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SUMMARY

The immunomodulatory effects of the antibiotic sodium fusidate (SF) were tested in a model of T cell-
dependent hepatic injury that can be induced in normal mice by a single i.v. injection of Con A. Signs of
hepatitis with elevated transaminase activities in plasma, severe infiltration of the liver by neutrophil
granulocytes, lymphocytes and monocytes, and necrotic areas were observed in control mice treated
intraperitoneally with PBS 24 h and 1 h before Con A challenge. T cell- and macrophage-derived
cytokines (IL-2, interferon-gamma (IFN-g), tumour necrosis factor-alpha (TNF-a), IL-1b, IL-6) were
released with different kinetics in the circulation of these mice. SF, 20, 40 or 80 mg/kg, administered
24 h and 1 h before Con A challenge, protected the mice against the hepatitic effects of Con A. The
protective effects of SF were dose-dependent and accompanied by profound modifications of blood
levels of cytokines induced by Con A, so that, relative to control mice, SF (80 mg/kg)-treated animals
showed markedly diminished plasma levels of IL-2, IFN-g and TNF-a, along with augmented levels of
IL-6. These results suggest that SF might be useful in the treatment of immunoinflammatory liver
diseases in humans.
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INTRODUCTION

Animal models of human diseases provide suitable tools for the
better understanding of pathogenic mechanisms and may lead to
insights into novel therapeutic approaches for the clinical set-
ting. Recently, a new model of hepatitis has been described
which can be induced in mice by a single i.v. injection of Con A
[1–3]. Unlike other commonly used models of immunoinflam-
matory liver injuries such as lipopolysaccharide (LPS)-induced
hepatitis and the autoimmune hepatitis provoked by immuniza-
tion with syngeneic liver antigens (see [4] for review), which
both require the use of hepatotoxic agents (D-galactosamine and
Freund’s complete adjuvant, respectively) for disease induction
[5,6], the sole injection of Con A is sufficient for liver lesions to
develop. Within 8–24 h, clinical and histological evidence of
hepatitis occurs with elevation of transaminase activities in the
plasma and hepatic lesions characterized by massive granulocyte
accumulation and hepatic necrosis [1–3]. Con A-induced hepa-
titis is both T cell- and macrophage-dependent; it can not be
induced in nude athymic mice lacking immunocompetent T

cells, and it is prevented by anti-T cell immunosuppressants
such as cyclosporin A (CsA) and FK506, or by blockade of
macrophage functions with silica particles [1–3].

The precise mechanism(s) by which T cells and macrophages
exert their hepatogenic potential is not known. Because a
massive release of macrophage and T cell-derived cytokines
(IL-1, IL-2, IL-6, tumour necrosis factor-alpha (TNF-a), inter-
feron-gamma (IFN-g) and granulocyte-macrophage colony-sti-
mulating factor (GM-CSF)) occurs with different kinetics in
response to Con A, a role has been envisaged for these cytokines
in the development of the hepatic lesions. Nonetheless, the role
of cytokines in the pathogenesis of this immunoinflammatory
condition remains to be defined. For example, the disease is
equally prevented by anti-TNF-a antibody [2,3] and IL-6 [3],
and the outcome of the disease may therefore depend on a fine
balance between pro- and anti-inflammatory cytokines released
by Con A-activated cells.

Because of the powerful interference of the sodium salt of
fusidic acid, sodium fusidate (SF), with the cytokine networkin
vivo andin vitro (see [7] for a review), notably the suppression of
the release of TNF-a and enhancement of IL-6, we tested the
effects of this drug on the Con A-induced hepatic lesions.
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MATERIALS AND METHODS

