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ABSTRACT

Epidermal growth factor (EGF) is most extensive factor secreted by subman-
dibular gland and it has important physiological roles like cell proliferation,
regulates tissue differentiation and modulates organogenesis. This study was
carried out to investigate potential effect of submandibular gland secreted
epidermal growth factor (EGF) on acetaminophen induced acute liver
damage. Acetaminophen (APAP) overdose causes acute liver injury or even
death in both humans and experimental animals. For this study mice were
divided into three groups viz- i. Control ii. Control + APAP iii. Sialoadenectomy
(submandibular gland removed) +APAP group. Mice were given acetamin-
ophen (300 mg/kg; orally) to induce acute liver injury. After 1, 3,6,12, 96 hr of
APAP administration. histology of liver and SGOT , SGPT from blood was
studied. Acetaminophen significantly increased the levels of SGOT, SGPT and
also caused severe necrotic changes in liver tissue. In group III i.e. in Sialo-
adenectomy+APAP there was significant increase in both the enzymes i.e.
SGOT and SGPT as compared to group Il i. e. Control+APAP and as time pro-
gressed i.e. from 1,3,6,12,96 hr there was significant increase in both enzymes
and show maximum value in 96 hr post treatment. Our result indicate that
submandibular gland EGF have role in proliferation of hepatocytes.
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INTRODUCTION

The liver is one of the most vital organ that functions as a center for metaboli-
sm of nutrients and excretion of waste materials. The liver handles the meta-
bolism and excretion of drugs from the body their by providing protection
against foreign substances by detoxifying and eliminating them. Paracetamol
(acetaminophen) is a widely used antipyretic and analgesic which produces
acute liver damage if overdoses are consumed. Paracetamol is mainly metabo-
lized in liver to excretable glucuronide and sulphate conjugates (Nanji et al,
2002 ; Jollow et al,. 1974). Paracetamol can extensively metabolized by the
liver via three main pathways; sulfonation, glucronidation and oxidation
(Mitchell et al,, 1974). The first two pathways are quantitatively more impor-
tant than the last one, but the oxidative pathway is the culprit as far as toxicity
is concerned (Jollow et al, 1974). Oxidation of paracetamol occurs in the
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hepatic microsomes and is primarily catalyzed by cyto-
chrome P-450 (Potter et al, 1973). However, the heap-
totoxicity of paracetamol has been attributed to the
formation of toxic metabolites when a part of parace-
tamol is activated by hepatic cytochrome P-450 (Savides
and Oehme,1983) to a highly reactive metabolite
N-acetyl -P-benzoquinone imine (NAPQI) (Vermeulen et
al,1992). NAPQI is initially detoxified by conjugation
with reduced glutathione (GSH) to form mercapturic
acid (Moore et al,1985). However, when the rate of
NAPQI formation exceeds the rate of detoxification by
GSH, it oxidizes tissue macromolecules such as lipid or -
SH group of protein and alters the homeostasis of
calcium after depleting GSH. It has been established that
a hepatotoxic dose of paracetamol depletes the endoge-
nous glutathione level to below a threshold value <20%
of control), therefore permitting interaction of NAPQI
with cell macromolecule (Potter and Himson., 1986).

Submandibular gland secretes several biologically active
peptides and hormones, including epidermal growth
factor (EGF), Nerve growth factor (NGF), mesodermal
growth factor (MGF) and hepatocytes growth factors
(HGF) (Amano, and Iseki, 2001). Excision of these glands
(Sialoadenectomy) has been used as an experimental
model to examine the biological functions of some of
these factors. Out of the different growth factors secre-
ted by the submandibular gland EGF is most extensively
studied factor because it has important physiologic roles
like cell proliferation, regulates tissue differentiation
and modulates organogenesis (Yan, et al,, 1998)

Previously many scientists have studied the effect of
submandibular gland secreted growth factor on growth
and development of different organs (Pillai and
Walvekar, 2002, 2005, 2007, 2009, Walvekar et al,
2010, 2011). This present study was designed to
determine the effect of submandibular gland secreted
growth factors on liver injury after paracetamol induced
acute liver damage in mice by studying parameters like
serum glutamate oxaloacetate transaminase (SGOT),
serum glutamate pyruvate transaminase (SGPT) and
histology of liver.

MATERIAL AND METHODS

Animal:

One month Swiss albino mice (Mus musculus) weighing
18-22gm were used for the present study. Animals were
housed in departmental animal house (1825/P0O/ EReBi
/S/15/CPC EA) in separate cages under proper
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conditionof a 12:12 hr L:D cycle. They had free access to
standard rodent pelleted diet (Nutrinix std- 1020, mfg.
by.- Nutrivet life sciences, Pune) and water was given ad
libitum.

