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Epidermal growth factor protects against carbon tetrachloride-

induced hepatic injury
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L Epidermal growth factor (EGF) is known o pro-
tect the gastrointestinal (ract againsi  various
noxious ageris, Its polentiai value in preventing/
treating hepatic injury is, however, largely unex-
plored. We therelore examined whether EGF could
influence CCL-induced hepatic injury.

2. Female Spraguc-Dawley rats (8 per group)
received  saline or recombinant EGF (300 or
756 pg/ke, intraperitancalt 30 min hefore CCL (20%
viv, in olive oil. intraperiloneal). Cighteen hours
later; animals were Killed, serum was collected for
assay of binchemical markers of hepatic injury and
livers were removed Tor histologicnl analyses.

3. Administration of CCly resuited in severe hepatic
necrasis and cansed a 10-fold rise in plasma ulanipe
aminotransferase levels compared with levels seen
in control  animals I8+ 13 compared  with
23+9 pmel!l in contresls, mean +HL\I P00,
Seram malondialdehyde levels, used as a marker of
lipid peroxidation, showed a 2-fold rise in response
o CCLi treatment (median 4.0, guartile range
33-38 units/l compared with median 2.3, guartile
range 2.1-2.3 units/l in controls, < 0.05), Admini-
stration of LG al 500 gaiky, belore the CCLy, did
not proteet against injury, as asscssed by histology
or rise in plasma alanine aminotransferase fevels,

In eontrast, animals given EGT at 750 HeS ‘ky, before

the CCls, had only mininial changes in histology,
with only a minor rise in alanine aminotransferase
levels (3744 compared  with 239 pamol{l - in
animals nut given CCLY anrd had no signiticant rise
in malondialdehyde levels,

4. EGF protects against CCLi-induced hepatic injury
and may provide & novel approuach to the treatmient
of liver damagy,

INTRODUCTION

Fpidurmd] growth factor (EGF) is u 53 amino
acid mitogenic peptide that is produced by the sali-
vary L.!dl!d‘i and Brunners™ glands of the duodenum.
It is a potent stimulant of proliferation and healing
of the gastrointéstinal tract i vifre and in vive, act-
ing as eytoprotective agent. “stabilizing’ cells against
noxious agents such as indomethacin [1]. There is
thercfore much interest in the potential clinical
applications of reconthinant EGF for the treatment
of human gastrointestingl discase. EGF is also
potent stimulant of proliferation of hepatocytes in
vitro (e.gf1]). and may be involved in the regener-
ative procesy of the tiver after partial- hepatectomy,
as removal of the sulivary glands markedly delays
re-srowth [2]. Its pniummi value in the preventions
treatmient of epatic injury is, however, largely unexs-
plored. Carhon tetrachloride (CCL) is a thduumm
which causes mduplc‘ul damage 10 liver cells. Its
administration s associated with increased lipid per-
oxidation. destruction of cytochrome  P-430. fatty
inliltration und hepatoeyte necrosis [3]. In this study.
we examing the potential beneficiul elfeats of EGF
in preventing hepatic injury induced by CCla.

MATERIALS AND METHODS
Human recombinant EGF

Commercially availuble, human recombinant EGF
(Center for Genetie Engineering and Biotechnology.
Havana, Cuba) produced in. Saccharoniyees cere-
visiae was used for wll experiments. The peplide was
reconstituted in phosphate buffered solution, pH
7.4, and Hlter-sterilized (0.22 pm: Sartorius, Goettin-
gen, Germany) before use.
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Ethics

All animal experiments were performed under the
appropriate regulatory guidelines of the Animal
Welfare: Committee ol the Center for Genetic
Engincering and Biotechnology, Havana, Cuba,

Animals

Female Sprugue-~Dawley rats (200-220 g) were
obtuined from the Center for the Production of
Laboratory Animals {CENPALAR, IMavana, Cuba).
Anjmals were individually Tocated in wire-bowomed
cages and acclimated for 7 days before the study and
allowed food and water ed libitum throughout the
cxperiment.

