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Abstract
Nephrotoxicity induced by exposure to environmental pollution including herbicides is became global problem. Natural
products are the prime alternative of scienti c research as they express better medicinal activity and minor side effects
compared with variety of synthetic drugs. This study was performed to evaluate the nephroprotective pro ciency of Arabic
gum against butralin-induced nephrotoxicity. Adult female rats were supplemented with Arabic gum (4.3 g/kg b.wt) and/or
butralin (312 mg/L) in drinking water for 30 days. The results found that markers of serum kidney function, oxidative stress
biomarkers, DNA damage and expression of kidney speci c genes (Acsm2, ACE and ACE2) as well as histopathological
examination in treated rats were conducted. Butralin-treated rats showed a rise in serum creatinine, BUN and MDA as well as
decrease in activity of the antioxidant markers. In addition, butralin treatment increased the DNA damage, altered the
expression levels of Acsm2, ACE and ACE2 and elevated histopathological lesions in kidney tissues. Pretreatment of Arabic
gum prevented butralin-prompted degenerative changes of kidney tissues. The results suggested that the protective effect
provided by Arabic gum on renal tissues exposed to the herbicide butralin could be attributed to enhancement of
antioxidants and increase the free radicals scavenging activity in vivo.

Introduction
In the agriculture pesticides are considered as cost-effectively important and their use has related with increase of crop
production globally. So, since 1950s using chemical compounds such as herbicides and insecticides for crop protection has
coincided signi cantly to improve productivity [1]. In contrast, the perseverance of agricultural chemical residues within the
environment may impress risk hazards to animals and humans [2]. Due to the widespread use of agrochemicals such as
like herbicides a bad contamination occurs in our environment, so it is become essential to determine the potential toxicity
of those chemicals on the surrounding organisms. These chemical compounds could induce biological, chemical and
physical risks and may provoke genetic, biochemical and physiological alterations causing pathological impacts in the
exposed organisms [3]. Several reports have been discussed the effect of variety of chemical substances inducing
mutagenic potential effects in the affected organism. It has been found that such chemical substances could be found in
pharmaceutical drugs, pesticides and food as well as in the mixtures of industrial and domestic e uents. It has been
reported that these chemicals can induce harmful inheritable alteration in the genome of the organisms even these
alterations are not expressed instantly [4]. Thus, various chemical compounds existing in the environment could provoke
mutations in the human genome exposed to high contamination levels and may be risk for human health [5].
Wide utilization of herbicides in agriculture has increased the worldwide agricultural productivity. In the same time, several
disadvantages have occurred due to herbicides consumption such as high cost of production, increase pathogens
resistance and threat to environment and organisms' biodiversity [6]. Moreover, transfer the herbicides residues into rivers,
waste water, and soil can affect the health of animals and human as well as other environmental compounds. So, several
health problems of animals and humans were occurred due to increase of the herbicides residues exposure such as
modulation of the immune system, endocrine disturbance, reproductive disorder, histopathological lesions and oxidative
stress [7, 8].
The oxidative stress attributed to herbicide exposure in mammalian cells is almost to enhancement of ROS generation and
inequity in the ratio of oxidant/antioxidant condition in the cells [9]. Consequently, ROS generation due to exposure to
herbicides can enhance the lipid peroxidation, DNA and cell damage [10, 11].
Cell protection against toxicity impacts of ROS generation is depending on role of enzymatic and non-enzymatic
antioxidants [12, 13]. Although kidney is considered as the essential organ in pesticide detoxi cation, its tissues are
sensitive to ROS elevation, oxidative stress degree and the imbalance between antioxidant capability lead to disorder and
damage of kidney tissues [14, 15]. So, one of toxicity possible mechanisms of pesticides at sub-lethal doses are inducing
oxidative stress in the form of ROS elevation [14, 16, 17]. From these pesticides are herbicides like dinitroaniline (such as
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butralin) which exhibiting several toxicological forms in the animals and humans. They are inducing endocrine disruption,
kidney injury, kidney boundaries and mutagenic alterations [18].
Arabic gum is plant products as sticky and dried exudates from the Acacia senegal (Leguminosae) stems. It contains
magnesium, calcium and potassium salts of the polysaccharides [19, 20]. Al-Majed et al. [21] and Elamin et al. [22] reported
that Arabic gum has been used in public medicine to reduce recurrence of hemodialysis in interminable renal disorder
patients. Moreover, Arabic gum exhibits diminish in urinary nitrogen discharge by urea removal expanding and decrease of
serum urea in rats and humans [23, 24, 25]. Furthermore, Arabic gum has been found to protect against gentamicin-inducing
nephrotoxicity [21]. They found that treatment of rats with Arabic gum prevented gentamicin-induced lipid peroxidation in
renal tissues, improved kidney function and histological lesions [21].
As far for our knowledge, there are no published data with regard to the nephroprotective impact of Arabic gum against
butralin intoxication. Along these lines, the current was conducted to study (a) the unfriendly impact of intense butralin
exposure on rat's kidney toxicity; (b) the possible mitigating effect of Arabic gum against acute butralin intoxication in rats.