Experimental design: Mice were divided into three

groups in each group ten.

1. Control group: The controls were sham operated i.e.
the procedure identical to sialoadenectomy except
that the glands were not removed and received
distilled water. Operated mice were maintained with
proper care up to the age of one month.

2.Control + APAP group: The controls were sham
operated i.e. the procedure identical to sialoadenec-
tomy except that the glands were not removed and
after seven days animals orally received paracetamol
(300mg/kg body weight) (Victor, et al., 2011)

3.Sialoadenectomised +APAP group: In the 20 days
old male mice submandibular glands were removed
(sialoadenectomised) and after seven days animals
orally received paracetamol (300mg/kg body weight).

4.Mice from all groups were Kkilled by cervical
dislocation after 1,3.6.12,96 hrs after APAP
adminisration. Blood was collected by cardiac
puncture and liver was dissected out and used for
biochemical and histological study.

Chemicals:
Acetaminophen tablet-500mg, SGOT, SGPT Kit (Coral
clinical system)

Sample collection:

Blood sample of each group having different time
interval was collected separately into sterilized dry
centrifuge tubes and allowed to coagulate for 30 min
and then centrifugated at 3000 rpm at 10min for
separation of serum. Serum was used for biochemical
analysis such as SGOT, SGPT.

Histological examination (Harris., 1900)

For histological study the liver was fixed in 10%
Formaldehyde for 24 hours. The glands were washed in
running tap water for 24 hours, dehydrated through
alcoholic grades, cleared in xylene and embedded in
paraffin wax. The sections were cut at a thickness of 5u
and stained with Hematoxylene and Eosin (H/E).

Statistical Analysis:

All values were expressed as mean #SD. Statistical
analysis was carried out by one-way ANOVA, Turkey’s
HSD test.
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RESULTS To investigate the time-course effect on acetaminophen

induced liver damage in sialoadenectomised mice; we
Time-course effect of acetaminophen on SGOT and  measured the SGOT and SGPT levels at different time
SGPT : intervals.

Table 1: Effect of Submandibular gland secreted growth factors on liver injury after Acetaminophen induced acute
liver failure on Serum Glutamate Oxaloacetate Transaminase (SGOT) (SGOT activity in U/L). Values are mean #* S.D.
(Numbers in parenthesis denotes number of animals).

Group Time interval in hour
1 |3 |6 | 12 | 96
Control (5) 35.2+6.6483
Control+ APAP(5) 34+1.5811 39.8+1.3038 69.4+1.1402 97.8+1.4832 176.92+1.5912
Sialo+ APAP(5) 61.8+1.7889 80.746+1.9203 | 127.608+1.1438 | 132.17+1.752 | 201.6+2.881

Table 2: Effect of Submandibular gland secreted growth factors on liver injury after Acetaminophen induced acute
liver failure on Serum Glutamate Pyruvate Transaminase (SGPT) (SGPT activity in U/L). Values

Group Time interval in hour
1 3 E | 12 96
Control (5) 19.174+4.9388
Control+ APAP (5) 17.892+1.8864 | 27.8+1.3038 52.2+1.3038 62.6+1.8166 152.066+0.9256
Sialo+ APAP (5) 73+2.2361 97.908+1.1456 109.466+1.1206 128.808+1.2978 | 181+1.5811

Plate 1: Histopathological changes in liver of Control and +APAP mice, All the sections stained by HE (X 400).
Fig.1: Control mice liver shows normal lobular architecture, central vein and normal arrangement of hepatic cords.
Fig. 2 to 6: Control +APAP mice live shows destroyed architecture, micro and macro vesicular fatty changes.
Captions :CV- Central Vein N- Nucleus.
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by HE (X 400). Fig.1: Control mice liver shows normal lobular architecture, central vein and normal arrangement of
hepatic cords. Fig. 2 to 6: Sialoadenectomised +APAP mice live shows severe necrotic.
Captions :CV- Central Vein N- Nucleus.

In group I, level of SGOT and SGPT was 35.2+6.6483 and
19.174+4.9388. While in group II i.e. in control+APAP,,
the level of both enzymes was significantly and
progressively increased at different time interval i.e 1, 3,
6, 12, 96 hr of post treatment and the increase. SGOT
and SGPT levels reached their maximum in Control+
APAP group in 96 hr post treatment. In group III i.e in
Sialoadenectomy+APAP there was significant increase in
both the enzymes as compared to group II and as time
progressed i.e. from 1,3,6,12,96 hr there was significant
increase in SGOT and SGPT and show maximum value in
96 hr post treatment.

