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Abstract: Cefepime belongs to the fourth generation cephalosporin family of antibiotics, it showed side effects such as
nephrotoxicity and neurotoxicity. However little reports showed its hepatotoxic effects. The aim of the current study was to
evaluate cefepime-induced hepatotoxicity and its associated histopathological changes in the liver. Also, it aimed to examine the
effects of cefepime treatment on the proinflammatory cytokines as well as the protective and recovering roles of vitamin C
against the cefepime-induced effects. . Blood samples were collected and the liver enzymes in serum ALT, AST and Total
Bilirubin (T. Bil.) were estimated biochemically; liver tissues were collected and divided into two parts: the first part were fixed
for histopathological examination by H&E staining whereas the other part was processed for RNA extraction and further for
real time PCR examination of the mRNA expression of ILIf3 and TNFa. Cefepime could significantly increase the concentration
of ALT, AST, T. Bil. as well as the mRNA expression of proinfllmmatory cytokines IL1f3 and TNFa; histopathological changes in
the form of hepatic lobules distortion, marked degeneration, hepatocellular vacuolation and necrosis, nuclear pyknosis, scattered
apoptosis, distortion of portal areas and marked fibrosis were observed after two weeks of cefepime administration; co-
administration of vitamin C with cefepime or administration administering it for 7 days after cefepime could successfully
improve the levels of ALT, AST, T. Bil., histopathological and mRNA expression of ILI3 and TNFa. The current study suggested
that cefepime has hepatotoxic effects shown as alternation of the liver enzymes, changing in the histopathological features as
well as stimulating the inflammation in the liver tissue. Vitamin C can be used as a protective or recovering drug against
cefepime-induced hepatotoxicity.
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1. INTRODUCTION

Patient’s health is harmfully and mischievously affected by
drugs administration. The excessive and prolonged usage of
such medications are relatively common causes of vital
organs toxicity'?. Liver is commonly subjected to injury
resulting from therapeutic drugs administrations ** as it is the
site in which many drugs and nutrients are metabolized and
bio-transformed. Also, it is the organ where bile acids are
synthesized, concentrated and secreted and excretion of
other toxicants such as bilirubin.® Exposure to
pharmacological drugs and other non-pharmacological agents
may cause liver damage or hepatotoxicity’ which is
considered as an adverse reaction of the drugs.? All kinds of
hepatotoxicity are idiosyncratic. * * '° Depending on the
predominant enzyme values, hepatotoxicity may be either
hepatocellular injury or cholestatic in origin. In hepatocellular
pattern, ALT and/or AST value is higher than ALP. On the
other hand, cholestatic injury patterns show higher ALP
value. > "' In cholestatic diseases, hepatocellular apoptosis
was stimulated with activated Kupffer cells associated with
neutrophil infiltration leading to triggering an immune
reaction in the form of inflammation mediated by reactive
oxygen species'?, cytokines, chemokines and consequently
bile production capacity of hepatocytes is decreased. '* A
wide range of drugs are stimulators of hepatotoxicity
including antibiotics, non-steroidal anti-inflammatory drugs,
anti-tubercular  drugs,  anti-retroviral  drugs,  anti-
hyperlipidemic drugs, an aesthetic agents, anti-rheumatic
drugs, neuroleptic drugs or antipsychotic drugs, drugs of
abuse and anti-hypertensive drugs are the most common
drugs to cause liver damage, however antibiotics are still the
most common causes of liver damage? '* 2!
Cephalosporins are a group of antibiotics associated with
nephrotoxicity’?, however many observations reported that
those groups are associated with little or no hepatotoxicity.?
Cefepime is a member of the 4" generation cephalosporin
family with broad spectrum of antimicrobial activities, it is
recommended for a variety of infections.* It is characterized
by well-tolerability with few side effects. It has been well
reported that there is a possible relation between cefepime
and nephrotoxicity and biochemical alterations, especially
when administered at high doses 2 %, however its
hepatotoxicity has not been well focused and studied.
Administration of cefepime resulted in production of
oxidative stress which can be observed either by detection of
oxygen free radicals such as reactive oxygen species (ROS)
or other similar substances in the kidney or liver '* %, or by
presence of chronic inflammatory immune response in the
form of increasing inflammatory cytokine markers and
fibrosis.”® Recently, it is of great medical importance to find
out a successful strategy to fight against the deleterious
effects of antibiotics, especially those caused by cefepime. It
was suggested that cellular antioxidant activity is enhanced by
using dietary antioxidants or antioxidant drugs.?” %
Supplementation of antioxidants such as Vit. C can be
considered as the alternative method for chelation therapy.”
It has an ability to scavenge free radicals and ROS, which are
synthesized during metabolic processes.’*® The aim of this
study was to examine the cefepime-induced hepatotoxic
effects, studying the histopathological changes in the liver
caused by the cefepime as well as its effects on the pro-
inflammatory cytokines. One of the main aims of the current
study was to find out a successful strategy to minimize and
recover the damage in the liver caused by administration of
cefepime by using potential antioxidant such as vitamin C.
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Minor objectives in this study are summarized in the
following specific questions: |) Did the liver functions
mediated by ALT, AST and bilirubin change in response to
cefepime administration? 2) Did the mRNA expression of
pro-inflammatory cytokines IL-I and TNF-a change after
cefepime treatment? 3) Did cefepime change the normal
histological structure of the liver? 4) Did vitamin C improve
the cefepime-induced hepatic injury?