Materials And Methods
Herbicide and kits
Butralin (Amex® 48 % EC) was gotten from CFPI (Compagnie Francaise de Produits Industriels) Agro SA, France. Serum
kidney function and oxidative stress kits i.e. creatinine, urea, total protein, total antioxidant capacity, catalase, glutathione
peroxidase and lipid peroxide were obtained from Biodiagnostic Co., Dokki, Giza, Egypt. Trizol was bought from Invitrogen
(USA). The reverse transcription and PCR kits were obtained from Fermentas (USA). Arabic gum (pure) was purchased from
SAGA company, Sudan. All other chemicals and reagents were gotten from tried and trusted companies.
Animals and experimental setup
Adult female rats weighing 136.4±5.2 g were obtained from Animal Breeding House (ABH), National Research Center (NRC),
Dokki, Giza, Egypt. Rats were preserved in speci c cages, ve female rats of each, at standard food and conditions in ABH
lab. All animal groups in the ABH research facility were kept as per the Guide for the Care and Use of Laboratory Animals
[26], which a rmed by NRC Local Ethical Review Committee.
Female rats were partitioned into four groups as follows: Group 1, animals were gotten water and lled in as control group;
Group 2, rats got Arabic gum at concentration 4.3 g/kg b.wt for 30 days [25]; Group 3, animals got Arabic gum plus butralin
(312 mg/L) [27] in drinking water for 30 days.; Group 4: rats got butralin (312 mg/L) alone in drinking water related to the
Acceptable Daily Intake (ADI, 0.5 mg/kg) for rats [28]. During treatment duration rats were investigated for any harmfulness
indications and mortality day by day for 30 days.
Blood and organs samples
After 30 days of treatment, adult female rats were fasted overnight and blood samples were collected. Animals were
anesthetized using ethyl ether (1.9%) and kidney tissues were removed after sacri ced by cervical dislocation. Blood
samples were centrifuged (3000 rpm for ten min at 4 °C), serum was separated and stored at -20 ºC for biochemical studies
within 4 days. After cleaning of kidney from blood residual one part was kept in formalin (10%) for histopathological
examination. A piece of the second part of kidney tissues was homogenized in phosphate-buffered saline, centrifuged for
10 min at 10,000 rpm. The supernatant was used for oxidative stress analyses. Other pieces of the kidneys were used for
genetic studies.
Serum kidney function biomarkers
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Serum biomarkers creatinine and blood urea nitrogen (BUN) were determined by the methods of Tietz et al, [29] and Henry,
[30], respectively.
Oxidative stress markers in kidney tissue
Oxidative stress biomarkers likes GPx, CAT, total antioxidant capacity (TAC) and MDA were determined by the methods of
Nishikimi et al, (1972) [31], Abei, (1984) [32], Miller et al, [33] and Paglia and Valentine, [34], respectively.
Comet Assay
DNA damage in treated female rats using comet assay was performed according to Blasiak et al., [35]. Slides containing
kidney samples were prepared and electrophoresis (0.8 V/cm, 300mAmps) was carried out for 30 min to assess the DNA
damage in 100 cell per each animal. The non-overlapping cells were randomly selected and were visually assigned a score
on an arbitrary scale of 0–3 based on apparent comet tail and relative quantity of DNA in the nucleus ("class 0" exhibits
normal cell and "class 3" exhibits DNA damage with tail longer than 2× the diameter of the nucleus).
Gene expression analysis
Isolation of total RNA and reverse transcription reaction
The total RNA of collected kidney samples of treated female rats was extracted using TRIzol® extraction reagent
(Invitrogen). Subsequent to achievement of the RNA extraction, the pellets of the isolated RNA were kept in water containing
DEPC. The isolated RNA was exposed to RNAse-free DNAse kit (Invitrogen, Germany) to break down the potential residues of
the DNA [25]. Afterwards, the extracted RNA was divided in aliquots and kept under -80 ºC until use for reverse transcription.
To synthesize the cDNA copies of the kidney tissues of treated rats, synthesis kit of First Strand cDNA of Fermentas
Company (RevertAidTM, MBI Fermentas) was utilized to reverse isolated RNA to cDNA through the reaction of reverse
transcription (RT). The PCR program of the RT to obtain the cDNA copy was adjusted as follows: (a) 10 min at 25°C; (b) 60
min at 42 °C; and (c) 5 min at 95°C. after termination of the RT reaction, the PCR tubes containing cDNA copies were kept at
-20 ºC up to use for qRT-PCR [36].
Quantitative Real Time-PCR
The synthesized cDNA copies of the kidney tissues were used for the qRT-PCR reaction using SYBR green kit (TaKaRa,
Biotech. Co. Ltd.). Melting curve was performed for each reaction and speci c studied gene. The Ct values of the qRT-PCR of
investigated genes (Acsm2, Ace and Ace2) were normalized on those of the β-actin housekeeping gene (Table 1). The
quantitative values of the tested genes under investigation to the housekeeping gene were assessed using 2−ΔΔCT method.
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Table 1
Primers sequence used for RT-qPCR
Gene

