo do tecido renal e na função renal contra o diclofenaco de sódio 
(DS) em ratos albinos machos. Os ratos (120-150 g) foram divididos em quatro grupos iguais aleatoriamente, sendo 
o primeiro grupo mantido como controle não tratado. O segundo grupo foi administrado com DS (11,6 mg / kg de 
peso corporal por via oral uma vez / dia). O terceiro grupo recebeu DS + FA (76,9 mg / kg de peso corporal por via 
oral uma vez / dia). O quarto grupo foi tratado com DS + LE (500 mg / kg de peso corporal por via oral uma vez / 
dia). Após quatro semanas, os resultados revelaram que o DS produziu uma diminuição significativa nos valores de 
glóbulos vermelhos (RBCs), concentração de hemoglobina (Hb), hematócrito (HCT) e glóbulos brancos (WBCs). Por 
outro lado, houve um aumento significativo na contagem de plaquetas. Além disso, o DS induziu uma deterioração 
renal; isso foi evidenciado pelo aumento significativo dos níveis séricos de ureia, creatinina, ácido úrico, Na, Ca, 
Mg e também do nível de óxido nítrico no tecido renal. Além disso, houve uma redução significativa nos níveis 
séricos de potássio (K) e glutationa reduzida (GSH) nos homogenatos renais. Além disso, os achados nos ratos 
tratados com DS + LE ou DS + FA mostraram uma proteção potencial sobre os marcadores hematológicos, estresse 
oxidativo no tecido renal e função renal perturbada pelo DS. LE e AF podem desempenhar um papel potente na 
prevenção do estresse hematológico adverso, do estresse oxidativo do tecido renal e da disfunção renal causada 
pelo DS por meio de seus fitoquímicos antioxidantes e bioativos.
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(family: Leguminoceae), is considered as one of the most 
important traditional dietary components (FAO, 1998). 
It was reported that lentils world production was about 
2.83 million metric tons for 2008 (FAOSTAT, 2011). It is 
a significant dietary source of vitamins including folate, 
thiamin (B1) and riboflavin (B2) (USDA, 2011). LE had a 
higher Oxygen Radical Absorbing Capacity (ORAC) value 
more than the common fruits and vegetables including 
apples, pears, blackberries, figs, cherries, cabbage, oranges, 
garlic, and almonds (USDA, 2010). Lentil seeds are used 
today in the folk medicine to treat different illnesses. 
They are used to treat diabetes, the treatment of burns 
and topically as a water paste to treat skin infections 
(Faris et al., 2013).

This work was designed to estimate the toxic effect 
of DS and the protective effect of the treatment with FA 
and LE in the rats treated with DS on some hematological 
parameters, oxidative stress tissue markers of the kidney 
(NO and GSH), the serum markers of kidney damage (urea, 
uric acid and creatinine concentrations) and the electrolytes 
levels (Sodium, Calcium, Potassium, and magnesium).

2. Methods

2.1. Medicinal plants and chemical compounds

2.1.1. Drugs used in the experiment were:

Diclofenac sodium (DS) tablets (diclac, 150 mg/kg), 
manufactured by Minapharm, Hexal AG, Egypt. The dose 
of DS (11.6 mg/kg b.wt. orally once/day) were calculated 
by the equivalent therapeutic dosages of human-mouse 
conversion factor (Paget and Barnes, 1964), and were 
given for four weeks.

Folic acid (FA) tablets (1000 mcg/kg) were obtained 
from Sigma Chemical Company, Louis, MO, USA., the dose 
of folic acid (76.9 microgram/kg b.wt. orally once/day) 
were calculated by the equivalent therapeutic dosages 
of human-mouse conversion factor (Paget and Barnes, 
1964), and were given for four weeks.

Lentil Extract (LE) Preparation: the dry seeds of red 
lentil were obtained from a farm, Egypt. 500 g red lentil 
seeds were crushed into small pieces and soaked in a 
70% aqueous-ethanol solution in a large container for 3 
days with regular shaking. Then, it was filtered by a clean 
cotton cloth and dried using a rotary evaporator at 40°C 
for 8 hours to produce a 20-gm powder and was diluted 
with distilled water to obtain the appropriate used oral 
dose of LE (500 mg/kg b.wt.) (Houshmand et al., 2016).

