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Abstract

Acetaminophen (APAP) is widely used analgesics all over the world. However, hepatotoxicity and
nephrotoxicity are the most remarkable features of acetaminophen overdose. Ginger is a medicinal
plant that has immuno-modulatory, anti-tumorigenic, anti-inflammatory, anti-apoptotic, anti-
hyperglycemic, anti-lipidemic and anti-oxidant activities. Recently, ginger extract in form of
nanoparticles (NPs) have been investigated in liver protection against alcohol-induced liver damage.
We conducted in vivo and in vitro studies to compare between the protective efficacy of ginger extract
and ginger nanoparticles (GNPs) against acetaminophen-induced toxicity from histological and
biochemical aspects. In vivo study, adult male Sprague Dawley rats were received ginger extract and
GNPs orally at dose of 120 mg/kg (3times/week) and acetaminophen at dose of 375mg/kg (1/10LDso)
daily for three months. Serum Alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
as liver functionality indicator were determined. In addition, kidneys functions were assessed by
evaluating urea and uric acid levels in serum. Moreover, oxidative stress at the cell level was evaluated
by determining malondialdehyde content (MDA) and catalase enzyme (CAT) activity. Meanwhile,
histopathological changes in liver and kidney tissues were observed. The present study indicates that
liver and kidney biochemical markers are improved in rat pretreated with ginger extract and ginger
nanoparticles as well as the activities of cell oxidative stress are statistically significant diminished. In



addition, their histological structure of liver and kidney tissues show very little changes. While rats
treated with GNPs demonstrate normal biochemical and oxidative stress marker levels and histological
structure relative to ginger extract treated rat.

While in vitro study, we use ginger extract and ginger nanoparticles at concentration of 60 pg/ml
against hepatotoxicity caused by acetaminophen (APAP) at concentration of 0.1 mg/ml using primary
isolated rat hepatocytes. Cytotoxicity was determined by assessing cell viability and leakage of
cytosolic enzymes, such as (ALT& AST). Oxidative stress was investigated by measuring levels of
CAT and MDA. The cytopathological alterations were studied by light microscope. Exposure of
isolated rat hepatocytes to APAP caused cytotoxicity and oxidative injury, manifested by loss of cell
viability and significant increase in ALT and AST leakages. As well as, APAP caused progressive
depletion of CAT content and increase intracellular MDA accumulation, in addition to alteration in
cellular morphology. Pretreatment of hepatocytes with either GE or GNPs ameliorated the
hepatotoxicity, oxidative stress and enzymatic leakage induced by APAP. However, GNPs were more
effective relative to ginger extract pretreated hepatocytes. From both studies we concluded that, ginger
nanoparticles have more protective activities relative to ginger extract.
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Fig 2.

(A&B) SEM images of GNPs. Images are representative of a minimum of
3 independent samples, with n > 500 NPs assessed in total
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Fig 3.

Showing the mean values of viability in all groups at different point times
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Fig 4.

Showing the mean values of ALT in all groups at different point times
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Fig 5.

Showing the mean values of AST in all groups at different point times
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Fig 6.

Showing the mean values of MDA in all groups at different point times
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Fig 7.

Showing the mean values of CAT in all groups at different point times
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Fig 8.

(A) Small group of hepatocytes from control group (G1) showing normal
round cells with centric round nucleus and intact well-defined cell
membrane (x1000). (B) Binucleated single hepatocyte from G1 showing
eosinophilic granular cytoplasm (x1000). (C) Hepatocytes from ginger
extract treated group (G2) showing normal structure (x1000). (D) Single
hepatocyte from ginger nanoparticles treated group (G3) showing normal
cytological structure (x1000). All slides stained with H&E.
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Fig 9.

Hepatocytes of APAP treated group (G4) showing, (A) Hepatocellular
cytoplasm appears foamy due to presence of multiple round clear vacuoles,
nucleus appear pyknotic and move to peripheral side (x1000). (B) Two
hepatocytes, one of them showing pyknotic nucleus (arrow) and the other
one showing necrosis with complete lysis of nucleus (x1000). (C) Three
hepatocytes (arrows) showing necrosis and complete lysis of nucleus
(x1000). (D) nucleus undergo lysis associated with complete ballooning of
hepatocytes (x1000). All slides stained with H&E.
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Fig 10.

