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ABSTRACT
The current study aimed to investigate the protective role of folic acid against the harmful toxic

effects in rats induced by long term treatment by augmentin. In the current experiment, twenty-four adult
male albino rats (170-200 g) were divided into four groups. The 1% group was the control group, it
received saline solution (1 ml/kg). The 2™ group received folic acid (70 pg/kg). The 3" group received
augmentin (31.83 mg/kg). The 4™ group was given augmentin and folic acid simultaneously. All doses
were given orally and once a day for three weeks. At the day 22, rats were decapitated, blood samples
were collected for hematological examination, whereas others were centrifuged, and serum was obtained
and preserved for further biochemical examinations. The results showed that augmentin induced
significant decreases in the levels of hemoglobin, hematocrit, RBCs, platelets, WBCs and superoxide
dismutases (SOD), and significant increases in serum cholesterol, urea, creatinine, aspartate
aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), triglycerides, total
protein, albumin and malondialdehyde (MAD). Simultaneous administration of folic acid with augmentin
caused partial or complete enhancement in the hematological parameters such as hematocrit, WBCs count
and hemoglobin. Also, biochemical parameters were partially improved by the folic acid administration
such as SOD or completely improved such as MAD by rendering them to values close to the normal
saline control groups. According to the present study, it was suggested that co-administration of folic acid
with augmentin modulates some of the hematological and oxidative stress parameters induced by
augmentin.
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INTRODUCTION

Drugs are a double-edged weapon
benefit, and hazard. Although the drugs
provide a benefit by modifying processes in
the body, it's not surprising that they, also,
have side effects and may cause toxicity [1].
Therapeutic dose from the drug produces the
desired beneficial effect without unbearable
side effects, but a high dose of drug leads to
adverse effects on the body. Also,
interactions with drugs are common and they
can cause side effects or reduce the beneficial
effect of the drugs [2].

Antibiotics fight bacteria by killing
them or preventing their reproduction. In
general, antibiotics act by inhibiting or
regulating the enzymes involved in
biosynthesis of cell wall, nucleic acids
metabolism and repair, protein synthesis
and/or disruption of membrane structure [3].
Augmentin is a penicillin drug class that has
broad spectrum of activities against the most
commonly bacteria [4]; it is composed of
amoxicillin, a [-lactam antibiotic, and
potassium  clavulanate as [B-lactamase
inhibitor [5]. Specifically, it is used for otitis
media, strep throat, pneumonia, cellulitis,
urinary tract infections, animal bites, and
tuberculosis [6, 7]. Data from several studies

suggest that it is safe in the therapeutic dose

but increasing the dose can lead to side

effects such as hepatitis, and renal damage
[8, 9]. Prolonged use of amoxicillin
clavulanate could lead to breakdown of the
mitochondrial membrane, moreover, opening
of mitochondrial permeability transition
pores (mPT pore) leads to expulsion of
cytochrome C, lipid peroxidation and
reduced energy in liver cells. Also, high dose
of augmentin concentrating in the kidney
medulla can induce kidney injury through
direct toxicity or damage by reduced
prostaglandin and increased thromboxane
production [10].

Folic acid or vitamin B9, is a water-
soluble  vitamin that stimulates the
hematopoiesis, needed for normal cellular
metabolic activities and also helps to prevent
changes to DNA that may cause initiation of
cancer. It is a powerful antioxidant and used
as nutritional supplement and in the
treatment of specific types of anemia [11].
Folic acid declines oxidative stress and lipid
peroxidation, thereby keeping cells healthy
by preventing various harmful processes in
cells. Recent studies suggest that folic acid
has a protective effect against toxicity [11,
12].

Previous reports showed that of folic
acid  dietary  supplementations  have

protective effects against several diseases and
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injuries. Thus, the current work aimed to
investigate the protective and modulatory
role of folic acid administration on the
damaged hematological parameters,
hepatotoxicity, nephrotoxicity and oxidative
stress induced by augmentin in male albilno
rats.
MATERIALS AND METHODS
Experimental animals

Twenty-four adult male Wistar rats
weighting from 170-200g were used in this
study; they were kept in cages under hygienic
condition and supplied with commercial
rodent diet and water ad libitum; they were
allowed to acclimate for two weeks in
photoperiod (dark light cycle 12h: 12h) and
the temperature was adjusted at 20-25 °C
with constant humidity before beginning the
experiment.
Drugs

Augmentin and folic acid were
purchased from pharmacy of Minia
university hospital, dissolved in sterile
physiological saline solution.
Experimental design

Animals were divided into four equal
groups (six rats each), the 1% group was
considered as the control group that received
saline solution (1ml/kg). The 2™ group
received a dose of folic acid (70 pg/kg) [13].