2, MATERIALS AND METHODS

2.1  Drug and ascorbic acid

Cefepime was purchased from a local Egyptian pharmacy and
ascorbic acid was obtained from Al-Gomhouria Company for
medicines and medical supplies Cairo, Egypt.

2.2  Experimental animals

Twenty-five adult males Wistar albino rats (100-140 g) were
obtained from the Nile for Pharmaceuticals & Chemical
Industries Cairo, Egypt. Animals were fed ad libitum and had
free access to water and kept at room temperature for one
week before starting the experiment for acclimatization. All
of the experiments were performed after the author has
been approved by the National Committee of Bioethics
(NCB E), King Abdulaziz City for Science and Technology
(KACST) with the approval No. 1009830.

2.3  Experimental Design

Rats were divided into five different groups, five rats each.
The hepatotoxic effects were measured after twenty-one
days. The experimental groups are shown as follows:

* Group I: received distilled water throughout the period of
the experiment.

* Group 2: received 100mg/kg B.W /day of cefepime for I5
days.

* Group 3: received 100mg/kg B.W/day of cefepime +
1000mg/kg B.W/day of ascorbic acid at the same time for 15
days.

* Group 4: received 100mg/kg B.W/day of cefepime for |5
days followed by 1000mg/kg B.W/day of ascorbic acid for 7
days.

Group 5: received 100mg/kg B.W/day of cefepime for I5
days followed by slain for 7 days.

The drugs in all groups were given to rats orally.

2.4  Serum biochemical analysis

Whole blood samples were collected using ocular puncture
technique, left up right for 15 minutes and centrifuged at
3000 rpm for 10 minutes. Then the serum was used to
estimate AST, ALT and total bilirubin.?'

2.5 Tissue samples

The liver tissues were quickly removed after scarification,
washed with physiological saline, and separated into two
parts: the first part was stored in Triazole reagent for real-
time gene expression analysis and stored at -20 °C. The
second part from hepatic tissue was fixed in 15 %
formaldehyde solution for pathological examination.™
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2.6 Determination of Alanine aminotransferase (ALT),
Aspartate aminotransferase (AST) and serum
Bilirubin

The ALT, AST and serum bilirubin, as indicators for liver
function, were estimated in all animals according to the
standard procedure " *

2.7 Pathological examination

Formalin fixed specimens were routinely dehydrated in
ascending series of alcohol, cleared in xylol, and finally
embedded in paraffin. 4-5 pm-thick tissues were sectioned
and processed for H&E staining®’. Tissue slides were
examined and were compared to their corresponding
controls.