2.2. Animals and experimental design

Adult male rats (120-150 g) were obtained from 
Schistosoma Biological Supply Program (SBSP), Theodor 
Bilharz Research Institute, Cairo, Egypt. They were kept 
under normal conditions during the whole period of the 
experiment. All rats were fed on standard food, and they 
were allowed free access to water and food, with 12-
hour day and night cycle. They were kept for 10 days for 
the adaptation before the beginning of the experiment. 

1. Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are 
usually used in the case of acute muscle pain conditions, 
for their analgesic properties and their anti-inflammatory 
activities (Crofford, 2013). The use of normal doses from 
NSAIDs causes gastrointestinal incompatibility. However, 
the high doses consumption of these drugs may lead to 
toxicity (Laneuville et al., 1994), ranging from acute to 
long-term chronic disorders, including renal diseases and 
cardiovascular disorders (Essex et al., 2013), and affect 
oxidative balance in the body (Yapar et al., 2008). Diclofenac 
sodium (DS) is one of these NSAIDs used to decrease 
arthritis-associated pain and inflammation (Blair and 
Plosker, 2015; Hoy, 2016). It is absorbed efficiently from the 
gastrointestinal tract and has a short elimination half-life 
of 2-3 hours in most species, with an average of 1.5 hours 
in plasma and accumulates at the site of inflammation and 
persists in synovial fluid (El-Maddawy and El-Ashmawy, 
2013). Diclofenac could induce hepatorenal toxicity (Alabi 
and Akomolafe, 2020), and it may cause many changes 
in some organs of the body, such as kidney, heart, and 
stomach (Abdel-Daim et al., 2018).

B vitamins group are a water-soluble including folic acid 
(FA), thiamine, biotin, riboflavin, pyridoxine, cobalamin, 
inositol, choline, and para-aminobenzoic acid (Ponce-
Monter  et  al., 2012). Folate is required for purine and 
pyrimidine nucleotides synthesis (precursors of DNA 
and RNA, respectively), and for the metabolism of several 
amino acids including homocysteine (Lucock, 2000). The 
deficiency of folate may lead to folate-dependent metabolic 
pathways disruption, causing the development of clinical 
abnormalities starting from anemia to growth retardation 
(Krishnan and Kiernan, 2009). Some of these vitamins 
used alone or in combination with diclofenac or other 
NSAIDs for many painful diseases like polyneuropathies 
and the spinal column degenerative diseases, and the 
inflammation treatment resulting from the deficiency of 
the vitamin (Mibielli et al., 2009).

Previous research reported that FA administrations 
can alleviate the risk of cardiovascular and hematological 
diseases (Verhaar et al., 2002). Also, FA has the ability to 
ameliorate oxidative induced kidney damage by lowering 
levels of lipid peroxidation and stimulating the antioxidant 
defense system (Ebaid et al., 2020). In fact, FA has been 
reported to alleviate the hyperhomocysteinemia and its 
associated endothelial dysfunction (Moens et al., 2008). 
Moreover, the anti-inflammatory effect of FA is proved by 
the decreasing levels of C-reactive proteins and interleukin 
(Solini et al., 2006).

Usage of the plants in medicine for both curative and 
preventive is an age-long practice in the world. About 
80% of the population depends on preparations of these 
plants as medicine for their health demands (Ogbera et al., 
2010). Today, pulses are important in the field of functional 
foods and developing healthy. Numerous articles reviewed 
the nutritional components and the phytochemicals 
bioactive of pulses and their uses for the health (Dilis and 
Trichopoulou, 2009). Lentils had gained much interest due 
to their unique nutritional and functional characteristics 
(Faris et al., 2013). The lentil extract (LE), Lens culinaris 
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An animal experiment was conducted according to the 
guidelines of the institutional animal ethics committee 
in accordance with the university.

After animals being acclimatized with the experimental 
conditions, they were divided into four groups randomly 
(6 animals each). Group (1) normal rats kept as the 
untreated rats and act as control. Group (2) animals 
administrated orally with DS (11.6 mg/kg b.wt. once/day). 
Group (3) animals administrated orally with DS (11.6 mg/
kg b.wt. once/day) + FA (76.9 microgram/kg b.wt. once/
day). Group (4) animals administrated orally with DS (11.6 
mg/kg b.wt. once/day) + LE (500 mg/kg b.wt. once/day).