To ensure obtaining augmentin-induced

hepatotoxicity and nephrotoxicity, the 31
group received a dose of augmentin (31.83
mg/kg) [9]. To examine the effects of folic
acid on the augmentin-induced oxidative
stress, hepatotoxicity and nephrotoxicity, the
4™ group was given augmentin and folic acid
simultaneously with the same doses
mentioned above. All doses were given
orally and once a day for three weeks.
Hematological and biochemical Analysis
At the end of the experiment, rats
were fasted for 12h; at the day 22, animals
were anesthetized by diethyl ether,
decapitated. Blood samples were collected
immediately and divided into two tubes. The
Ist tube contained EDTA as anticoagulant
for hematological examination and the 2nd
tube for biochemical examination, left at
room temperature for 15-30 minutes, to
coagulate, freez-centrifuged at 3000 x g for
10 minutes and the serum was transferred
into a sterilized tube and preserved for
further analysis.
Erythrocyte

volume (hematocrit), hemoglobin, platelet

count, packed cell
count and leukocyte count were determined
by using the method of Louderback and
Fontana (1976) [14]. Aspartate and alanines
aminotransferase (AST/ALT) were

determined by the kinetic method of Henry et
al. (1974) [15]. Alkaline phosphatase (ALP)
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was determined by the kinetic method of
Tietz and Ash (1995) [16]. Albumin and total
protein were estimated according to the
colorimetric method of Young (1995) [17].
To examine the renal toxicity and
hepatotoxicity caused by augmentin and their
modulation by folic acid, the following
parameters were analyzed: the serum total

cholesterol  was

colorimetric method of Watson (1960) [18],

determined by the

and triglycerides was determined by the
colorimetric method of Fossati and Prencipe
(1982) [19]. Creatinine was determined
according to colorimetric — kinetic method of
Burtis (1995) [20]. The method of analysis
for blood urea depended on the enzymatic
colorimetric method of Sethi and Moorthy
(1986) [21]. The serum activity of superoxide
dismutase (SOD) was determined by the
colorimetric method of Marklund and
Marklund (1974) [22]. The serum activity of
lipid peroxide (malondialdehyde or MDA)
was determined by the colorimetric method
of Kei (1978) [23]. The optical densities of
all chemical analysis were determined by
spectrophotometer (Humalyzer 3000,
Germany).
Statistical analysis

The present data were analyzed by
Analysis of Variance (one-way ANOVA test)

using SPSS version 21. Data were expressed

as mean £ S.E.M; (n= 6) and significant
values were determined at p value < 0.05
(Tukey post hoc test).
RESULTS

The results of the current work are
explained in figures 1-5 and tables 1-5.
Figure 1 (A-E) and table 1 summarize the
results of administering folic acid on change
in the level of hemoglobin (HB), hematocrit
(HCT), red blood corpuscles (RBCs) and
white blood cells (WBCs) respectively, after
oral administration of augmentin. The level
of HB is significantly elevated by oral
administration of folic acid in comparison
with control group; on the other hand, its
level is significantly reduced by oral
administration of augmentin. After co-
administration of folic acid with augmentin,
it was clear that it was significantly elevated
to a level lower than control group (Fig. 1A).

The value of HCT is not affected by
folic acid. A significant decrease in HCT was
obtained after oral administration of
augmentin, whereas a significant increase in
the HCT value was obtained after co-
administration of folic acid with augmentin
(Fig. 1B).

The number of RBCs is significantly
reduced by oral administration of augmentin.
However, no improvement was obtained with

co-administration of folic acid (Fig. 1C).
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An unexpected significant decrease in
the platelets number was observed in folic
acid group; such decrease was continued in
augmentin group. Co-administration of folic
acid did not change the lowered number of
platelets resulted from augmentin
administration (Fig. 1D).

Folic acid administration did not
affect the number of WBCs when compared
with control group, on the other hand
augmentin could decrease the number of
WBCs; after administration of folic acid with
augmentin, the number of WBCs was
significantly increased to a level significantly
lower than the control group (Fig. 1E).

Figure 2 (A-E) and table 2 represent
the results of administering folic acid on the
change in the concentration of AST, ALT,
ALP, serum albumin and total protein after
oral administration of augmentin. Folic acid
did not affect the levels of the above-
mentioned liver parameters in comparison
with control group; however, a significant
elevation in the concentration of those
parameters was observed after augmentin
treatment, such elevation was also continued
even after administration of folic acid with
augmentin (Fig. 2A-E).

Figure 3. (A and B) and table 3
explain the effects of folic acid on the

augmentin-induced total cholesterol and

triglycerides. Administration of folic acid did
not affect the level of both cholesterol and
triglycerides; administration with augmentin
caused and elevation in their concentration
compared to control group (A and B).
Administration of folic acid had no effect on
the augmentin-induced elevation of total
cholesterol (A); however, the concentration
of triglycerides was increased compared to
both augmentin and control groups after
administration of folic acid with augmentin
(B).
Figure 4 (A and B) and table 4 provide an
overview of the effects of administering folic
acid on the change in creatinine (A) and
blood urea (B) concentrations after oral
administration of augmentin. Folic acid
group showed a significant upregulation in
the creatinine concentration compared to
control group, whereas the creatinine was
significantly increased compared to both
control and folic acid group, such increase
persisted even after administering both
augmentin and folic acid simultaneously,
which means that folic acid did not affect the
increased creatinine which was induced by
augmentin (Fig. 4A).

The concentration of blood urea did
not change after folic acid administration;
however, augmentin significantly induced its

concentration. After administration of folic
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acid with augmentin, the blood urea
concentration was kept at a level almost same
as augmentin group but significantly higher
compared to control group (Fig. 4B).

Figure 5 (A and B) and table 5
summarize the effects of folic acid on the
change in SOD and MAD after oral
administration of augmentin. Administration
of folic acid did not significantly change the
level of SOD compared to the control group;
the level of SOD is significantly decreased
by oral administration of augmentin. After
of folic

co-administration acid with

augmentin, the level of SOD was

significantly  elevated; however, such
elevation did not reach the level of the
normal control group (Fig. SA).