2.8 Gene expression analysis

Total RNA was extracted from liver tissues by TRIZOL
reagent according to the manufacturer's instructions. RT-
qPCR was performed by the use of SYBR® Green dye (One-
Step RT-PCR Kit, Bio Rad) on a Rotor-Gene Q real-time
PCR cycler. The sequence of primer were as follow; ILI3 F
5" -CAACAAAAATGCCTCGTGCTG-3' ILIB R 5'
TCGTTGCTTGTCTCTCCTTGTAS' **, TNFa R 5'- 5'-
GGCTCTGAGGAGTAGACGATAA3' and pB-actin F 5'-
CGGTCAGGTCATCACTATCGG-3' B-actin R 5- 5'-
TCTTTACGGATGTCAACGTCACACS3'*® The amplification
steps for IL1[3 were carried out in primary denaturation at 95
°C for 10 min. RT-qPCR was performed in 40 cycles
(including secondary denaturation at 95 °C for |5 sec,
annealing at 60 C for 20 sec, and extension at 72 C for 25
sec)*. The amplification steps for TNFa and B-actin were as
follow: a first denaturation at 95 °C for 10 min; RT-qPCR of
40 cycles with a three-step program (15 sec at 95 °C for
denaturation, 20 sec at 60 °C for annealing, and 25 sec at 72
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°C for extension). B-actin was used as the internal control
gene to normalize the gene expression data. ** The 24 AACT
method was used for the analysis of gene expression.

3. STATISTICAL ANALYSIS

Data were analyzed by Analysis of Variance (one-way
ANOVA test) using Tukey post hoc test; SPSS version 21
software was used for statistical analysis tests. Values were
presented as mean + S.E.M. Values are considered significant
at P value < 0.05 (Tukey post hoc test).*'

4. RESULTS

4.1 Biochemical examination of liver enzymes and
total bilirubin

Fig. 1(A, B and C) shows significant increase in the
concentrations of ALT, AST and T. Bil. compared to normal
untreated control in response to cefepime treatment for two
weeks, the concentration of ALT was decreased significantly
by simultaneous treatment with vitamin C and cefepime,
however such decrease is still significantly higher than the
level of normal untreated group (Fig. |A). The elevated
concentration of AST by cefepime was not statistically
affected by simultaneous administration of vitamin C,
whereas the elevated concentration of T. Bil by cefepime was
significantly downregulated by simultaneous treatment of
vitamin C to a level statistically same as normal untreated
group (Fig. 1C). Fig. 2 explains the effects of vitamin C
administration for 7 days after following two weeks of
cefepime administration on the concentration of liver
enzymes and T. Bil. After two weeks of administration of
cefepime and treatment with saline for another 7 days, the
concentration of ALT, AST and T. Bil. was still increasing
significantly; such increase is significantly decreased to a level
comparable to the normal level of the untreated group (Fig.
2A, B and C).
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Values are the mean £ SEM.; a, b and c represent the result of the statistical analysis of each experimental group. Different letters indicate
significant differences between groups. Values were considered significant when P < 0.05.

Fig. |I. The change in the concentration of ALT (A), AST (B) and Total bilirubin (c) in response to cefepime
treatment and the effect of the simultaneous administration of vitamin C with cefepime on the changes in their
concentrations.
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Values are the mean * SEM; a, b and c represent the result of the statistical analysis of each experimental group. Different letters indicate significant
differences between groups. Values were considered significant when P < 0.05.

Fig. 2. The effects of 7 days administration of vitamin C on the change in the concentration of ALT (A), AST (B)
and Total bilirubin (C) following two weeks of cefepime treatment.
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significant differences between groups. Values were considered significant when P < 0.05.

Fig. 3. The change in the mRNA expression of proinflammatory cytokines ILIB (A) and TNFa (B) in response to
treatment with cefepime and the effect of the simultaneous administration of vitamin C with cefepime on the
changes in their mRNA expression.

4.2 Examination of mRNA expression of

proinflammatory cytokines

In Fig. 3, cefepime treatment for two weeks increased the
level of MRNA expression of proinflammatory cytokines IL1(3
and TNFa (Fig. 3A and B), such increase in the mRNA of
ILIB was significantly decreased by vitamin C treatment,
however the level is still higher than normal untreated
groups (Fig. 3A) whereas the simultaneous treatment of

vitamin C with cefepime did not change the level of mMRNA of
TNFa (Fig. 3B). In Fig. 4, treatment with cefepime for two
weeks followed by another 7 days of saline treatment
increased the mRNA expression of ILIB and TNFa.
Treatment with cefepime for two weeks followed by 7 days
of vitamin C significantly downregulated the mRNA
expression of ILI and TNFa to the untreated normal level
(Fig. 4A and B).
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Values are the mean £ SEM.; a, b and c represent the result of the statistical analysis of each experimental group. Different letters indicate
significant differences between groups. Values were considered significant when P < 0.05.