Time-course effect of acetaminophen on Histology of
liver:

Control mice liver has normal histology with normal
hepatocellular architecture with Central vein (Plate No. I
Fig 1). Cytoplasm of hepatocytes stained with pink in
color while prominent nuclei appear violet in color. The
cells have well defined cell borders, are polygonal and
are arranged in sheets. Liver sinusoids were not dilated.
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In group II mice hepatocytes showed (Plate No. I)
irregular size, shape and orientation while nucleus was
enlarged, displaced and vacuolated. Moderate
macrovesicular fatty degeneration of liver with dilated
sinusoids was observed. An increase in damage after
treatment of acetaminophen with different time interval
(Plate No. I, Fig. 2 to 6). In group IIIl mice hepatocytes
show more damage as cloudy swelling of fat droplets,
very severely degenerated hepatocytes, very severely
congested sinusoids and damaged central vein, severe
necrotic changes are observed (Plate no. I, Fig no 2 to 6)
and these necrotic changes was more as time interval
increases.

DISSCUSSION

We have removed the submandibular gland of mice at
the age of 20%* day because at that age the submandi-
bular gland starts to secrete the growth factors. The
acute liver failure in mice after a one week sialoadenec-
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tomy was done with APAP and then effect of APAP on
group II and group III by various parameters such as
SGOT, SGPT and histology of liver was studied. out of the
different growth factors secreted by submandibular
gland, the receptors of EGF i.e. HGF is highly expressed
in the liver (Naldini et al.,, 1991), and it was found to be
essential for liver development. Previously nobody had
studied the sialoadenectomy effect on liver damage after
paracetamol induced acute liver failure. Hepatocytes are
the main component that regulates various metabolic
activities of liver. Distortion of this organ will result in
disorder of body metabolism. In the assessment of liver
damage certain biomarkers of hepatotoxicity are
measured and one of such biomarkers are enzyme levels
such as SGOT and SGPT because liver damage arising
from necrosis or membrane damage normally releases
the enzymes into circulation; therefore, measurement of
these enzymes in serum gives an indication of the health
status of the liver. High levels of AST indicate liver
damage, as that due to viral hepatitis as well as cardiac
infarction and muscle injury. ALT catalyses the conver-
sion of alanine to pyruvate and glutamate, and is
released in a similar manner. It is known that an
increase in the enzymatic activity of ALT and AST in the
serum directly reflects a major permeability or cell
rupture, and thus ALT is more specific to the liver, and is
thus a better parameter for detecting liver injury
(Benjamin, 1978 and Wittwer and Bouhmwald, 1986).
An increase in AST and ALT, a hepato-specific enzyme
that is principally found in the cytoplasm in the rats
following administration of a hepatotoxin is attributed
to the increased release of enzymes from the damaged
liver parenchymal cells (Benjamin,1978, Ringler and
Dabich, 1979; Singh, 1980).

The HE staining showed loss of structural integrity and
severe necrotic changes in hepatocytes of both groups
i.e. group Il and group III but comparatively more
damage observed in group III i.e. sialoadenectomy
+APAP; due to of EGF secreted by
submandibular gland. Due to that the growth,
proliferation and regeneration in may get
affected/decreased.

absence

liver

Similar  results obtained in biochemical
parameters, the level of both enzymes i.e SGOT and
SGPT was increased significantly in group II and group
III but comparatively more in group III i.e.

sialoadenectomy+APAP. The decrease of these enzymes

were

in circulation indicates the healthy status of liver but
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due to acute liver damage these enzymes increases in
circulation.

CONCLUSION

Thus, our results indicate that sialoadenectomy not only
reduces growth, proliferation of hepatocytes but also
reduces regeneration of hepatocytes, due to absence of
EGF in liver injury.

REFERENCES:

Amano O and Iseki S (2001) Expression and localization of cell
growth factors in the salivary gland: A review. Anat Sci Int.
76:201-212.

Benjamin MN (1978) Outline of veterinary Clinical Pathology.
University press.

Harris HS (1900) On the rapid conversion of hematoxylene in
to haematin in staining reaction. J. Appl microsc. 3: 777.

Jollow DJ, Thorgeirsson SS, Potter WZ, Hashimoto M,
Mitchell JR (1974) Acetaminophen induced hepatic
necrosis VI. Metabolic disposition of Toxic and non-
toxic doses of acetaminophen. Pharmacology 12:251-
271.