Mice and hepatitis induction
Male Naval Medical Research Institute (NMRI) albino mice, 6–
8 weeks old, were purchased from Charles River (Calco, Italy). The
mice were kept under standard laboratory conditions (non-specific
pathogen-free) at 248C with free access to food and water. The
food was withdrawn 16 h before the experiments. The mice were
divided into five experimental groups and challenged each with
20 mg/kg Con A (Sigma Chemical Co., St Louis, MO). Con A was

dissolved in sterile PBS and injected to mice via the tail vein. The
groups were treated intraperitoneally either with PBS or SF
(Sigma) according to the experimental design shown in Table 1.
An additional control group consisted of mice challenged only with
PBS (Table 1). Because marked increases of transaminase activity
along with severe histological signs of hepatic injuries have been
reported to develop 8 h after Con A injection in these mice [1,2],
the animals were killed after 8 h, and blood and livers were
collected.
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Fig. 1.The effects of sodium fusidate (SF) on the development of Con A-induced hepatitis in NMRI mice. (a) Liver from a PBS-treated mouse
not injected with Con A. No histological abnormalities are detectable. (b) Liver from control (PBS-treated) mice injected with Con A.
Infiltration from neutrophil granulocytes and cellular necrosis (arrows) are seen. These histological features, rarely observable in the mice
treated with 20 mg/kg SF (c), become less evident in mice treated with 40 (d) and 80 (e) mg/kg SF. SF treatment (80 mg/kg) 1 h after Con A
challenge was no longer effective (f ).

Table 1. Experimental design and effects of sodium fusidate (SF) on Con A-induced hepatitis in mice

SF (mg/kg)
Hepatitis induction

Groups No. (Con A) –24 h –1 h þ 1 h ALT (U/ml) P

A 7 – – – – 426 9 <0.0001
B 12 þ – – – 65246 2123 Control
C 11 þ 20 20 – 1076 59 <0.0001
D 12 þ 40 40 – 576 43 <0.0001
E 14 þ 80 80 – 476 14 <0.0001
F 12 þ – – 80 45126 4016 NS

Eight hours after Con A application the mice were killed and blood samples collected from individual mice for alanine
aminotransferase (ALT) measurement.

For statistical analysis each group is compared with group B.



Assay for plasma transaminase activities
Plasma alanine aminotransferase (ALT) activity was determined
by a standard photometric assay using a bichromatic analyser.

Cytokine measurements
Plasma samples from individual mice were collected for measure-
ment of IL-1b, IL-2, IL-6, IFN-g and TNF-a. Solid-phase ELISA
kits for detection of mouse IL-1b and IL-2 were from Genzyme
(Cambridge, MA), for IFN-g from Biosource (Camarillo, CA) and
for IL-6 and TNF-a from Endogen Inc. (Boston, MA). Samples
were run in duplicates according to the manufacturer’s instruc-
tions. The lower limit of sensitivities of the assays were 2 pg/ml for
IFN-g, 10 pg/ml for IL-1b and 15 pg/ml for IL-2, IL-6 and TNF-a.
To calculate mean values, samples with cytokine values below the
level of detection were assigned the limit of sensitivity of the assay
as theoretical values.

Histological examinations
Eight hours after Con A injection, livers were removed, fixed in
10% formalin, embedded in paraffin, sliced in 5-mm sections and
stained with haematoxylin and eosin (H–E) for histological
examinations at 125-fold magnification. This was performed by
two observers unaware of the treatment of the mice.

Calculation of data
Results are expressed as mean values6 s.d. Statistical analysis was
performed byANOVA.

RESULTS

SF-induced protection against serological and histological signs
of Con A-induced hepatic injury
Two of 14 (14%) Con A/PBS-treated control mice, and one of 12
(8%) of those challenged with Con A and treated with 20 mg/kg SF