Oral treatment of folic acid did not
affect the serum level of MAD which was
significantly elevated by augmentin, whereas
co-administration of folic acid with
augmentin showed significant decrease to a
level statistically same as control group (Fig.

5B).
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Table 1: Effects of oral administration of folic acid on the hematological parameters (hemoglobin, hematocrit, RBCs, platelets and WBCs)
after oral administration of augmentin. The values represent mean + S.E.M; (n= 6). Different letters indicate significant differences
between values

RBCs

Groups Hemoglobin  Hematocrit e Platelets WBCs
p (%)) (%) <102/) (number x10°/)  (number x10°/1)
Cont. 13.47£0.20°"  41.89+0.69°  44.88+0.67° 612.33+19.64* 16 650+324.04°
Folic 14.2440.23° 44.13+0.71"  46.65+0.97*" 482.60+6.69 " 16 750+352.85*
Aug. 12.13£0.22"  37.61+0.68"  40.42+0.74° 482.00£15.22°  12200+227.30"
Aug. + Folic.  12.98+0.11°"  40.28+0.32°  43.260.36" 431.00+25.86" 13 960+369.59 ¢
A B C
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o 6 8 b b (Fig. 2): Effects of oral administration
g <) 3 of folic acid on the change in the
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@ 1 P~ 6). Different letters indicate
0 0 significant differences between values
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Table 2: Effects of oral administration of folic acid on the parameters of liver functions (AST, ALT, ALP, albumin and total
protein) after oral administration of augmentin. The values represent mean + S.E.M; (n= 6). Different letters indicate
significant differences between values

Groups AST ALT ALP Albumin Total protein
P un {un {un (g/dl) (mg/dl)
Cont. 30.663+0.235"  31.685+1.235"  184.237+3.792"  4.058+0.066"  6.168+0.064 "
Folic 32.1240.64" 33.356+0.654"  178.586+3.581"  4.246+0.104"  6.026+0.019"
Aug. 52.206+1.88"  49.356+2.336"  266.444+8.074° 5.27+0.072"  6.814+0.033°
Aug. + Folic  55.4+2.08" 55.986+2.967°  270.62+13.447" 5.322+0.159"  6.888+0.039"

A B
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Control Folic ~ Augmentin  Mixed Control Folic  Augmentn  Mixed
(Fig. 3) Effects of oral administration of folic acid on the change in the
concentration of total cholesterol (A) and triglycerides (B) after oral
administration of augmentin. The values represent mean + S.E.M; (n= 6).
Different letters indicate significant differences between values
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Table 3: Effects of oral administration of folic acid on level of total cholesterol and triglycerides after oral administration of
augmentin. The values represent mean = S.E.M; (n= 6). Different letters indicate significant differences between values

Total cholesterol  Triglycerides

(LT (mg/dI) (mg/dI)
Cont. 86.412+1.42° 33.312£1.35°
Folic 85.836+1.59* 36.798+0.83°
Aug. 102.896+1.53"° 42.97+1.56"°

Aug. + Folic  100.168+2.95" 50.57240.21°¢

g ¢ 10
1.2
d !
I
[
0 ;

Control Folic ~ Augmentin  Mixed Control Folic ~ Augmentin ~ Mixed

Urea (mg/dl)

Creatinine (mg/dl)

(Fig. 4) Effects of oral administration of folic acid on the change in the
concentration of creatinine (A) and blood urea (B) after oral
administration of augmentin. The values represent mean + S.E.M; (n= 6).
Different letters indicate significant differences between values

Table 4: Effects of oral administration of folic acid on the parameters of kidney functions (creatinine and blood urea) after
oral administration of augmentin. The values represent mean + S.E.M; (n= 6). Different letters indicate significant
differences between values

Creatinine  Blood urea
Groups

(mg/dl) (mg/dl)
Cont. 0.47+0.03*  27.73+0.38°
Folic 0.62+0.03"  28.69+0.65°
Aug. 1.24+0.04¢  41.63+2.75"

Aug. + Folic  1.22+0.03¢  42.41+1.94"

]
I | I
0

Control ~ Folicacid Augmentin

SOD (U/ml)

(Fig. 5) Effects of oral administration of folic acid on the change in the
concentration of SOD (A) and MAD (B) after oral administration of
augmentin. The values represent mean + S.E.M; (n= 6). Different letters
indicate significant differences between values
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Table 5: Effects of oral administration of folic acid on the oxidative stress parameters (SOD & MAD) after oral
administration of augmentin. The values represent mean + S.E.M; (n= 6). Different letters indicate significant differences
between values

Groups SOD MAD
(U/ml) (nmol/ml)
Cont. 54.63£0.41" 1.92+0.06°
Folic 54.00£0.47° 1.93+0.03°
Aug. 34.93+0.67"  3.13+0.18°

Aug. + Folic  40.23+£0.95°  2.40+0.15"

DISCUSSION
The current study aimed to address
the changes in the hematological parameters,
liver functions, kidney functions and
oxidative stress induced by oral treatment
with augmentin due to the preventive effects
of folic acid as dietary supplement against
adverse drug reactions. Interestingly, the
most important findings were partial or
complete enhancement in the hematological
parameters such as hematocrit, WBCs count
and hemoglobin; also, partial or complete
improvement in the biochemical oxidative
stress parameters such as SOD and MAD.
Hematological parameters are important
indicators of the health condition of an
organism. In this work, augmentin induced
hematological disturbances by decreasing
HB, HCT%, RBCs number, platelets and
WBCs number, such results are consistent
with the results of Mintzer et al., (2009) [25].
Moreover, wide spectrum of drug-induced
hematologic disturbances (e.g., Pencillins,
beta-lactam antibiotics, aspirin, NSAIDs) are
mediated by a variety of mechanisms,

including immune effects, interactions with

enzymatic pathways, and direct inhibition of
hematopoiesis [25, 26].

