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Abstract − Oxidative stress may represent a common link between chronic liver damage and hepatic
fibrosis. In the present study, we investigated activity changes of sphingomyelin catabolic enzymes, such
as sphingomyelinases and ceramidases by using dimethylnitrosamine (DMN)-treated Sprague-Dawley
(SD) male rats hepatic fibrosis model as a hepatic fibrosis model. Twenty rats divided into five groups
received: (1) saline; (2) DMN for 1 week, (3) DMN for 2 weeks, (4) DMN for 3 weeks, and (5) DMN for 4
weeks by intraperitoneally 10 mg/kg of body weight for three consecutive days a week. Activities of
acidic and neutral sphingomyelinases and acidic, neutral and alkaline ceramidases were measured in
the liver and kidney from DMN-treated rats. We found increased ceramidase activities from 2-week and/
or 3-week DMN treated rat livers compared to control rat liver. Acidic sphingomyelinase and alkaline
ceramidase activities were significantly increased in 3-week DMN-treated rat kidneys compared to control rat kidney. Therefore, sphingolipid metabolizing enzymes and sphingolipid metabolites are supposed
to be involved in liver fibrosis, although further investigation is necessary to elucidate meanings of sphingolipids during the liver fibrosis
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INTRODUCTION
Liver fibrosis occurs as a result of an imbalance
between fibrogenesis and fibrolysis in the liver and many
works have been published concerning extracellular
matrix (ECM) synthesis and the main ECM-producing cell
in the liver, i.e. the hepatic stellate cell (HSC) (Friedman,
1993). Liver fibrosis is a chronic illness characterized by
generalized damage and formation of regeneration nodules. Secondary to the anatomical alterations, there are
functional and hemodynamic disturbances (Iredale, 2007).
Hepatic fibrosis is wound healing response to chronic liver
injury, which if persistent leads to cirrhosis and liver failure
(Li and Friedman, 1999). It is characterized by the excess
production and deposition of ECM components. Viral
infection, alcoholic or drug toxicity, or any other factors that
cause damage to hepatocytes elicit an inflammatory reaction in the liver. The damaged hepatocytes, their membrane components, metabolites of toxic agents, and
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infiltrating inflammatory cells are the activators of Kupffer
cells. The activated Kupffer cells release a number of soluble agents, including cytokines, reactive oxygen species
(ROS), and other factors (Roberts et al., 2007).
Dimethylnitrosamine (DMN) is a potent hepatotoxin,
carcinogen and mutagen (Haggerty and Holsapple, 1990).
At doses as small as 20 mg/kg, DMN can cause massive
liver necrosis and death in many species (Hashimoto et
al., 1989). In rats, DMN-induced liver fibrosis is a wellestablished, reproducible animal model with severe
hepatic necrosis and formation of septa with micronodular
cirrhosis after 3 weeks of treatment (Kim et al., 1998) (Jenkins et al., 1985) (Jezequel et al., 1989). DMN causes
excessive deposition of extracellular matrix proteins, especially collagen (Jezequel et al., 1987) (George and Chandrakasan, 1996) (George et al., 2001) (Shiba et al., 1998),
and a rapid increase of the proportion of proliferative
HSCs in rat liver (Kim et al., 1998) (Paolucci et al., 1990)
(Mancini et al., 1992), which produces profound liver fibrosis over a short period. Therefore, this model is considered
to be appropriate for investigation of the contribution of HSC
activation to the early events in the development of fibrosis.
Bioactive sphingolipids, especially ceramide and sphin-
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gosine 1-phosphate, have now been identified as strategic
intermediates in cellular responses to inflammation, proliferation, differentiation, cell cycle arrest, senescence, and
cell death (Cuvillier and Levade, 2003) (Hannun et al.,
2001) (Kolesnick, 2002) (Mathias et al., 1998) (Obeid and
Hannun, 2003). By means of exquisite homeostatic mechanisms, the liver maintains the distinctive capacity to regulate its tissue mass by inductive cell division and
apoptosis. Hepatocellular injury activates signal transduction pathways that mediate cell repair, proliferation, or
even cell death (Chalfant et al., 2002) (Chen et al., 1995)
(Chun et al., 2003) (Cock et al., 1998). In addition, recent
findings suggest that a complex series of signaling events
drive the liver homeostatic responses under conditions
where the liver tissue mass is perturbed. These perturbations can include drug-induced injury, viral infection, partial
hepatectomy, ischemia/reperfusion, fulminant liver disease, and hepatocellular carcinoma. Interestingly, bioactive sphingolipids are increasingly appreciated as
important participants in liver responses to these perturbations. A number of extracellular stimuli are known to
induce ceramide levels in cells, including tumor necrosis
factor-α (TNF-α), Fas ligand, lipopolysaccharide (LPS or
endotoxin), and chemotherapeutic agents (Hannun,
1996). Furthermore, many of these inducers of ceramide
are also known to be involved in mediating liver injury.
Since ceramide has been implicated in pathways regulating cell proliferation and the induction of apoptosis, it follows that ceramide signaling may be an important
mediator in the liver homeostatic response.
In the present study, therefore, we measured sphingomyelin-catabolizing enzyme activities such as acidic and
neutral sphingomyelinases and acidic, neutral and alkaline
ceramidases from the liver and kidney of DMN-treated rats.
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(NY, USA). All other materials were purchased from
Sigma-Aldrich Korea (St. Louis, MO, USA).