died before sacrifice. These mice were not considered for sero-
logical and histological analyses. As expected, and in agreement
with previous studies [1,2], acute signs of liver damage were found
at sacrifice in all mice of the control group injected with Con A and
treated only with PBS. These consisted of marked elevations of
ALT in the plasma and severe lobular infiltration with neutrophil
granulocytes, lymphocytes and monocytes, and the inflammatory
process was also detected both in the portal areas and around the
central veins. Moreover, diffuse hepatocytic necrosis which con-
tained neutrophil granulocytes was also observed (Fig. 1b). Pre-
treatment with SF offered a significant protection against the
biochemical and histological signs of hepatic injury. Whilst even
the lowest dose of SF offered a protective effect, a trend towards
higher degrees of protection could be noticed with the 40 mg/kg
and, in particular, 80 mg/kg (Table 1 and Fig. 1a–e). In contrast,
when treatment with 80 mg/kg SF was delayed until 1 h after Con
A injection, the drug was no longer effective, and these mice
showed clinical and histological parameters not significantly
different from those of the control group (Table 1 and Fig. 1f ).

SF-induced modulation of blood cytokines in Con A-challenged
mice
Because Con A-induced hepatitis develops with simultaneous
elevation in the circulation of several macrophage- and T cell-
derived cytokines [1–3], and since this may control or reflect the
progression of the immunoinflammatory syndrome, we next exam-
ined if SF interfered with the systemic levels of these molecules.
Two groups of mice, treated with either PBS or SF (80 mg/kg) 24 h
and 1 h before Con A application, were killed before Con A
injection (T0) and 2, 4 and 8 h thereafter. As shown in Fig. 2a–e,
IL-1b, IL-2, IL-6, IFN-g and TNF-a, which were undetectable in
the circulation of all the mice at T0, were present in large amounts
in the blood of the PBS/Con A-treated mice. In agreement with
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Fig. 2.Modulation by sodium fusidate (SF) of Con A-induced cytokine release. Seven mice from each group were killed before (T0) and 2, 4
and 8 h after injection of Con A, and plasma samples from individual mice were used for cytokine measurements. Except for the mice killed at
T0, receiving no treatment, all the other animals were injected (intraperitonealluy) with either PBS or SF (80 mg./kg) 24 h and 1 h before Con
A challenge. Data are shown as mean6 s.d. *P<0.006; **P<0.0001; ***P<0.001; and IFN-g; ** P<0.003 by ANOVA.



previous studies, the cytokines appeared with different kinetics in
response to Con A, rapidly (þ 2 h toþ 4 h) in case of IL-1b, IL-2,
IL-6 and TNF-a and slower in the case of IFN-g. This pattern was
modified by SF, in that the SF-treated mice showed significantly
reduced circulating levels of TNF-a, IL-2 and IFN-g, and aug-
mented levels of IL-6 (Fig. 2a–d). There were no significant
differences in plasma levels of IL-1b between the experimental
and control groups of mice, although SF-treated mice showed a
trend toward higher levels of the cytokine (Fig. 2e).

DISCUSSION

Our present observation that immunoinflammatory hepatitis can be
induced in mice by a single i.v injection of Con A further confirms
the original data by Tiegs’ group [1,2], which were independently
reproduced by others [3,8]. Most histological and immunopatho-
genic pathways described in those studies were also observed here.
The infiltrative hepatic lesions were primarily composed of neu-
trophil granulocytes, lymphocytes and monocytes, and diffuse
hepatocytic necrosis was seen, and hepatitis development was
accompanied by a marked increase in blood levels of IL-1b, IL-
2, IL-6, IFN-g and TNF-a. However, unlike Gantneret al., who
reported ‘intracellular DNA-containing apoptotic bodies, karyor-
rhexis and diffuse cloudy swelling in the hepatocellular cyto-
plasma’ [2], these phenomena were only rarely visible. The
reason for this discrepancy is not known, although environmental
factors might be involved.