Hematopoietic tissues and leukocytes
are two dynamic systems which maintain the
homeostasis of an organism by responding
quickly to any chemical changes or
poisoning in the body. The observed effects
of augmentin which were obtained in our
study are generally in consistent with many
results of various investigations on the
animals treated with different chemical
factors [26, 27]. It was reported that oral
treatment with augmentin, paracetamol,
aspirin or lornoxicam resulted in depletion of
the RBCs count, hemoglobin concentration,
PCV, and WBCs. Such depletion might be
attributed to hepatic injury and hemolytic
anemia or may be due to the destruction of
the mature RBCs which lead to reduction in
the rate of erythropoiesis [29-32].

Blood cells provide enough oxygen for
tissues, protect the body against infectious
diseases and promote coagulation. Because
bone marrow is the center of manufacture of
blood cells, suppression of bone marrow

activity results in depletion of all types of
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circulating blood cells. Accordingly, the
body will be more susceptible of bacterial
and viral infections as a result of WBCs
insufficiency [33]; also the number of
erythrocytes decreases which lead to
decreasing amount of HB and reduced
HCT%, thus blood cannot supply tissues with
adequate amount of oxygen and therefore
causes the symptoms of anemia [34];
whereas the depletion of platelets production
bleeding [35].

non-steroidal anti-

causes spontaneous
Antibiotics  and
inflammatory drugs are the most common
medication may cause bone marrow
suppression [25].

In the current study, we observed that
some of the undesirable side effects of
augmentin were partially or completely
improved by administration folic acid
simultaneously with it. For example, the
augmentin HB, HCT% and WBCs depletions
were significantly upregulated by folic acid.
We do think that this improving may be
attributed to ameliorating the bone marrow
activity leading to enhancing the immune
functions and production of sufficient RBCs
and platelets [34, 36, 37].

Recently, great attention has been
focused on the assessment of liver damage by

xenobiotics and drugs, which are passing and

metabolized into toxic intermediates in

hepatic cells. The serum parameters related
to liver functions which have been studied in
the present work revealed that acute doses of
augmentin induced significant increase in the
level of AST, ALT, ALP, albumin and total
protein. Similar findings were observed that
amoxicillin-clavulanate administration
induced liver injury [38, 39].

AST, ALT and ALP are normally
located in mitochondria, cytoplasm or
microsomes of hepatic cells; their increased
serum levels may indicate a damage in the
hepatic cells and consequently liver damage
[40]. The increased serum level of such
enzymes may also be attributed to changes in
membrane

the cell permeability  and

increased/  decreased  catabolism  of
aminotransferases [41] and it was reported in
conditions involving necrosis of hepatocytes
[42]. Moreover, the increase in albumin and
total protein observed in the present study are
not in consent with other findings that
showed reduced levels of albumin and total
protein induced by augmentin poisoning
[43]. On the other hand, our data agreed with
those obtained by Agbafor et al. (2015) [44]
when their experimental animals were given
antibiotics  such as  ofloxacin  and
ciprofloxacin. They attributed the unchanged
or elevated albumin and total protein level to

the liver which keeps its normal functions
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within the given doses of the antibiotics. We
agree with the above-mentioned authors that
the experimental doses of antibiotic used
were not strong enough to cause extensive
hepatocytes damage to down regulate the
synthesis of proteins, thus keeping the
protein levels as high as normal in healthy
liver.

It was reported that prolonged use of
Ciprofloxacin and Amoxicillin Clavulanate
could breakdown mitochondrial membrane
via induction of opening of mitochondrial
membrane permeability transition pore which
leads to expulsion of cytochrome C, lipid
peroxidation and decrease in energy in the
healthy liver cells [10].

Several reports explained that folic
acid controlled the activities of the liver
enzymes; which is the primary evidence for
hepatoprotective activity [44], this is
consistent with our results that showed an
improvement in the level of liver enzymes
when folic acid was given with augmentin. In
the current study, we observed that after folic
acid administration, no improvement was
obtained in the levels of liver enzymes which
were affected by augmentin; the differences
between our results and the other reports may
be attributed to the dose and the duration of
using folic acid after stopping administering

augmentin.

Our data revealed a significant
upregulation in the level of total cholesterol
and triglycerides in augmentin group which
are consistent with the study of Olayinka and
Olukowade (2010) and AL-Harbi (2015) [9,
46]. The elevated levels may indicate a
disturbance in fat metabolism as a result of
the peroxidation of membranes and
modulation of the cellular structure due to
toxicity dose of augmentin as well as
overproduction of free radicals [47, 48]. The
results of our study are in harmony with the
previous reports that showed a high level of
total cholesterol and triglycerides after
amoxicillin clavulanate treatment. Such
change in the levels of total cholesterol and
triglycerides led to alternation in the
membrane permeability [9].