2.3. Blood and tissue sampling

After four weeks of administration, animals have fasted 
overnight, the rats were anesthetized with chloroform and 
the blood were collected into vacutainer collecting tubes 
from the retro-orbital plexus and left 20 minutes to clot, 
then centrifuged at 3000 rpm for 10 minutes using cooling 
centrifuge. The sera were separated, and stored at -20°C. 
After blood collection, the animals were dissected and the 
kidney of each animal was dissected out, washed with 
saline, dried, rolled in aluminum foil piece, and stored at 
-80°C for antioxidant determinations.

2.3.1. Determination of hematological parameters

Blood samples were collected on heparinized capillary 
tubes for haermatocrit value (HCT). It is measured after 
entering the blood into a capillary tube plugged by plastic 
seal and centrifuged for 5 min at 1200 r.p.m. (Rodak, 1995). 
Red and white blood cells were counted by improved 
haemocytometer (Dacie and Lewis, 1991). Hemoglobin 
concentration was estimated in gm/dl blood (Dacie and 
Lewis, 1991). Platelets count also was performed by the 
method of Dacie and Lewis (1991).

2.3.2. Biochemical analysis

Urea and uric acid were estimated according to Young 
(2001). Creatinine was measured according to Bartels 
and Bobmer (1972) method. Sodium and potassium 
were determined according to Tietz (1987), calcium was 
estimated according to Faulker and Meites (1982) method. 
Determination of magnesium in blood sera was recorded 
according to Szívós and Pungor (1974).

2.3.3. Determination of Nitric Oxide (NO) and Reduced 
Glutathione (GSH) in the kidney tissue homogenates

Nitric oxide was determined calorimetrically according 
to the method described by Montgomery and Dymock 
(1961), and reduced glutathione was measured by the 
method of Beutler et al. (1963).

2.4. Statistical analysis

The obtained data were statistically analyzed using 
SPSS program (Version 16) Glantz (1992). Significant 
differences among groups were determined by one-way 
analysis of variance (ANOVA). This was followed by post 
hoc test using Duncan test to compare significance between 
groups at p-value < 0.05.

3. Results

Table 1 showed that the administration of diclofenac 
sodium (DS) orally at 11.6 mg/kg b.wt. once/day leads to 
a significant reducing in RBCs, Hb, HCT and WBCs values 
compared to the control rats. Whereas the platelets count 
showed a significant increase comparing with the control 
ones. On the other hand, the treatment with DS plus folic 
acid (FA) and the DS plus lentil extract (LE) showed normal 
values in these hematological markers. Co-administration 
of DS+FA or DS+LE was significantly prevented to some 
extent the changes recorded in the DS group in these 
parameters as compared with the control group.

In comparison to the control group, the animals treated 
with DS showed a significant increase in the serum urea, 
uric acid, and creatinine levels. Whereas the animals those 
were treated with DS combined with FA and DS combined 
with LE showed a significant decrease in the urea, uric 
acid and creatinine levels in compared to animals that 
received DS only (Table 2).

Table  3 shows the effect of DS on sodium, calcium, 
potassium, and magnesium levels; the obtained data 
declared that administration of DS induced a significant 
elevation in the serum sodium, calcium and magnesium 
levels coupled with the reduction in the serum potassium 
level, when all were compared to the control group. With 
respect to group of the animals treated with combination 
between DS plus FA or DS plus LE, the animals revealed 
a significant alleviating in the serum sodium level with a 
marked increase in the potassium level comparing with DS 

Table 1. Effect of orally administrated DS, DS+FA and DS+LE on the hematological parameters in male albino rats.