Fig. 4. The effects of 7 days administration of vitamin C following cefepime treatment on the change in the
mRNA expression of ILI (A) and TNFa (B).

4.3 Histopathological examination

The effects of cefepime treatment as well as the effects of
vitamin C on the cefepime histopathological-induced liver are
illustrated in Fig. 5. Livers of control animals showed normal
histological structural features of the central vein, portal
areas and hepatic cells (A). Histopathological changes in the
liver of cefepime treated animals were explained (Fig. 5B, C
and D). A distortion of the portal areas with dilated vessels,
intense inflammatory cells infiltration and fibrous tissue
proliferation were observed in the liver of cefepime treated
animals (Fig. 5A, B and C). Also, distortion in architecture of
the cefepime treated liver was seen represented by irregular
arrangement of hepatic strands and marked degeneration,
vacuolation of the hepatic cells with fat cyst formation with
sometimes cytoplasmic reticulation and containing pyknotic
or fragmented nuclei as well as hepatocellular necrosis and
scattered apoptosis (Fig. 5D). The histopathological changes
in the liver of cefepime treated rats followed by treatment
with saline for 7 days are shown in Fig. 5E and F; the liver of
this group showed diffuse hepatocellular vacuolar

degeneration and portal areas enlargement with fibrous
proliferation and inflammatory cells infiltration (Fig. 5E). The
vacuoles in the diffuse hepatocellular vacuolar degeneration
were well-circumscribed of variable sizes, with signet ring
appearance of most cells at which the vacuole pushed the
nucleus to the periphery. Sometimes scattered fat cysts were
observed with necrotic cells (Fig. 5F). Regarding livers of
Cefepime and vitamin C co-administered rats (Fig. 5G and
H), the examination of which showed moderate degree of
hepatocellular vacuolar degeneration, nuclear pyknosis and
scattered necrosis with marked protection of the portal
tracts, few of which showing very mild inflammatory cells
infiltration. While livers of rats given Cefepime for 2 weeks
followed by vitamin C (Fig. 5| and K) showed good
restoration of the hepatic parenchymal cells with mild
scattered vacuolar degeneration and necrosis of the hepatic
cells, notice mononuclear inflammatory cells infiltration in
some portal areas (Fig. 5I). Some livers showed very mild
hepatic cells degenerative and necrotic changes and few
nuclear pyknosis (Fig. 5K).
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Fig. 5 (A-K). Photomicrographs for the histopathological changes in the liver describing the cefepime-induced
damage in the liver and the recovering effects of vitamin C on the damage occurred.

A)Liver of control rat showing normal histological structure
of the central vein (CV) and hepatic cells (HCs). (H&E,
X200). B) Liver of cefepime administered rat showing
distortion of the portal areas with dilated vessels,
inflammatory cells infiltration (arrow) and fibrous tissue
proliferation. (H&E, X200). C) Liver of cefepime
administered rat showing distortion of the portal areas with
intense inflammatory cells infiltration (arrows) and fibrous
tissue proliferation (dashed arrows). (H&E, X200). D) Liver
of cefepime administered rat showing distortion of the
hepatic lobules and marked degeneration, vacuolation
(arrow) of the hepatic cells with fat cyst formation and
cytoplasmic reticulation (short arrow) that containing
pyknotic or fragmented nuclei as well as hepatocellular
necrosis (dashed arrows) and scattered apoptosis (thin
arrow). (H&E, X400). E) Liver of cefepime administered rat