In the current study, it was observed
that folic acid did not affect the change in the
level of total cholesterol or triglycerides
induced by augmentin suggesting that more
treatment duration and high dose of folic acid
may be required to get such modulation in
lipid concentrations obtained by augmentin.

The concentrations of creatinine and
blood urea were significantly increased in
augmentin, group compared to control group.
Blood urea and serum creatinine have been

reported to increase in acute and chronic

intrinsic renal diseases [49, 50]. The increase
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in renal parameters in blood might be
observed as a result of lower urinary tract
obstruction caused by the drugs and decrease
in glomerular filtration which lead to
decreased renal perfusion of the kidney, or
intrinsic renal lesions [51, 52]. Recent studies
showed that almost 70% of acute interstitial
nephritis  (AIN) were attributed to
medications such as NSAIDs, including
topical preparations and the selective COX-2
inhibitor celecoxib, penicillin and
cephalosporins can cause AIN accompanied
with increased serum level of creatinine [53,
54].

The antioxidant enzyme superoxide
dismutase (SOD) represents one of the
primary intracellular antioxidant defense
mechanism against oxidative stress. In the
current study, it was observed that augmentin
affects the level of SOD by decreasing it
significantly when compared with the control
group; such observation has been noticed
earlier in several studies [55, 56]. When the
level of oxidative stresses (OS) is very high,
the proteins damage became profound and
the activity of SOD decreased either via
direct oxidative damage of the SOD
molecules, or by alternation in the SOD gene
expression, or both [57]. In this study, the

observed decrease in the levels of WBCs,

was associated with decrease in SOD

activity, it was explained that the white blood
cells used enzymes such as NADPH oxidase
to produce SOD and other reactive oxygen
species (ROS) to kill bacteria, also,
administration of augmentin decreased
antioxidant enzymes in the erythrocytes [58].
Hence, SOD protects the cells from
superoxide toxicity. In the present work,
when folic acid was co-administered with
augmentin, it was clear that the level of SOD
was partially enhanced suggesting that folic
acid has a potential protective mechanism
against oxidative stress and free radical-
mediated tissue damage and supporting the
observations of different studies [59, 60].

It was observed that augmentin is
responsible for MDA level elevation through
their effects to increase the oxidative stress
factors such as reactive oxygen species
(ROS) and hence increasing lipid
peroxidation process [61-66]. The current
data showed results comparable with the
above-mentioned observations of increasing
MDA levels. The elevated serum levels
MDA as diagnostic biomarker of liver and
kidney damage caused by amoxicillin
indicated the presence of cellular membrane
damage, thus suggested the implication of
lipid peroxidation and oxidative stress in the

pathogenesis related to amoxicillin treatment

[64, 67].
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It is of great importance to reduce or
minimize the damage occurred by drugs to
get the maximum benefits in fighting
diseases; one of the most important way to
get maximum benefits is to reduce the drugs-
induced oxidative stress. Many natural
products as well as synthetic products can
perform such important role. It was found
that Cucumis sativus, quercetin, vitamin C
have a potential antioxidant action by
reducing MDA level and increasing the level
of SOD [66, 68, 69].

CONCLUSION

The current results suggested that
folic acid at the used dose and duration could
improve some of the augmentin-induced
hematological disorders as well as the
induced oxidative stress factors, but it did not
improve the augmentin-induced
hepatotoxicity and nephrotoxicity, and as its
well known that the augmentin-induced
oxidative stress is a key factor of the
hepatotoxicity and nephrotoxicity, and from
the current results that showed an
improvement in the oxidative stress factors,
we do think that the improvement in the
augmentin-induced  hepatotoxicity =~ and
nephrotoxicity may require high dose and
longer time of folic acid treatment after

finishing the treatment with augmentin.

Hence, more considerations about the

effective dose and duration of folic acid

should be taken in mind when using it as

protective drug with augmentin.

REFERENCES
[1] A.L. Hopkins, Network
pharmacology: the next paradigm in
drug discovery, Nature chemical
biology, 4 (2008) 682.

[2] V.L. Serebruany, Realistic
assessment of drug-induced adverse
events: a double-edged sword, The
American journal of medicine, 123
(2010) 971.

[3] M.A. Kohanski, D.J. Dwyer, J.J.
Collins, How antibiotics  kill
bacteria: from targets to networks,
Nature Reviews Microbiology, 8
(2010) 423.

[4] A.R. White, C. Kaye, J. Poupard, R.
Pypstra, G. Woodnutt, B. Wynne,
Augmentin®(amoxicillin/clavulanat
e) in the treatment of community-
acquired respiratory tract infection:
a review of the continuing

development of an innovative
antimicrobial agent, Journal of
Antimicrobial Chemotherapy, 53
(2004) i3-120.

[S] P.R. Lagacé-Wiens, K.A. Nichol,
L.E. Nicolle, M. DeCorby, M.

McCracken, M.R. Mulvey, G.G.

IJBPAS, November, 2019, 8(11)

2040



Ahmad. M. Abdel-Mageed et al

[6]

[7]

8]

9]

Zhanel, Treatment of lower urinary
tract infection caused by multidrug-
resistant extended-spectrum-f3-
lactamase-producing  Escherichia
coli with amoxicillin/clavulanate:
case report and characterization of
the isolate, Journal of Antimicrobial
Chemotherapy, 57 (2006) 1262-
1263.