Jollow D], Mitchell JR, Potter WZ, Davis DC, Gillette JR and
Brodie BB (1973) Acetaminophen-induced hepatic
necrosis. II. Role of covalent binding in vivo. The Journal of
Pharmacology and Experimental Therapeutics 187: 195-
202.

Mitchell JR, Thorgeirsson SS, Potter WZ, Jollow D] and Keiser
H (1974) Acetaminophen-induced hepatic
injury:Protective role of glutathione in man and rationale
for therapy. Clinical Pharmacology& Therapeutics 16: 676-
684.

Moore M, Thor H, Moore G, Nelson S, Moldeus P and Orrenius S
(1985) The toxicity of acetaminophen and N-acetyl P-
benzoquinoneimine in isolated hepatocytes is associated
with thio depletion and increased cystosolic Ca2+. J. Biol.
Chem. 260: 13035-13040.

Naldini L, Vigna E, Narsimhan RP, Gaudino G, Zarnegar R,
Michalopoulos GK, Comoglio PM (1991) Hepatocyte
growth factor (HGF) stimulates the tyrosine kinase
activity of the receptor encoded by the proto-oncogene c-
MET. Oncogene. 6: 501-504.

Nanji AA, Jokelainen K, Fotouhinia M, Rahemutulla A, Thomass
P, Tipoe LG, Su GL and Dannenberg AJ (2002) Increased
severity of alcoholic liver injury in female rats: role of

oxidative stress, endotoxin and chemokines. Am ] Physiol
281:1348-1356.

Pillai MM and Walvekar MV (2005) Effect of isoproterenol
administration on testis and spermatogenesis. Journal of
Ecophysiology and Occupational health. 4:161-165.

Pillai MM and Walvekar MV (2007) Sublingulectomy effect on
testis and spermatogenesis.  Book -Diversity and Life
processes from ocean and Land. 114.

Pillai MM and Walvekar MV (2009) Lactate Dehydrogenase
Studies on the Testis of Sialoadenectomised Mouse

Int. |. of Life Sciences, Special Issue A10; January, 2018 | 71


http://www.ijlsci.in/

Matwal et al., 2018

Receiving Isoproterenol. Journal of Cell and Tissue
Research. 9(2):1845-1848.

Potter WZ, Davis DC, Mitchell JR, Jollow D], Gillette JR and
Brodie BB (1973) Acetaminophen-induced hepatic
necrosis. 3. Cytochrome P-450 mediated covalent binding
in vitro. jJournal of Pharmacology and Experimental
Therapeutics 187: 203-210.

Potter DW and Himson JF (1986) Reactions of N-acetyl-
benzoquinoneimine with reduced
glutathione,acetaminophen and NADPH. Mol Pharmacol
1986; 30: 33-41.

Ringler DH and Dabich L (1979) Hematology and Clinical
Biochemistry. In: The Laboratory Rat. Vol.1, Baker H]J,
Lindsey JR and Weisbroth SH (Eds.) Academic Press.
London.pp:105-118

Savides MC and Oehme FW (1983) Acetaminophen and its
toxicity. J. Appl. Toxicol3: 95-111.

Singh [ (1980) In: Textbook of Biochemistry and Human
Biology. Talwar, G. P. (ed.), Prentice Hall of India, New
Delhi. pp. 201-203.

Vermeulen NPE, Bessems JGM and Van de Streat R (1992)
Molecular aspects of paracetamol-induced hepatotoxicity
and it mechanism based prevention. Drug Metab. Rev. 24:
367-407.

Victor RMC, Srinivasan P, Li-Lian Liub, Ming-Yie Liua C (2011)
17_-Estradiol protects against acetaminophen-overdose-
induced acute oxidative hepatic damage and increases the
survival rate in mice. Steroids 76 : 118-124

Walvekar MV, Bhopale LP and Sarvalkar PP (2010)
Sialoadenectomy effect on skeletal muscle of female mice
(Mus musculus). Journal of Cell and Tissue Research. 10(2):
2207-2211.

Walvekar MV, Bhopale LP and Sarvalkar PP (2011)
Sialoadenectomy effect on blood glucose level and
glycogen content of skeletal muscles in male mice (Mus
musculus).Journal of experimental Zoology, India.
14(1):145-148..

© 2018 | Published by IJLSCI

72 | NCRAIZ -2018

Submit your manuscript to a IJLSCI
journal and benefit from:

Convenient online submission

Rigorous peer review

Immediate publication on acceptance
Open access: articles freely available online
High visibility within the field

AN NI NI NN

Email your next manuscript to IRJSE

: editorirjse@gmail.com

Int. J. of Life Sciences, Special issue, A10; January, 2018