for 2 weeks followed by saline showing diffuse hepatocellular
vacuolar degeneration (arrow) and portal areas enlargement
with fibrous proliferation with inflammatory cells infiltration
(dashed arrow). (H&E, XI100). F) Liver of cefepime
administered rat for 2 weeks followed by saline showing
diffuse hepatocellular vacuolar degeneration of variable sizes
well-circumscribed vacuoles (arrow), signet ring appearance
of most cells (dashed arrow), scattered fat cyst formation
(thin arrow) and necrotic cells (short arrow). (H&E, X200).
G) Liver of cefepime and vitamin C co-administered rat
showing moderate degree of hepatocellular vacuolar
degeneration (thin arrows) and scattered necrosis (thin
dashed arrows) with marked protection of the portal tracts
(thick dashed arrow), few of which showing very mild
inflammatory cells infiltration. (H&E, X100). H) Liver of
cefepime and vitamin C co-administered rat showing
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moderate hepatocellular vacuolar degeneration (arrow),
necrosis (dashed arrow), nuclear pyknosis (thin arrow) and very
few inflammatory cells infiltrating some portal areas (short arrow).
(H&E, X200). J) Liver of rat administered cefepime for 2
weeks followed by vitamin C showing good restoration of
the hepatic parenchymal cells with mild scattered vacuolar
degeneration (arrow) and necrosis (thin arrow) of the
hepatic cells, notice mononuclear inflammatory cells
infiltration (dashed arrow) in some portal areas. (H&E,
X200). K) Liver of rats administer cefepime for 2 weeks
followed by vitamin C showing good restoration of the
hepatic tissue with very mild hepatic cells degenerative
(arrow) and necrotic (dashed arrow) changes and few
nuclear pyknosis. (H&E, X200).