G. Diesel, Adverse event reports
relating to Augmentin, Veterinary
Record, 176 (2015) 602-602.

T. Shanbhag, S. Shenoy, V. Nayak,
Pharmacology for dentistry, Elsevier
Health Sciences, 2017.

P. Su, C.W.D. Aw, Severe
cutaneous adverse reactions in a
local hospital

setting: a S-year

retrospective  study, International
journal of dermatology, 53 (2014)
1339-1345.

E.T. Olayinka, I. Olukowade, Effect
of  amoxycillin/clavulanic  acid
(Augmentin 625) on antioxidant
indices and markers of renal and
hepatic damage in rats, Journal of
Toxicology and Environmental

Health Sciences, 2 (2010) 85-92.

[11]

[12]

[13]

Research Article
normal rat liver: the role of
mitochondrial membrane
permeability transition pore,
Toxicology mechanisms and

methods, 29 (2019) 128-137.
J.  Bronsky, C. Campoy, C.
Braegger, C. Braegger, J. Bronsky,
W. Cai, C. Campoy, V. Carnielli, D.
Darmaun, T. Decsi,
ESPGHAN/ESPEN/ESPR/CSPEN
guidelines on pediatric parenteral
Vitamins, Clinical
Nutrition, 37 (2018) 2366-2378.

A. Bhattacharjee, S.K. Prasad, S.

Pal, B. Maji, A.K. Syamal, A.

nutrition:

Banerjee, S. Mukherjee, Protective
efficacy of folic acid and vitamin
B12  against  nicotine-induced
toxicity in pancreatic islets of the
rat, Interdisciplinary toxicology, 8
(2015) 103-111.

I.S. Ekaidem, M.I. Akpanabiatu,
F.E. Uboh, O.U. Eka, Effect of folic
acid and vitamin B 12
administration on phenytoin induced
toxicity in rats, Indian Journal of
Clinical Biochemistry, 22 (2007)

36-40.

[10] O.T. Oyebode, O.R. Adebiyi, O.O. [14] A.L. Louderback, A.J. Fontana,
Olorunsogo, Toxicity of some Calibrating fluid for blood cell
broad-spectrum antibacterials in counting and hemoglobin

2041

IJBPAS, November, 2019, 8(11)



Ahmad. M. Abdel-Mageed et al

Research Article

[15]

[16]

[17]

[18]

[19]

[20]

[21]

determination, in, Google Patents,
1976.

D.C. Cannon, R.J. Henry, J.W.
Winkelman, Clinical Chemistry:
Principles and Technics, Medical
Department, Harper and Row, 1974.
N.W. Tietz, K.O. Ash, Clinical
Guide to Laboratory Tests, Clinical
Chemistry, 41 (1995) 1548-1548.

D. Young, Effects of drugs on
Clinical Lab, in, Tests, 4th ed
AACC Press, 1995.

D. Watson, A simple method for the
determination of serum cholesterol,
Clinica chimica acta, 5 (1960) 637-
643.

P. Fossati,

L. Prencipe, Serum

triglycerides determined
colorimetrically with an enzyme that
produces peroxide,
Clinical chemistry, 28 (1982) 2077-
2080.

A. Burtis, Textbook of
Clinical Chemistry, AACC 1999,
Tietz NW et al. Clinical Guide to

Laboratory Tests, 3rd ed AACC, 50

hydrogen

Tietz

(1995).

A. Sethi, S. Moorthy, India and
world Affairs: An annual
bibliography, 1982, International

Studies, 23 (1986) 373-527.

[22]

[23]

[24]

[25]

[26]

S. Marklund, G. Marklund,
Involvement of the superoxide anion
radical in the autoxidation of
pyrogallol and a convenient assay
for superoxide dismutase, European
journal of biochemistry, 47 (1974)
469-474.

S. Kei, Serum lipid peroxide in
cerebrovascular disorders
determined by a new colorimetric
method, Clinica chimica acta, 90
(1978) 37-43.

S.L. Morgan, J.E. Baggott, W.H.
Vaughn, P.K. Young, J.V. Austin,
C.L. Krumdieck, G.S. Alarcon, The

effect of folic acid supplementation

on the toxicity of low-dose
methotrexate in  patients with
rheumatoid arthritis, Arthritis &

Rheumatism: Official Journal of the

American College of
Rheumatology, 33 (1990) 9-18.

D.M. Mintzer, S.N. Billet, L.
Chmielewski, Drug-induced

hematologic syndromes, Advances
in hematology, 2009 (2009).

S.A. Al Qahtani, Drug-induced
megaloblastic, aplastic, and
hemolytic anemias: current concepts

of pathophysiology and treatment,

IJBPAS, November, 2019, 8(11)

2042



Ahmad. M. Abdel-Mageed et al

Research Article

[27]

[28]

[29]

[30]

[31]

Int J Clin Exp Med, 11 (2018) 5501-
5512.

R.B. Walter, F. Milano, T.M.
Brasky, E. White, Long-term use of

acetaminophen, aspirin, and other

nonsteroidal anti-inflammatory
drugs and risk of hematologic
malignancies: results from the

prospective Vitamins and Lifestyle
(VITAL) study, Journal of clinical
oncology, 29 (2011) 2424.

D.J. Kuter, G.S. Tillotson,
Hematologic effects of
antimicrobials:  focus on  the
oxazolidinone linezolid,

Pharmacotherapy: The Journal of
Human Pharmacology and Drug
Therapy, 21 (2001) 1010-1013.
M.A. El Shemy, Protective effects
of curcumin against Augmentin-
induced hepatotoxicity in rats.