Animal care and maintenance
Animal care and all experimental procedures were conducted in accordance with the Guide for Animal Experiments edited by the Korean Academy of Medical
Sciences. Experiments were carried out in male SpragueDawley rats weighing 225-265 g. Following shipment all
animals were acclimatized in the animal care facility for at
least 1 week prior to any studies. Animals were kept on
standard rat chow with free access to tap water, in a temperature- and humidity-controlled animal house under 12h light-dark cycles.
Induction of liver fibrosis
The protocol used for inducing the liver injury by the
chemical DMN is a modified version of that originally
described by Lee et al. (Lee et al., 2004). In brief, prior to
the start of the study twenty rats were randomized on the
basis of their body weight and assigned them to five
groups of four each: control, DMN 1 week, DMN 2 weeks,
DMN 3 weeks and DMN 4 weeks such that each group
had similar distribution of body weights. The animals were
given intraperitoneal injections of either vehicle or DMN
(diluted with saline) at a dose of 10 mg/kg of body weight
for three consecutive days per week. Body weights were
measured each day prior to the injections of DMN. At the
end of the first, second, third and fourth week, all rats from
respective groups were sacrificed under ether anesthesia
and their livers and kidneys were excised. The liver specimens were immediately fixed in 10% neutral buffered formalin for histochemical studies. The remaining liver tissue
and kidney tissues were used for homogenate preparation
as described below.

MATERIALS AND METHODS
Materials
Dimethylnitrosamine (DMN) was from Sigma-Aldrich,
Inc, St. Louis, [N-methyl- 14C] -sphingomyelin, [N-palmitoyl-1-14C]-sphingosine from Moravek Biochemicals. Derythro-sphingosine (synthetic) was purchased from
Avanti Polar Lipids Inc. (Alabaster, USA). While EN3
HANCE spray was purchased from PerkinElmer Life &
Analytical Sciences (Boston, USA). Silica gel HPTLC (60
F254, 20×20) were obtained from Merck (Germany) and
Kodak Medical X-ray film from Eastman Kodak Company

Preparation of tissue homogenates
Rat tissue homogenates were prepared as described by
others (Igarashi and Hakomori, 1989) with some modifications. Tissues including kidney and liver were removed
from rats and washed in cold phosphate-buffered saline
(PBS) separately. The tissues were placed in 10 ml of cold
20 mM Tris-HCl (pH 7.5) and 2 mM EDTA solution,
homogenized by Tekmar homogenizer (OH, USA) at 4oC.
The homogenate was centrifuged at 1000 g for 10 min to
remove unbroken cell debris, and the supernatant was
used as an enzyme source for all above mentioned activi-
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ties. Protein concentrations were determined by the Micro
BCA Protein Assay Reagent Kit (Pierce, Rockford, IL,
USA) with bovine serum albumin (BSA) as a standard.