Parameters Group I (C)
Group II 

(DS)
D %

Group III 
(DS+FA)

D%
Group IV 
(DS+LE)

D% p-value

RBCs (x106/mm3) 6.84a±0.10 3.41b±0.2 -50.15% 5.8c±0.3 -15.20% 5.7c±0.3 -16.6% *

Hb (g/dl) 13.5a±0.23 6.7 b±0.31 -50.37% 12.82a±0.4 -5.04% 11.7c±0.3 -13.33% *

HCT (%) 35.33a±0.3 20.4b±0.34 -42.26% 35.3a±0.8 -.08% 29.2c±0.6 -17.35% *

PLT (×103/mm3) 398.33a±0.9 515.33b±2 29.4 804.33c±3.8 101.9 490.8d±2.8 23.21 *

WBCs (× 109 /L) 13.7a±0.22 3.9b±0.15 -71.53% 13.2a±0.4 -3.65% 13.3a±0.4 -2.92% *

*Values represent mean ± S.E. % D: Percentage difference [ (Treated value – Control Value) / Control Value] x 100 Different letters indicate 
significantly different means p-value < 0.05; Same letters indicate non-significant changes.
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group. Calcium level showed an elevation when compared 
with control and DS treated groups. Finally, magnesium 
level revealed a slight decrease when compared with 
DS group.

Comparing with the control group, administration of DS 
adverse the kidney oxidative stress parameters including, 
the nitric oxide (NO) and reduced glutathione (GSH) 
levels. The results showed a significantly raised of NO 
and depleted GSH levels. On the other side and comparing 
with DS treated group, the animals treated with DS plus 
FA or DS plus LE showed a marked improvement in the 
kidney oxidative stress battery by restoring NO and GSH 
levels to the control values (Table 4).

4. Discussion

Administration of the high dose of non-steroidal anti-
inflammatory drugs (NSAIDs) such as diclofenac sodium 
produces several adverse reactions. The purpose of this 
research was to determine the protective effects of the 
administration of folic acid (FA) (vitamin B9) and lentil 
extract (LE) orally against the disturbance induced by 
the diclofenac sodium (DS) on hematological markers, 
oxidative stress in the kidney tissue, kidney function and 
the levels of some electrolytes in male rats.

Hematological estimation gives important information 
on the body’s response to all forms of injury, such as toxic 

injury (Ihedioha et al., 2004). The current results showed 
that the oral administration of DS at 11.6 mg/kg b.wt. 
stimulated a significant reduction in the RBCs, Hb, HCT and 
WBCs but the platelets count revealed a significant increase 
compared to the control rats. These results suggested that 
the hematotoxic effects of DS administration to the rats 
characterized by excessive destruction of red blood cells 
resulting in anemia (Enendu et al., 2016). It may also be 
due to loss of erythrocytes as a result of gastrointestinal 
bleeding. When there is a substantial loss of blood from 
the body, the RBCs picture may indicate microcytic 
hypochromic anemia. Similar findings were observed 
by El-Maddawy and El-Ashmawy (2013), who reported 
that the administration of DS to male rats (13.5 mg/kg by 
i/m route for 14 days) induced a significant decrease in 
RBCs, PCV, Hb and WBCs values compared to the control. 
The significant decrease in WBCs count observed may 
be attributed to the decrease in feeds consumption, due 
to the debilitating effects of DS (Orinya et al., 2016). The 
elevation in the count of platelets may be due to increased 
megakaryocytes number in the bone marrow. Since, the 
platelets count is increased in iron deficiency anemia and 
correlated inversely with level of hemoglobin (Soltan, 2013).

The supplementation with FA or LE with DS revealed an 
improvement in the hematological markers. As, FA which 
is necessary for the synthesis of DNA, therefore it needed 
by all dividing body cells, particularly haematopoietic cells 

Table 2. Effect of orally administrated DS, DS+FA and DS+LE on the urea, uric acid and creatinine levels in male albino rats.

Parameters Group I (C) Group II (DS) D %
Group III 
(DS+FA)

D%
Group IV 
(DS+LE)

D% p-value

Urea (mg/dl) 23.4a±0.3 44.6b±0.43 90.59% 31.2c±1 33.33% 24.5a±0.8 4.7% *

Uric acid (mg/dl) 1.1ac±0.1 1.7 b±0.1 54.54% 1.3ac±0.1 18.18% 1.3ac±0.1 18.18% *

Creatinine (mg/dl) 0.44a±0.02 0.67b±0.02 52.27% 0.51c±0.02 15.9% 0.5c±0.02 13.63% *

*Values represent mean ± S.E.  % D: Percentage difference [ (Treated value – Control Value)/Control Value] x 100 Different letters indicate significantly 
different means p-value < 0.05; Same letters indicate non-significant changes.