K. Opyedeji, A. Bolarinwa, S.
Ojeniran, Effect of paracetamol
(acetaminophen) on haematological
and reproductive parameters in male
albino rats, IOSR Journal of
Pharmacy and Biological Sciences
(IOSR-JPBS), 4 (2013) 1-6.

M. Merchant, D.N. Modi, Acute and
effects of

chronic aspirin  on

hematological =~ parameters  and

[32]

[33]

[34]

[35]

[36]

hepatic ferritin expression in mice,
Indian journal of pharmacology, 36
(2004) 226.

E. Atzpodien, N. Mehdi, D. Clarke,
S. Radhofer-Welte, Subacute and
chronic oral toxicity of lornoxicam
in cynomolgus monkeys, Food and
chemical toxicology, 35 (1997) 465-
474.

P.J. Delves, S.J.
M.

Martin, D.R.

Burton, Roitt, Essential
immunology, John Wiley & Sons,
2017.

V. Kuhn, L. Diederich, T.S. Keller
1V, C.M. Kramer, W. Liickstadt, C.
Panknin, T. Suvorava, B.E. Isakson,
M. Kelm, M.M. Cortese-Krott, Red
blood cell function and dysfunction:
redox regulation, nitric oxide
metabolism, anemia, Antioxidants &
redox signaling, 26 (2017) 718-742.
A. Nurden, K. Freson, U. Seligsohn,
Inherited
Haemophilia, 18 (2012) 154-160.

S. Maggini, E.S. Wintergerst, S.

platelet disorders,

Beveridge, D.H. Hornig, Selected
vitamins and trace elements support
immune function by strengthening
epithelial barriers and cellular and

humoral immune responses, British

IJBPAS, November, 2019, 8(11)

2043



Ahmad. M. Abdel-Mageed et al

Research Article

[37]

[38]

[39]

[40]

[41]

Journal of Nutrition, 98 (2007) S29-
S3s.

A. Zufferey, R. Kapur, J. Semple,
Pathogenesis and  therapeutic
mechanisms in immune
thrombocytopenia (ITP), Journal of
clinical medicine, 6 (2017) 16.

A.S. Delemos, M. Ghabril, D.C.
Rockey, J. Gu, H.X. Barnhart, R.J.
D.E. Kleiner, H.L.

D.-I.LLI.  Network,

Fontana,
Bonkovsky,
Amoxicillin—clavulanate-induced
liver injury, Digestive diseases and
sciences, 61 (2016) 2406-2416.

J. Lee, S. Ji, B. Kim, S. Yi, K. Shin,
J.Y. Cho, K. Lim, S.H. Lee, S.H.
Yoon, J.Y. Chung, Exploration of
biomarkers for
amoxicillin/clavulanate-induced
multi-omics

liver injury:

approaches, Clinical and
translational science, 10 (2017) 163-
171.

A. Ricart, Drug-induced liver injury
in Oncology, in, Oxford University
Press, 2017.

S. Kalender, A. Ogutcu, M.
Uzunhisarcikli, F. Acgikgoz, D.
Durak, Y. Ulusoy, Y. Kalender,
Diazinon-induced hepatotoxicity

and protective effect of vitamin E on

[42]

[43]

[44]

[45]

[46]

[47]

some biochemical indices and
ultrastructural changes, Toxicology,
211 (2005) 197-206.

I.G. McFarlane, Autoantibodies in
alcoholic liver disease, Addiction
Biology, 5 (2000) 141-151.

R. Polosova, V. Balashev, Effect of
various antibiotics on the circulation
of proteins between the blood and
lymph in macro-organisms,
Antibiotiki, 29 (1984) 830-834.
K.N. Agbafor, C. Offor, I. Obiudu,
Hepatobilliary toxicity of
ciprofloxacin (an antibiotic) in
albino rats, IOSR Journal of Dental
and Medical Sciences, 14 (2015) 29-
34.

R. Moll, B. Davis, Iron, vitamin B12
and folate, Medicine, 45 (2017) 198-

203.

M.S. AL-Harbi, Ameliorative
effects of silymarin and Nigella
sativa extract on paracetamol
induced hyperlipidemia and

oxidative stress in heart tissues in
male mice, Journal of Chemical and
Pharmaceutical Research, 7 (2015)
925-933.

Y. Panahi, Y. Ahmadi, M.
Teymouri, T.P. Johnston, A.

Sahebkar, Curcumin as a potential

IJBPAS, November, 2019, 8(11)

2044



Ahmad. M. Abdel-Mageed et al

Research Article

[48]

[49]

[50]

[51]

[52]

candidate for treating
hyperlipidemia: a review of cellular
and metabolic mechanisms, Journal
of cellular physiology, 233 (2018)
141-152.
Z. Xu, N. Hua, J.S. Godber,
Antioxidant activity of tocopherols,
tocotrienols, and v-Oryzanol
components from rice bran against
cholesterol oxidation accelerated by
2, 2 ‘-Azobis (2-
methylpropionamidine)
dihydrochloride, Journal of
Agricultural and Food Chemistry,
49 (2001) 2077-2081.