Activity of sphingomyelinase:
The activity of neutral and acidic sphingomyelinase was
determined as reported by Liu and Hannun (Liu and Hannun, 2000). Briefly, the tissue homogenates were centrifuged at 1000 g for 10 min and the supernatant (~5 mg)
was used for further analysis. The activity of both sphingomyelinases was measured using radiolabeled substrate,
[N-methyl-14C]-sphingomyelin. For neutral sphingomyelinase the reaction mixture contained 100 nmol of sphingomyelin (1154 dpm/nmol) in 100 mM Tris-HCl (pH 7.4), 5
mM MgCl2, 0.1% Triton X-100 and 5 mM dithiothreitol in a
final volume of 0.2 ml. In the case of acidic sphingomyelinase, the assay mixture contained 100 nmol of sphingomyelin (1154 dpm/nmol) in 100 mM sodium acetate (pH
5.0), 0.1% Triton X-100 and 0.1 mM EDTA. After incubation at 37oC for 1 h the reaction was stopped by adding 1.5
ml of chloroform: methanol (2:1), followed by addition of
0.2 ml of water. A portion of the aqueous phase was transferred to scintillation vials and counted in a liquid scintillation counter for the radioactivity of the reaction product,
14C-choline phosphate.
Activity of ceramidases:
The activity of alkaline, neutral and acidic ceramidases
was determined by the method of Nikolova-Karakashian
and Merrill (Nikolova-Karakashian and Merrill, 2000). The
activity of the enzymes was measured using radiolabeled

substrate [N-palmitoyl-1-14C]-sphingosine. The tissue
homogenates were centrifuged at 1000 g for 10 min and
the supernatant (~5 mg) was used for the analysis. The
reaction was started by the addition of supernatant to the
tubes containing 20 µl of substrate mixture (50 nmol of
ceramide - 2353 dpm/nmol, 2.5 mg Triton X-100, 1 mg
Tween 20, 0.4 mg sodium cholate) and 130 µl of a reaction buffer. The reaction buffer contained 125 mM sucrose,
0.01 mM EDTA and 125 mM sodium acetate (pH 4.5) or
10 nm Tris-HCl (pH 7.2) or 125 mM HEPES (pH 8.0) for
acidic, neutral and alkaline ceramidases activity assay,
respectively. After incubation at 37oC for 1 h the reaction
was stopped by adding 2 ml of basic Doyle’s solution (isopropanol:heptane:1N NaOH, 40:10:1, v/v/v), 1.8 ml of heptane and 1.6 ml of water. Samples were then centrifuged
and the upper phase was discarded. The lower phase was
washed twice with 1.6 ml heptane and then 1 ml of 1 N
H2SO4 and 2.4 ml of heptane were added. After centrifugation, 1 ml aliquots from the upper phase were transferred to scintillation vials and analyzed for the radioactivity
of the reaction product, 14C-palmitate.

Statistical analysis
The results are expressed as mean±SE of three determinations. Statistical significance of differences was determined by student-t test. Significance was accepted when
P<0.05.