5. DISCUSSION

The current investigation intended to study some of the
cefepime-induced hepatotoxicity and the effects of vitamin C
as a potent antioxidant on the cefepime-induced
hepatotoxicity. The most important findings in this study are
i) two-weeks administration of cefepime could significantly
increase the concentration of ALT, AST, T. Bil. as well as the
mRNA expression of proinflammatory cytokines ILIf and
TNFa; ii) histopathological changes in the form of hepatic
lobules distortion, marked degeneration, hepatocellular
vacuolation and necrosis, nuclear pyknosis, scattered
apoptosis, distortion of portal areas and marked fibrosis
were observed after two weeks of cefepime administration;
iii) co-administration of vitamin C with cefepime could
partially improve the concentration of ALT, AST, mRNA
expression of ILI3 and TNFa; and completely improved the
concentration of T. Bil; iv) administration of vitamin C for 7
days after two weeks of cefepime administration completely
improved the concentration of ALT, AST, T. Bil. as well as
the mRNA expression of proinflammatory cytokines ILIf3
and TNFa; v) good restoration of normal histological
structure of the liver was obtained after vitamin C
administration. Liver is a very important organ in
metabolizing drugs and elimination of drug metabolites, thus
it may be subjected to some damage or hepatotoxicity when
drugs such as NSAIDs and antibiotics such as augmentin
were administered. > '*3¢% Although many reports suggested
that cefepime causes neurotoxicity and nephrotoxicity ** ¥,
many reports showed that cefepime has little or no
hepatotoxic effects, however other reports stated that
cefepime-induced hepatotoxicity is rare and even it might not
cause hepatotoxicity. 2 “ The results of the current study
showed that cefepime had severe hepatotoxic effects at the
levels of histological structures, liver enzymes as well as the
mRNA expression of proinflammatory cytokines; such
conflict whether cefepime causes severe liver injury, mild
injury or even it is safe may be attributed to the idiosyncratic
drug hepatotoxicity.* In the current study, the
histopathological examinations of the liver of the cefepime
treated rats as well as those treated with saline after
cefepime showed marked hepatocellular degeneration,
vacuolation, necrosis, nuclear pyknosis, fat cells formation,
apoptosis, inflammatory cells infiltration and marked fibrosis
in the portal areas. Some of the above-mentioned
histopathological changes such as lymphatic inflammatory
infiltration and presence of fat vacuoles were observed in the
liver of 14-days infants rats whose mothers were treated
with maxipime (cefepime hydrochloride).” The cause of such
liver injury was attributed to an immunoallergic reaction
against the structural B-lactam 4-ring.*> * The liver enzymes
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are very important factors indicating the liver functions. They
are localized in the cytoplasm and mitochondria of the
hepatocytes. Any change in the hepatocyte permeability may
lead to the releasing of those enzymes. Necrosis also may be
a cause of such increase in the level of ALT and AST.* *
Using  antibiotics such as augmentin, cyclosporin,
ciprofloxacin was proven to increase the serum levels of ALT
and AST through changing the permeability of mitochondrial
and cellular membranes. “ In a case treated with cefepime, it
was suggested that liver biochemistry showed elevation in
the concentration of serum total bilirubin, ALT and AST. “
4% In our work, hepatocellular necrosis was observed in
liver cells of rats treated with cefepime, thus we agree with
the point of view which attributes the increase of liver
enzymes to the necrosis and alternation of membrane
permeability of hepatocytes. In the current study, lipid
vacuolations were observed in the hepatocytes of cefepime
treated rats, such phenomenon was supported by the
findings which suggested that cefepime interferes with the
correlation of RNA with ribosomes, leading to lacking of
protein building information which is a reason for the
depletion in the synthesis of lipid acceptor protein in the
hepatocytes, leading to inability of triglycerides to leave the
hepatocytes resulting in accumulation of lipid inside the
hepatocytes.* * Histopathological examination of the liver of
cefepime-treated rats showed scattered apoptotic cells, the
cause of such apoptosis may be attributed to the drug which
stimulated an intrinsic intracellular pathway which may cause
inhibition of DNA and RNA synthesis and delayed or
inhibited the cell division ** *', thus causing nuclear DNA
damage. ILIB and TNFa cytokines are endowed with an
outstanding tissue-damaging potential, including induction of
apoptosis. *>** Marked upregulation in the mRNA expression
of proinflammatory cytokines ILIB and TNFa was observed
in the cefepime-treated rats. Such upregulation in the level of
proinflammatory cytokines may be a reason for the apoptosis
in the hepatocytes observed. A close relation between the
upregulation of the proinflammatory cytokines ILI and
TNFa and apoptosis was confirmed in the kidney by Rama
Falk et al (2005) who suggested that apoptosis in the renal
cells was appeared in response to upregulation of ILIf3 and
TNFa which are potential mechanism of tissue toxicity. * It
was also noticed that apoptosis was induced in leukemic HL-
60 and K 562 cell lines by ILI3 and TNFa through activation
of caspase ** and in primary cultured thyroid cells by ILIB
adenylyl cyclase and ERKI/2 inhibition. ** The increased
proinflammatory cytokines together with the presence of
inflammatory cells infiltration in the cefepime-treated rats
indicate a stage of developing hepatic inflammation, such
observations were supported by the previous reports which
focused on the hepatic inflammatory diseases. ** >’ It was
suggested that the inflammatory cells infiltration can be
progressed into fibrous tissue through overproduction of
ROS after triggering high levels of ILIB, 2, 6, 7 and TNFa. **
%% Similar findings were demonstrated in the current work,
histopathological demonstration of the liver of cefepime-
treated rats revealed the presence of inflammatory cells
infiltrations, and marked production of fibrotic tissues in
accordance with the elevated levels of proinflammatory
cytokines ILIB and TNFa. Thus, we believe that the
observed liver fibrosis may be attributed to the upregulated
ILIB and TNFa and the inflammatory cell infiltrations. It was
suggested that the acetaminophen-induced upregulation of
ALT and AST was downregulated to a level statistically
equivalent to the normal levels by using vitamin C ¢ ¢!, the
findings of our work showed similar results of improving the
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cefepime-induced high level of ALT, AST and T. Bil. either by
co-administration of vitamin C with cefepime or by
administration of vitamin C after finishing the course of
cefepime. Such improvement in the levels of liver enzymes
together with the high degree of restoration of the normal
histological appearance of the liver indicated the potent
capability and the role of vitamin C to restore the normal
functions of the hepatocytes, such effects were explained
depending on the anti ROS effects of vitamin C. ¢ Vitamin C
is considered as a potent anti-inflammatory drug through the
inhibition of ROS which is a mediator for production of
proinflammatory cytokines in several inflammatory diseases.
65 Also, it has a protective effect against hepatotoxicity. *°
The anti-inflammatory effects of vitamin C were confirmed in
our current study which showed a restoration of the normal
levels of the mRNA expression of ILI3 and TNFa either by
simultaneous administration of vitamin C with cefepime or by
its administration for a week after finishing the cefepime
treatment. It was suggested that hepatocellular damage by
inflammatory diseases such as hepatitis can be minimized by
vitamin C through regulating the immune response. Thus,
administration of suitable doses of vitamin C during such
diseases or hepatic injury is a successful therapeutic option. ¢

6. CONCLUSION

The current study concluded that cefepime induced
hepatotoxicity for rats represented in the form of
biochemical alteration of the liver functions mediated by
enzymes. Such alternation in the biochemical functions was
associated with histopathological changes and induction of
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