Experimental protocol

After an overnight [ase vats were randomized 1o

groups of 8 and were given EGF [300 or 730 pekg,
miraperitoneal (i.p.)] or saline, i.p. Thirty minutes
ater. all animals atso received a single injection of

CCls (20% viv, in olive oil; 1T ml/kg body wt. L.p.).
An additional cight rais were also studied who did

“not receive EGF or CCli (control group) bul were

rreated inan identical fashion. Eighteen hours after

~CCL administration, all animals were anacsthetized

with dicthyl ether, blood was collected by cardiac’
puncture (for subsequent serum biochemical marker

_ussays) and the animals were then kifled by cervical
Cdiglocation. Livers were harvested and  fragments

from the central lobe were Mash-frozen and stored

i liquid uitrogen hefore subsequent microscopic
analyses. '

‘Assay methods

" Bivchemival marker assays. Alanine aminotransfer-
ase uetivity (ALAT) was measuved as an indicator of
hepatoeyle integrily and was determined using a
commercially  available test kit (Hoffmann-La
Ruche. Basel, Switzerland), based on the colori-
metric fest deseribed by Reitman and Pranket [4].
Results are expressed as units/h.

Malondiatdehyde {MDA) was used as a marker of
lipid peroxidation und was cvaluated using the thio-

barbituric aeid method [3]. Results are expressed a8
gmolsl

Histological assessment

The fiver fragments were sectioned at 5 pm and
were stained with haematoxylin and cosin and Oil
Red O w0 identify lipid droplets. Representative
samples from each experimental group were aced
onto the same shidé to standardize staining condi-
tions.

Statistieal analyses

To establish homogencity of variance for serum
ALAT levels. data were Jogin transformed before
subsequent one-way analysis of variimce, Where a
significant cffect was seen (P <0.05), individuzl com-
parisons were performed using #-lesting based on
the group means and residuals from the analysis of
varianee, a method equivalent 1o repeated measures
analyses, which takes account of multiple compaii-
sons being performed. Data are expressed as group
mean +SEM. '

The data for MDA levels were not normally dis-
tributed and were therefore analysed using, thie non-
parametric Kroskall-Wallis test, Where a significant
difference was detected (P <0.05), multiple compuri-
sons were peiformed using the non-paramelric
Dunn’s test and Mann—Whitney U-Lest .as appro-
priate. Data for MDA levels are expressed as
median and interquartile vange.

'RESULTS

Rats treated  with CCly alone had severcly

~damaged livers with extensive centrifobular zonal
necrosis extending into the mid-zonal arcas, with

preferential location on the third Rappaport’s space

- (Fig. 1. middle). Staining using Oil Red O showed a
mild lipid infiltration” characterized by small and

scattered  lipid droplets within  the  hepalocytes.
Thiese histological changes were associated with a
10-fold rise in serum ALAT activity levels compared
with rats not given CClL: (Fig. 2, top; P<0.01) and a
2fold rise in MDA activity (Fig. 2, botlemy
P<0.03). .

Administation of EGF at the lower dose
(500 -jpfkg) did not reduce CCli-induced hepatic
fnjury, ds assessed by histology. Enzyme levels were
lower than those seen in animals given CCly without
EGF, although this difference did not reath statisti-
cal significance (Fig. 2).

In contrast, rats pre-treated with the higher dose
of EGF (750 pgtkg) showced minimal changes in
histology, with only octasional scattered individual
neerotic hepatocytes (Fig. 1, botwom), Serum ALAT
levels were signilicantly lewer than those seen in
animals given CCli without EGF, and were omly
ahout 50% higher than levels secn in dnimals not
given CCls {Fig. 2. top). MDA levels were not steni-
fieantly different to those seen in animals not given

"CCl: {Fig. 2. botlam).

DISCUSSION

Our studies examincd ihe effect of EGF on the
desrce of hepatic injury induccd by CCl, as
assessed by histology and biochemical markers, EGF
markedly reduced the degree of hepatic injury in a
dose-dependent fashion.

The major sources of EGF production are in the
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Fig. 1. Effect of EGF on CCiyinduced liver injury as assessed by histology, Hacmawwyin and vosin stain, magrification « 20,
Top: control s shovang rormal hisiclogy. Middiz: raws treaied with CCl alone skowed multple farge pate loci of necrotic hepato-

cyres: inflamimatory cefls are spen within the fozi. Sotteny: rats givan EGF {750 mgfke) kefore the CCly had much less injury, showing,
isclared nepatocyts necrosis with swelting of surveang hepatocyies around the necratic cefs.



m |, Berlanga et al,

sulivary glands, Brunner's glands of the duodenum
and in the kidney. A!lhouuh circulating levels of
EGF are low, recent studies suggest that EGEF might
be importaid in stimulating fegeneration of the
injured liver; rats which have undergone partial hep-
atectomy have markedly delayed liver regencration
if their salivary glands have been remaved [2). Many
studies have shown EGF 1o be a potent stimulant of
growth for a variety of cell lines, including rat
hc;}dlm.}'lm and to act as A L}lnpmtu.tlvc agent
dgainst pasirointestinal injury [1]. There is relatively
little mlmmulmn_. however, iLng'dIn“ its potential
vahue for preventing hepatic injury.