Forward

NCBI Reference

Acsm2

F: gag gtg gtg aag gca ttt gt

NM_144748.1

R: gag cct tgg gag tct cac tg
Ace

F: gag cca tcc ttc cct ttt tc

NM_012544.1

R: ggc tgc agc tcc tgg tat ag
Ace2

F: gct aaa cat gat ggc cca ct

NM_001012006.1

R: ccc aca gtc gaa ttc ctg tt
GAPDH

F: GGA TGC AGG GAT GAT GTT CT

NM_017008.3

R: GAA GGG CTC ATT GAC CAC AGT T
Acsm2: acyl-CoA synthetase medium-chain family member 2; Ace: angiotensin I converting enzyme; Ace2: angiotensin I
converting enzyme 2; GAPDH; glyceraldehyde-3-phosphate dehydrogenase,

Histopathological studies
The kidney was dehydrated in alcohol and xed in para n wax, and thick sections were cut and stained by hematoxylin and
eosin (H&E). Slides examined for histopathological alterations (10 eld areas of each section) by a light microscope
(Olympus BX50). The histopathological changes in kidney tissues were scored as follows: normal appearance (−), mild (+),
moderate (++) and severe (+++).
Statistical analysis
All data obtained from biochemical and molecular genetics studies were expressed as Means ± SEM. The data were
investigated with the Statistical Package for Social Sciences (SPSS 0.26 for windows). The outcomes were dissected
utilizing one route investigation of difference (ANOVA) trailed by Duncan's test for examination between various treatment
gatherings and statistical signi cance was set at P < 0.05.