Table 3. Effect of orally administrated DS, DS+FA and DS+ LE on the calcium, sodium, potassium and magnesium levels in male albino rats.

Parameters
Group I 

(C)
Group II 

(DS)
D %

Group III 
(DS+FA)

D%
Group IV 
(DS+LE)

D% p-value

Sodium (mmol/l) 1.36a±0.5 1.66b±1 22.06% 1.43c±1 5.15% 1.36a±0.8 0% *

Potassium (mmol/l) 5.9 a±0.1 4.37b±0.23 -5.93% 6.7c±0.14 13.56% 7.2d±0.23 22.03% *

Calcium (mg/100ml 9.23a±0.1 9.98b±0.1 8.12% 10.13b±0.2 9.75% 10.4bc±0.14 12.68% *

Magnesium (mmol/l) 1.48a±0.48 2.02b±0.1 36.49% 1.72c±0.1 16.22% 1.83bc±0.1 23.65% *

*Values represent mean ± S.E. % D: Percentage difference [ (Treated value – Control Value)/Control Value] x 100 Different letters indicate significantly 
different means p-value < 0.05; Same letters indicate non-significant changes.

Table 4. Effect of orally administrated DS, DS+FA and DS+ LE on the NO and GSH levels in male albino rats.

Parameters
Group I 

(C)
Group II 

(DS)
D %

Group III 
(DS+FA)

D%
Group IV 
(DS+LE)

D% p-value

NO (µmol/g) 0.24a±0.01 0.34b±0.02 41.67% 0.2a±0.01 -16.67% 0.2a±0.02 -16.67% *

GSH (mmol/g) 0.3a±0.02 0.1 b±0.01 -200% 0.3a±0.02 0% 0.3a±0.01 0% *

*Values represent mean ± S.E. % D: Percentage difference [ (Treated value – Control Value)/Control Value] x 100 Different letters indicate significantly 
different means p-value < 0.05; Same letters indicate non-significant changes.
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in the bone marrow (Samson et al., 2012), and the cooked 
lentils containing 9.6 mg/100g iron (Teclu et al., 2009). 
Also, the lentils showed higher folate concentration (479 
μg/100g) (Singh, 2018).

Imbalance between the generation of reactive oxygen 
species (ROS) or reactive nitrogen species (RNS) and 
the antioxidant defense system causes oxidative stress 
(Juránek and Bezek, 2005). ROS and oxidative stress can 
accelerate the pathogenesis and acute renal dysfunction 
(Mahmoud et al., 2015). ROS are produced in the body 
and are deactivated by enzymatic (superoxide dismutase, 
catalase, glutathione peroxidase, etc.) or non-enzymatic 
(vitamin A, vitamin C, glutathione, etc.) substances 
(Macdonald et al., 2003).

Normally, oxidants and antioxidants are in balance 
in the body. The NSAIDs can alter oxidative balance in 
the body (Konyalioglu  et  al., 2007). The mechanism of 
diclofenac-induced mitochondrial injury may be involved 
in the generation of ROS, causing renal tissue oxidative 
stress (Hickey et al., 2001).

In the present work, DS administration significantly 
reduced renal GSH level and increased the NO level. These 
findings were in accordance with (Martin and Sabina, 
2016). The role of GSH, as non-enzymatic antioxidant, 
is very important to fight the free radicals resulted from 
toxic chemicals (Chen  et al., 2012). Thus, the ability of 
renal tissue to overcome the oxidative stress damage 
caused by DS is reduced.

Whereas the present findings mainly showing the 
improvement effect of FA and LE on DS induced renal stress 
in the rats. As, there were a significant increase of GSH level 
and a significant decrease in NO level comparing with DS 
treated group. These results confirm the biochemical data 
in the previous studies which suggested that FA and LE 
have strong oxygen radical absorbing capacity. Oxidative 
stress markers were ameliorated by FA supplementation 
may be due to its direct effect on free-radical oxidation 
of LDL lipids (Lee et al., 2011). Also, FA has an antioxidant 
effect, it is reported that its administration decreases the 
production of ROS (Mutavdzin et al., 2019). The significant 
result of LE was due to its ability in restoring renal function 
by restoring antioxidants and preventing cellular damages. 
Since, the lentil herb has most of the essential nutrients 
to a person’s diet, it contains high levels of vitamins 
(folates), protein (20%–30%) and prebiotic carbohydrates 
(Thavarajah et al., 2015).