Administration of CClL is a  well-established
method of inducing hepatic wecrosis [6]. Hs hepalox-
icity s probubly related 1o free-radical production

¢aising fipid peraxidation. as antiokidant agents can.

reduce CCls-induced injury [7]. Cleavage ol a car-
han-chioride hond from CCly generates a trichloro-
methyl free radical CClR'L which in turn roucts with
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Fig. 2. Effect of EGF on CClyinduced liver injury as assessed by bio-
chemical markers. Serum enzyme fovels were assiyed iy various groups of
£t (n=6-8 per group). Groups were: cantral, animals given CCl: {20%
viv, in oive of | adike e and animals given CCl. plus EGF {500 or
750 ngikg, ip.). Top: serum ALAT lovels. measured a5 a marker of hepato-
Cyte injury. are expressed 2s mesn ; SEM. Botrom: serum MDA levels, mea-
swed as 2 marker of lipd perncidatlon, zre expressed as midian and
irterquanile ranga. * arel #* signily P=0.05 and 0.01 compared witk con-
wot animals. + and ~+ signify P<G.05 and 0.01 compared with -animals
given CCh alane.

oxygen to form the highly reactive trichloromethyl
peroxy radical (CCLO: ) “This radical can result in
autocatalytic peroxidation of lipids within mem-
branes {7, 8]. We therefore assayed serum MDA as
a marker of thig lipid peroxidation process and mea-
sured serum ALAT as a marker of hepatic necrosis,

The biochémical and histological data derived
from these studies indicate that EGF is able o
reduce markedly the injury induced by CCli in
dosc-dependent  fashion, Qur  studies  therefore
support the previous finding that EGF can reduce
hepatocyte injury after CCly challenge /e vitro [9].
The mcchanism(s) by which EGF cxerted this effect
are unclear. Studies examining the effect of admini-
stering EGF to skin-burn sites [10} and to rat feal
fung cdt:-, stressed using hypevoxic: toxicity (111, sug-
gest that EGF stimulates the production of the antl-
oxidant superoxide dismutase. EGF may thereforg
prevent CCly-induced hepatic injury by stimulating
the production of ﬁupum.ldb dismutase in lhc
hepatoeytes. This idea is supported by the finding
that administration of cxogenous antioxidants can
reduce CCla-induced hepatic damage [7]. Other
mechanisms by which EGF might have exerted its
effects include altering blood Gow and prostaglandin
levels, which have been shown 1o change in response
1o administration of EGF during studies o gastric
models of injury.

EGF iy found in human gastric juice at relatively
high concentrations {about 300 ng/1). It probably
acts as a ‘luminal surveillance’ peptide in the gastro-
intestinal tracy, readily available o stimulate repair
ut sites of injury when the EGF receplors located on
the basolateral membranes of the  enterocyles
heeome exposed [12]. In contrast, circulating con-
centrations of endogenous EGF are extremely low,
suggesting that we are demonstrating a pharmaco-
loulmi. as opposed to a physiological, action of EGF
on s receplor.

Clinical trinls of EGF are presently underway for
the treatment of uleerative conditions of the bowel,
for conditions such as necrotizing enteroeolitis [13},
Dascs uséd in this human ivial (0.1 pg-h=-kp=! for
6 days. ic. total dose 144 pgike) are much lower
than thos¢ used in our rat study (a single injection
of 750 ug/kg). The clinical safety of such high doses
arc therefore a potential cause for concern, particu-
larly as administration of EGF 1o pigs at a dose of-
30 grg-day ~1-ke -7 for 28 days (total dose 840 1y fke)
resulted in ductal proliferation of the pancreas {14].
Caution must therefore be coxercised iF such high
levels are to be used for any profonged period in
humans.

In conclusion. our studies suggest that EGF might
provide a novel approach to the treatmént of hepa-
tic injury. Further research cxamining the potential
henefic of EGF itsell or other EGF receplor ligands,
such as TGFz and amphireguling therefore scems:
warrpnied.
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