Results
Effect of butralin and Arabic gum in serum biomarkers and kidney weight
In the current effort, butralin was administrated to a female rat via drinking water for 30 days at a concentration 312 mg/L
which corresponding to dose equaled to 0.5 mg/kg based on water intake of female rats. No mortality of toxicity has been
recorded in butralin-treated female rats after 30 days of treatment. There was no signi cant change in food consumption or
water intake during the experimental period (30 days) of all treated female rats. The relative kidney weight was signi cantly
decreased in female rats exposed to butralin at dose (0.5 mg/kg) (Table 2). In present study, serum creatinine and BUN were
signi cantly increased after exposure to butralin as compared with the control group (P < 0.005) (Table 1). Pretreatment of
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animals with Arabic gum and concomitantly with Arabic gum signi cantly reduced the rise in the level of BUN and
creatinine.
Table 2
Kidney dysfunction biomarkers in female rats exposed to Arabic gum and butralin.
Treatments

Creatinine

BUN(mg/dl)

Relative kidney weight (%)

(mg/dl)
Control

0.83 ± 0.006c

30.34 ± 0.34c

0.95 ± 0.005a

Arabic gum

0.96 ± 0.023bc

34.14 ± 0.21bc

0.92 ± 0.012a

Arabic gum + Butralin

1.01 ± 0.027b

35.74 ± 0.56 b

0.86 ± 0.007b

Butralin

1.17 ± 0.006a

44.70 ± 0.43a

0.73 ± 0.011c

Values are means ± SE, n = 5; values having the different letters are signi cantly different from each other.

Oxidative stress biomarkers in rats exposed to butralin and treated with Arabic gum
In butralin-treated rats showed a rise in oxidative stress (MDA) in their kidney tissues and decreased activity of the
antioxidant markers (GPx, CAT and TAC) that associated with antioxidant defense and detoxi cation mechanisms in
hepatocytes (Table 3). Pretreatment with Arabic gum attenuated the butralin-induced oxidative damage. Hence,
pretreatment with Arabic gum signi cantly restored the oxidative stress and elevated the total antioxidant markers activities
in the group treated with Arabic gum plus butralin to the normal values.
Table 3
Oxidative stress biomarker in kidney tissue of female rats exposed to butralin and treated with Arabic gum.
Treatments

CAT

GPx

TAC

MDA

(u/mg protein)

(u/gprotein)

(mmol/l)

(nmol/mg protein)

Control

38.49 ± 0.40a

6.22 ± 0.045a

0.81.±0.007a

0.44.±0.016c

Arabic gum

37.85 ± 0.53a

5.74 ± 0.032a

0.83 ± 0.011a

0.47.±0.003c

Arabic gum + Butralin

33.90 ± 0.21b

3.59 ± 0.025b

0.62 ± 0.012 b

0.75.±0.014b

Butralin

30.41 ± 0.52c

1.82 ± 0.027c

0.46 ± 0.006c

1.06.±0.017a

Values are means ± SE, n = 5; values having the different letters are signi cantly different from each other.

Assessment of DNA damage
DNA damage determination in kidney samples of female rats exposed to butralin and Arabic gum is presented in Table 4.
The results explained that rate of DNA damage in kidney samples of rats treated with Arabic gum was quite similar to that
in control untreated rats. However, treatment of female rats with butralin increased the rate of DNA damage with high
signi cant differences (P < 0.01) compared with that in control rats. In contrast, treatment of female rats exposed to butralin
improved the rate of DNA damage in kidney samples compared with that in female rats exposed to butralin alone.
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Table 4
Visual score of DNA damage in tissue samples collected from treated animals with butralin and/or Arabic gum.
Treatment

No. of cells

DNA damaged cells %

Class**

(Mean ± SEM)

No of samples

Analyzed*

Comets

0

1

2

3

Control

4

400

29

371

25

4

0

7.25 ± 0.63c

Arabic gum

4

400

27

373

24

3

0

6.75 ± 0.48c

Arabic gum + Butralin

4

400

55

345

31

14

10

13.76 ± 0.25b

Butralin

4

400

93

307

32

26

35

23.27 ± 0.76a

*: Number of cells examined per a group, **: Class 0 = no tail; 1 = tail length < diameter of nucleus; 2 = tail length between
1X and 2X the diameter of nucleus; and 3 = tail length > 2X the diameter of nucleus.