(A) Hepatocytes of GE+APAP treated group (G5) showing pyknotic
nucleus with deep eosinophilic cytoplasm (x1000). (B) Single
hepatocyte from G5 showing single vacuole with pyknotic nucleus
and irregular cell membrane (x1000). (C) Hepatocytes from G5
showing vacuolar degeneration of cytoplasm (arrow), moreover the
nucleus undergoes lysis (x400). (D) Two hepatocytes from G5, one
of them showing necrosis (arrow), and the other one showing single
vacuole with pyknotic nucleus (x1000). (E) Single hepatocyte from
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granular cytoplasm with central nucleus (x1000). (F) Single
hepatocyte from GNPs+APAP treated group (G6) showing minor
vacuoles in cytoplasm (x1000). All slides stained with H&E.
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Appendix

Fig (1)

Liver of rat from APAP- treated group (group4, 6 weeks) showing vacuolar
degeneration in hepatic cytoplasm and congestion of blood sinusoids (H&E
X 400).
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Fig (2)

Liver of rat from APAP- treated group (group4, 6 weeks) showing vacuolar
degeneration of hepatocyte, massive infiltration of inflammatory cells and
congestion of blood vessels (H&E X 400).
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Fig (3)

Liver of rat from APAP- treated group (group4, 6 weeks) showing focal
area of necrosis with infiltration of inflammatory cells, necrobiotic changes
in sporadic cells (arrows) and vacuolization in hepatic cytoplasm (H&E X
400).
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Fig (4)

Liver of rat from APAP- treated group (group4, 6 weeks) showing
hepatocellular necrosis and vacuolization in cytoplasm with macrophages
infiltration associated with sinusoidal dilatation (H&E X 400).
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Fig (5)

Liver of rat from APAP- treated group (group4, 6 weeks) showing
centrilobular necrosis replaced by inflammatory cells in addition to vacuolar
degeneration of some hepatocytes (H&E X 400).
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Fig (6)

Liver of rat from APAP- treated group (group4, 6 weeks) showing
congestion in portal area with infiltration of inflammatory cells (H&E X
200).
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Fig (7)

Liver of rat from APAP- treated group (group4, 12 weeks) showing fatty
degeneration and congestion of blood sinusoids (H&E X 400).
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Fig (8)

Liver of rat from APAP- treated group (group4, 12 weeks) showing sever
necrosis with infiltration of inflammatory cells and sinusoidal dilatation
(H&E X 100).
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Fig (9)

Liver of rat from APAP- treated group (group4, 12 weeks) showing sever
congestion in portal area with edema and infiltration of inflammatory cells
and appearance of newly formed bile ducts (H&E X 200).

107

Fig (10)

Liver of rat from GE and APAP treated group (group 5, 6 weeks) showing
congestion of blood vessels with vacuolation of hepatocytes (H&E X 200).
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Fig (11)

Liver of rat from GE and APAP treated group (group 5, 6 weeks) showing
vacuolation of hepatocytes with infiltration of inflammatory cells, sporadic
hepatocytes suffering from necrobiotic changes (arrows) (H&E X 400).
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Fig (12)

Liver of rat from GE and APAP treated group (group 5, 6 weeks) showing
mild congestion in portal area with infiltration of inflammatory cells and
vacuolar degeneration in hepatocytes (H&E X 400).
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Fig (13)

Liver of rat from GE and APAP treated group (group 5, 12 weeks) showing
congestion of portal blood vessels, perivascular edema associated with
infiltration of inflammatory cells and formation of fine fibrous connective
tissue (H&E X 200).
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Fig (14)

Liver of rat from GNPs + APAP treated group (group 6, 6 weeks) showing
congestion of blood vessels (H&E X 200).
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Fig (15)

Liver of rat from GE and APAP treated group (group 6, 6 weeks) showing
congestion of portal blood vessels (H&E X 200).
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Fig (16)

Liver of rat from GE and APAP treated group (group 6, 6 weeks) showing
infiltration of mononuclear inflammatory cells between hepatic cords and
dilatation of blood sinusoids (H&E X 400).
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Fig (17)

Liver of rat from GE and APAP treated group (group 6, 6 weeks) showing
infiltration of inflammatory cell in portal area and between hepatic cords
(H&E X 400).
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Fig (18)

Liver of rat from GE and APAP treated group (group 6, 12 weeks) showing
vacuolar degeneration of hepatocytes and congestion of blood sinusoids
(H&E X 400).
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Fig (19)

Liver of rat from GE and APAP treated group (group 6, 12 weeks) showing
vacuolar degeneration and apoptosis of sporadic hepatocytes (H&E X 400).
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Fig (20)

Kidney of rat from APAP treated group (group 4, 6 weeks) showing
congestion of peritubular blood vessels and glomerular tuft with vacuolation
of renal tubules epithelium (H&E X 400).
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Fig (21)

Kidney of rat from APAP treated group (group 4, 6 weeks) showing
periglomerular mononuclear cell infiltration and vacuolation of renal
tubules (H&E X 100).
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Fig (22)

Kidney of rat from APAP treated group (group 4, 6weeks) showing some
renal tubules suffering from vacuolar degeneration and necrosis (arrow)
while the other showing cystic dilatation (H&E X 400).
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Fig (23)

Kidney of rat from APAP treated group (group 4, 6 weeks) showing focal
Interstitial nephritis and degenerative changes of renal tubules (H&E X
100).
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Fig (24)

Kidney of rat from APAP treated group (group 4, 12 weeks) showing
hemorrhage and perivascular edema with inflammatory cells infiltration
(H&E X 100).
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