Kidney is the main organ necessary for maintaining 
body homeostasis, it is a major target for many toxins. 
Some drugs distort renal perfusion and reduce its filtration 
capacity, while others directly damage vascular, glomerular, 
tubular, and interstitial cells (Choudhury and Ahmed, 
2006). The results of the present work revealed that, the 
co-administration of FA or LE with DS induced a decrease 
in the elevated serum levels of urea, uric acid, creatinine, 
sodium, calcium, and magnesium in rats as compared 
with the DS treated rats. On the other hand, it induced 
an increase in potassium serum level comparing with 
SD group. The serum levels of blood urea, uric acid and 
creatinine are indicator markers reflecting the adequate 
functions of the kidney (Gowda et al., 2010).

The increase in the serum urea, uric acid and creatinine 
levels in the present study by DS treatment are in line with 
the previous findings (Adaramoye et al., 2016). Urea is the 
principal waste product of protein catabolism. Diclofenac 
sodium probably causes a decrease in glomerular filtration 
rate (GFR), resulting in decreased excretion of urea, which 
may produce an increase in the concentration of the 
blood urea (Ahmad et al., 2012). Diclofenac inhibits both 
cyclooxygenases and prostaglandins production, which 
play an important role in maintaining GFR of the kidneys 
(Dhanvijay et al., 2013). Uric acid is the metabolic product 
of purine metabolism, when the uric acid metabolic 
pathway is disrupted, either by over-production of 
uric acid due to increased purine intake or decreased 
excretion of uric acid from the kidney due to impaired 
renal function, hyperuricemia develops and the risk of 
having gout increases substantially (Lai  et  al., 2008). 
Also, previous studies have proved that an increase in 
serum creatinine can represent a marked decrease in the 
glomerular filtration rate (Salomon et al., 2003). Thus, 
diclofenac sodium may alter renal functions through 
its effect on renal prostaglandins, leading to reduced 
GFR and accumulation of urea, uric acid and creatinine 
in the blood.

Serum electrolytes estimations are among the tests of 
kidney function. The significant elevations in the serum 
electrolytes including, sodium, calcium, magnesium 
levels seen in this study may be due to the toxic effect of 
DS on the kidneys, resulting in reduced GFR and excretion 
of the ions (Dhanvijay et al., 2013). The kidneys secrete 
potassium (K+) ions, reabsorbs 85% of sodium (Na+) 
and also functions in the excretion of these electrolytes 
(ions), in order to keep acid-base balance under normal 
physiological conditions (Vasudevan and Sreekumari, 
2007). Failure in the regulatory functions of the kidney 
leads to abnormally high or low levels of these ions in 
the blood, due to reduced GFR and rate of secretion 
of these ions. The inhibition of renal prostaglandins 
synthesis by NSAIDs causes various disturbances 
in the electrolytes and acid-base including sodium 
retention, and decreased renal function (Kim and Joo, 
2007). Whereas the FA and LE significantly improved 
these changes induced by DS in the renal failure and 
electrolytes levels (Sakr et al., 2018).

The improvement in the renal function and serum 
electrolytes levels were observed in the present study 
could be attributed to the ability of FA and LE to improve 
GFR. In addition, the antioxidant activity of both FA 
and LE as mentioned before may be additional factor 
role in improving the renal functions. Lentils have 
prospective health benefits as complementary and 
alternative medicines, which are present in the form of 
anti-inflammatory, nephroprotective, antioxidant and 
chemopreventive activities (Ganesan and Xu, 2017). Also, 
the mineral content of lentils is composed of relatively 
high levels of magnesium, potassium, calcium, and sodium. 
Lentils have a low content of sodium and a relatively 
high potassium contents, that makes the lentils quite 
attractive as an important healthy diet for hypertensive 
patients (Demirbas, 2005).
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5. Conclusions

In conclusion, the hematological and renal problems, 
including renal dysfunctions, oxidative stress and 
electrolytes imbalance induced by the treatment with 
diclofenac sodium might be improved by the folic acid 
and lentil extract administration.
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