Expression alteration of genes associated with nephrotoxicity
The expression pro le of genes (Acsm2, Ace and Ace2) involving with nephrotoxicity in female rats exposed to butralin and
treated with Arabic gum is illustrated in Fig. 1-3. Fig. 1 showed that expression levels of Acsm2 gene in kidney tissues of
female rats exposed to butralin were decreased signi cantly compared to those in control animals. However, female rats
supplemented with Arabic gum revealed high expression levels of Acsm2 gene similar to those in untreated control rats.
Moreover, treatment of butralin-exposed rats with Arabic gum increased signi cantly the levels of Acsm2 gene compared to
those in female rats exposed to butralin alone.
Fig. 2 and 3 showed that expression levels of Ace and Ace2 genes in kidney samples of female rats exposed to butralin were
increased signi cantly compared to those in control animals. In contrast, animals supplemented with Arabic gum revealed
low expression levels of Ace and Ace2 genes like to those in health control rats. Furthermore, treatment of butralin-exposed
rats with Arabic gum decreased signi cantly the levels of Ace and Ace2 genes compared to those in animals exposed to
butralin alone.
Histopathological ndings
Butralin induced histological changes in kidney of female rats including the cortico medullary junction and focal
haemorrhages and degeneration in the tubular lining epithelium (Table 5 & Fig. 4). However, rats of control group and group
treated with Arabic gum showed normal kidney tissues with the normal renal architecture formed of malpighian orpuscle
which contain the glomerulus formed of capillary loops separated from Bowman capsule by Bowman Space. Also, the
proximal convoluted tubules lined by simple cuboidal with microvilli as it begin at the capsule and distal convoluted tubules.
The Arabic gum plus butralin treated group showed focal in ammatory cells in ltration in between the degenerated tubules
at the cortex.
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Table 5
Histopathological changes in the kidney tissue of female rates exposed to butralin and treated with Arabic gum based on
scoring severity of injury.
Observation

Control

Arabic gum

Arabic gum + Butralin

Butralin

In ammatory cells in the portal area

-

-

+

++

Focal necrosis in the kidney parenchyma

-

-

-

++

Diffuse kupffer

-

-

-

-

proliferation
Normal (−), minimal (+), mild (++), moderate (+++), Control (G1), Arabic gum (G2), Arabic gum plus butralin (G3), and
butralin (G4).