RESULTS
Sphingomyelinase activity in kidney and liver

Fig. 1. Acidic sphingomyelinase activity in DMN-treated rat liver and kidney Acidic sphingomyelinase activities were measured from 1-week, 2-week, 3-week, 4-week-DMN treated rat liver (A) or kidney (B). Activities were shown as percentage of
control (saline-treated rat liver or kidney). Histogram shows mean±S.E. of three independent measurements. Statistical significance: *P<0.05 vs. control.
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Fig. 2. Neutral sphingomyelinase activity in DMN-treated rat liver and kidney Neutral sphingomyelinase activities were measured from 1-week, 2-week, 3-week, 4-week-DMN treated liver (A) or kidney (B). Activities were shown as percentage of
control (saline-treated rat liver or kidney). Histogram shows mean ±S.E. of three independent measurements.

Acidic and neutral sphingomyelinase activities were
measured in DMN-treated rat liver and kidney tissue
homogenates. We found that acidic sphingomyelinase
activity was not changed in the liver by DMN treatment
(Fig 1-A). In the 3-week DMN-treated kidney homogenates, acidic sphingomyelinase was significantly
increased (Fig 1-B). While neutral sphingomyelinase activity in liver was 2.5 times higher than kidney homogenates,
DMN-treated rat kidney and liver did not show significant
increase or decrease of the activity than control (Fig. 2).

Ceramidase activity in kidney and liver
Similarly, acidic, neutral and alkaline ceramidase activities were measured in rat liver and kidney tissue homogenates and we found that activity of all isoforms of
ceramidases are higher in rat kidney than in liver. Acidic
ceramidase activity was increased in 3-week-DMN-treated

liver than control (Fig. 3). Neutral ceramidase activity was
increased in 2-week-DMN-treated liver (Fig. 4). Alkaline
ceramidase activity was significantly higher in 2-week and
3-week-DMN-treated liver (Fig. 5). Ceramidase activities
were not changed in DMN-treated rat kidney compared to
the control except alkaline ceramidase from 3-week-DMNtreated kidney (Fig. 3-5).

DISCUSSION
Hepatic fibrosis represents a common response to
chronic liver injuries of variable origin, e.g. viral, metabolic
and toxic. Regardless of the type of insults, liver fibrosis is
characterized by the increased production of extracellular
matrix proteins. Hepatic fibrogenesis is accompanied by
hepatocellular necrosis and inflammation.
In the present study we investigated sphingomyelinase

Fig. 3. Acidic ceramidase activity in DMN-treated rat liver and kidney Acidic ceramidase activities were measured from 1week, 2-week, 3-week, 4-week-DMN treated liver (A) or kidney (B). Activities were shown as percentage of control (salinetreated rat liver or kidney). Histogram shows mean±S.E. of three independent measurements. Statistical significance:
*P<0.05 vs. control.
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Fig. 4. Neutral ceramidase activity in DMN-treated rat liver and kidney Neutral ceramidase activities were measured from 1week, 2-week, 3-week, 4-week-DMN treated liver (A) or kidney (B). Activities were shown as percentage of control (salinetreated rat liver or kidney). Histogram shows mean±S.E. of three independent measurements. Statistical significance: *P<
0.05 vs. control.

Fig. 5. Alkaline ceramidase activity in DMN-treated rat liver andkidney Alkaline ceramidase activities were measured from 1week, 2-week, 3-week, 4-week-DMN treated liver (A) or kidney (B). Activities were shown as percentage of control (salinetreated rat liver or kidney). Histogram shows mean±S.E. of three independent measurements. Statistical significance: *P<
0.05 or **P<0.01 vs. control.

(acidic and neutral) and ceramidase (acidic, neutral and
alkaline) activities. DMN treated rat liver showed no
change in acidic and neutral sphingomyelinase activities
during liver fibrosis. On the other hand, ceramidase
(acidic, neutral and alkaline) activities were increased during 2-week and/or 3-week-DMN-treated liver. Rat kidney
showed increased activities of acidic sphingomyelinase
and alkaline ceramidase in 3-week-DMN-treated kidney.
Further investigation is necessary to elucidate meanings
of sphingolipids during the liver fibrosis by investigating
sphingolipid anabolic enzymes and quantitative and qualitative analysis of sphingolipids.
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