D. Choudhury, Z. Ahmed, Drug-
associated renal dysfunction and
injury, Nature Reviews Nephrology,
2 (2006) 80.

V. Gounden, 1. Jialal, Renal function

tests, in: StatPearls [Internet],
StatPearls Publishing, 2018.
J.G. Abuelo, Normotensive

ischemic acute renal failure, New
England Journal of Medicine, 357
(2007) 797-805.

P.W. Veenboer, J.R. Bosch, Upper
Urinary Tract Function (Reflux,
Obstruction, and Kidney Function),
in: Neuro-Urology, Springer, 2018,

pp. 233-248.

[53]

[54]

[55]

[56]

[57]

R.L. Luciano, M.A. Perazella, Drug-
Induced Acute Kidney Injury, in:
Core Concepts in Acute Kidney
Injury, Springer, 2018, pp. 145-163.
J. Belliere, N. Meyer, J. Mazieres, S.
Ollier, S. Boulinguez, A. Delas, D.
Ribes, S. Faguer, Acute interstitial
immune
checkpoint British
journal of cancer, 115 (2016) 1457.

E. Suhartono, I. Iskandar, H. Siti, F.
Yudi,

nephritis  related to

inhibitors,

Phytochemical constituents
analysis and neuroprotective effect
of leaves of Gemor (Nothaphoebe
coriacea) on cadmium-induced
neurotoxicity in rats: An in-vitro
study, International Journal of
Toxicological and Pharmacological
Research, 7 (2015) 297-302.
M.T. Olaleye, B.J. Rocha,
Acetaminophen-induced liver
damage in mice: effects of some
medicinal plants on the oxidative
defense system, Experimental and
Toxicologic Pathology, 59 (2008)
319-327.

V. Liakopoulos, S. Roumeliotis, X.
Gorny, E. Dounousi, P.R. Mertens,
Oxidative stress in hemodialysis

patients: a review of the literature,

IJBPAS, November, 2019, 8(11)

2045



Ahmad. M. Abdel-Mageed et al

Research Article

[58]

[591

[60]

[61]

Oxidative medicine and cellular
longevity, 2017 (2017).

M.B. Cimen, Free radical
metabolism in human erythrocytes,
Clinica chimica acta, 390 (2008) 1-
11.

Y.-Z. Fang, S. Yang, G. Wu, Free
radicals, antioxidants, and nutrition,
Nutrition, 18 (2002) 872-879.

A.C. Famurewa, O.G. Ufebe, C.A.
Egedigwe, O.E. Nwankwo, G.S.
Obaje,

Virgin ~ coconut  oil

supplementation attenuates acute
chemotherapy hepatotoxicity
induced by anticancer drug

methotrexate via inhibition of
oxidative stress in rats, Biomedicine
& Pharmacotherapy, 87 (2017) 437-
442.

Y. Du, J. Wang, F. Zhu, D. Mai, Z.
Xiang, J.  Chen, R. Guo,
Comprehensive assessment of three
typical antibiotics on cyanobacteria
(Microcystis ~ aeruginosa):  The

impact and recovery capability,

[63]

[64]

[65]

aeruginosa, Ecotoxicology and
environmental safety, 86 (2012) 23-
30.

Y. Liu, S. Chen, X. Chen, J. Zhang,
B. Gao,

Interactions  between

Microcystis aeruginosa and
coexisting amoxicillin contaminant
at different phosphorus levels,
Journal of hazardous materials, 297
(2015) 83-91.

L. Chaika, V. Povolotskaia, V.
Libina, A. Rosliakov, A. Petrenko,
The effect of paracetamol and its
combinations with acetylsalicylic

and ascorbic acids on lipid
peroxidation processes in the rat
liver, Eksperimental'naia 1
klinicheskaia
(1996) 43-46.
K. Miazek, B. Brozek-Pluska, Effect
of PHRs and PCPs on Microalgal

Growth,

farmakologiia, 59

Metabolism and
Microalgae-Based  Bioremediation
Processes: A Review, International

journal of molecular sciences, 20

Ecotoxicology and environmental (2019) 2492.
safety, 160 (2018) 84-93. [66] M.F.  Olaniyan, T.  Afolabi,
[62] Y. Liu, Y. Guan, B. Gao, Q. Yue, Scavenging antioxidative
Antioxidant responses and bioactivities of cucumber (Cucumis
degradation of two antibiotic sativus) fruit juice in rabbits
contaminants in Microcystis overdosed with amoxicillin,
2046

IJBPAS, November, 2019, 8(11)



Ahmad. M. Abdel-Mageed et al Research Article

Biomedical and Biotechnology [69] M. Savran, E. Cicek, D. Doguc, H.
Research Journal (BBRJ), 2 (2018) Asci, S. Yesilot, I. Candan, B.
276. Dagdeviren, F. Cankara, M. Oncu,

[67] A. Rahal, A. Kumar, V. Singh, B. A. Uguz, Vitamin C attenuates
Yadav, R. Tiwari, S. Chakraborty, methotrexate-induced oxidative
K. Dhama, Oxidative stress, stress in kidney and liver of rats,
prooxidants, and antioxidants: the Physiology international, 104 (2017)
interplay, BioMed research 139-149.

international, 2014 (2014).

[68] A.A. El Faras, A.L. Elsawaf,
Hepatoprotective activity of
quercetin  against  paracetamol-

induced liver toxicity in rats, Tanta

Medical Journal, 45 (2017) 92.

2047
IJBPAS, November, 2019, 8(11)