Discussion
In agribusiness utilization of herbicides to control weeds has been is extensively increased worldwide. However, using these
synthetic chemicals in uncontrolled way can cause negative impacts on non-target living beings including aquatic
environments [37]. In the current study, butralin was orally administrated to female rats via drinking water for 30 days at a
concentration 312 mg/L which equal to dose 0.5 mg/kg based on water intake of the animals. In this study, no mortality of
butralin toxicity has been recorded in exposed female rats throughout or after treatment duration. Also, there was no
observed signi cant change in food consumption or water intake during the experimental period of all treated female rats.
However, using relative kidney weight as toxicological biomarker in this study explained that there were signi cant
differences in female rats exposed to butralin compared with control rats. The rise in relative kidney weights could be
attributed to the nephrotoxicity of butralin inducing kidney damage as reported by Mossa et al. [15]. Additionally, organ
weight variations were observed by other dinitroaniline herbicides in rats and rabbits [18].
The current study showed signi cant elevation in serum creatinine and BUN of rats exposed to butalin as compared with the
control rats. This expansion in creatinine level in female rats might be due to the impedance of the glomerular capacity
and/or tubular function in the kidneys [38]. The expanded degrees of creatinine and BUN accumulation in the blood show a
di culty in the kidney function in getting rid of these substances. Refaie et al. [39] found a raised degree of urea in blood
was associated with increase of protein catabolism in the mammalian body. They suggested that BUN level is increased
due to increasing the alkylated urea derivatives in rats exposed to insecticide paralethrin. Therefore, the current study
suggests that expansion of urea and creatinine levels in the serum of female rats is associating with histological alterations
inducing a reduction in the glomerular ltration rate as a result of butralin intoxication.
Oxidative stress is a vital sign for understanding the mechanism of pesticide toxicity because is associating with alteration
of oxidant/ antioxidant status and defence pathway [16, 40]. In this study, butralin-exposed rats showed a rise in MDA (as
an oxidative stress marker) and decrease in activity levels of the antioxidant markers (GPx, CAT and TAC). A previous study
reported that paraquat (as it related to dinitroaniline) reduces the activity levels of GPx, and CAT [41].
Female rats exposed to butralin increased signi cantly the rate of DNA damage compared with that in control rats. Our
previous wok indicated that the ROS formation was raised signi cantly with the exposure to butralin in a dose-dependent
manner [27]. It can be suggest that butralin motivated oxidative stress inducing DNA damage by generation of ROS in
exposed rats. Naturally, free radicals are created during cellular biological reactions in equilibrium with the biological
antioxidant systems [42; 43].
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Acsm2 gene is considered as a kidney-speci c “KS” gene in mammals [44, 45]. They reported that Acsm2 gene is expressed
when the function of renal tissues became mature in kidneys of rats. Moreover, Gomez et al. [46] and Watanabe et al. [45]
indicated that Acsm2 expression is likely associated to the growth and maturational alterations occurring in the kidney cells
after few weeks' postpartum in rats and mice. In present work we found that expression levels of Acsm2 gene were reduced
in rats exposed to butralin. This reduction in Acsm2 levels is might be probably associated with the histopathological
lesions in proximal tubules induced by butralin as observed in our study. ACE function regulates RAS (renin–angiotensin
system) which is coincided with renal disease [47, 48, 49]. The RAS system is working in breakdown of the AngII pro brotic
peptide into Ang- 1–7 (50, 51]. So, ACE and ACE2 genes are greatly expressed in the diseased kidney [51]. In the same line,
the current results found that rats exposed to butralin showed low expression levels of ACE and ACE2 genes compared with
control rats.
Pretreatment with Arabic gum attenuated the toxic effect of butralin-induced oxidative damage in female rats. Hence,
pretreatment with Arabic gum signi cantly restored the GPx, CAT and TAC levels near to those in control rat's values. Several
studies indicated that Arabic gum has been found to act as antioxidant product in addition to its useful effects on kidney
function [52, 53, 54]. The present results found that Arabic gum exhibited signi cant reduction in MDA and increase in GPx,
CAT and TAC activities in kidney tissue of the Arabic gum plus butralin group. These results are consistent with the previous
evidence of Al Za’abi et al. [55], who proposed the main mechanism for the bene cial action of Arabic gum in adenineinduced kidney disease through its antioxidant properties. The antioxidation induced by Arabic gum might be one of the
most likely mechanisms supplying to its bene cial effect against kidney injury. This antioxidant effect of Arabic gum was
established previously by in vitro studies, which showed that Arabic gum had a dose-dependent scavenging of free radicals
produced enzymatically and nonenzymatically [56]. Hence, Arabic gum could have the ability to inhibit ROS generation
induced by herbicides [10, 11] due to suppression of MDA. Therefore, it could be suggested that Arabic gum scavenges
butralin free-radicals generation and, in turn, inhibits MDA–induced DNA damage in renal tissues, which has been
recommended to protect renal tissue damage induced by butralin. The present results indicated that the expression pro le
of Acsm2, ACE and ACE2 genes is altered in rats exposed to butralin which is likely attributed to the damage occurred in
renal tissues. So, renal tissue protection by treatment of Arabic gum could be also associated with reduce the expression
alteration of Acsm2, ACE and ACE2 genes induced by butralin. Therefore, the protective effect provided by Arabic gum on
renal tissues exposed to the herbicide butralin could be attributed to enhancement of antioxidants and increase the free
radicals scavenging activity in vivo.

Conclusion
In vivo exposure to butralin induced MDA, decreased antioxidant enzymes activities, elevated DNA damage and changed the
mRNA levels of kidney speci c genes. These negative actions of butralin on kidney tissues could be attributed to increase
free radical formation as reported in our previous work [27]. Treatment of female rats with Arabic gum suppressed the
toxicity effects induced by butralin. So, the protective effect provided by Arabic gum on renal tissues exposed to the
herbicide butralin could be attributed to enhancement of antioxidants and increase the free radicals scavenging activity in
vivo.
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