Besides confirming the previous studies [1–3], we show here
for the first time that prophylactic treatment with SF protects mice
against the hepatitis-inducing effects of Con A. The antibiotic
fusidic acid and its sodium salt SF were previously found to
possess immunomodulatory propertiesin vitro and in vivo ([9–
12,16,17], reviewed in [7]). The drug down-regulates IL-2, IFN-g,
and, though to a lower extent, IL-1 secretionin vitro and also
inhibits the lymphocyte costimulatory activity of IL-1a/b and IL-6
[9]. The interference of SF with the cytokine networkin vivo may,
however, be more pronounced and more complex than anticipated
from in vitro studies, and administering SF to endotoxin-chal-
lenged rodents markedly suppresses the blood levels of TNF-a and
augments those of IL-6 [10–12]. IL-6 has recently been shown to
exert anti-inflammatory activities. These might in part be mediated
by a double antagonistic effect of IL-6 on IL-1 and TNF, e.g. by
inhibition of IL-1 and TNF production on the one hand along with
up-regulated secretion of two of their naturally occurring inhibi-
tors, the IL-1 receptor antagonist and sTNF receptor p55. Thus, the
ability of SF to increase IL-6 levels while at the same time
suppressing those of proinflammatory cytokines such as IL-2,
IFN-g and TNF-a may explain its beneficial effects in the preven-
tion/treatment of immunoinflammatory conditions such as type 1
diabetes [10,16,17], chronic endogenous uveitis [18], Bechet’s
colitis [19], Crohn’s disease [20] and septic shock [10] in
humans and/or rodent models.

The in vivo relevance of this mechanism of action for the
immunosuppressive properties of SF is in accordance with the
impact of the drug in Con A-induced T cell-dependent hepatic
injury studied here. Hence, the histological and serological protec-
tion afforded by SF was accompanied by modifications of cytokine
plasma levels, including reduced levels of IL-2, IFN-g and TNF-a,
and augmented levels of IL-6. In this model TNF-a and IL-6 play a
pathogenic and protective role [1–3], and the inhibition of TNF-a,
with the simultaneous increase of IL-6 levels, may thus be central to

the beneficial effects of SF. The ability of SF to reduce the blood
levels of IL-2 and IFN-g may also be related to the protection
afforded in this model by CsA and FK506, two immunosuppressants
which selectively block IL-2 and IFN-g production [21]. Moreover
development of chronic active hepatitis has been reported to occur in
transgenic mice expressing IFN-g in the liver [22].

Although IL-1a/b ([3] and present study) are rapidly released
in the circulation following Con A challenge, the failure ofin vivo
treatment with neutralizing anti-IL-1a antibody to prevent clinical
and histological markers of the hepatic lesions [3] argues against
the pathogenic involvement of at least this IL-1 species in this
hepatitis model. Whilst it is thus not entirely unexpected that SF
afforded its preventive effects without decreasing IL-1b plasma
levels, the trend toward higher values of this cytokine in Con A-
challenged mice treated with SF compared with control mice
contrasts with the capacity of this drug to suppress IL-1a/b
secretion from phytohaemagglutinin/LPS-activated human periph-
eral blood mononuclear cellsin vitro [9]. The reason for this
discrepancy is not known.

Chronic hepatic diseases such as chronic hepatitis and liver
cirrhosis are major causes of morbidity and mortality. It is known
that hepatitis B virus (HBV) and hepatitis C infection may favour
the development of both chronic hepatitis and hepatocellular
carcinoma (HCC) [23,24], and there is evidence that HCC occurs
in cirrhotic liver, and that chronic hepatitis is a prerequisite for
HCC development. There is also evidence that cell-mediated
immune phenomena directed against viral determinants on hepa-
tocytes [25], and probably driven by cytotoxic T lymphocytes [26],
may be implicated in HBV-induced hepatocellular injury.

That SF successfully prevents immunoinflammatory hepatic
lesions induced by Con A in mice should therefore warrant further
studies for its use in the treatment of immunoinflammatory liver
diseases. In this regard, the failure of SF to reverse the inflamma-
tion once induced by Con A does not necessarily minimize the
potential use of SF in the treatment of human immunoinflamma-
tory diseases, including inflammatory hepatitis. Pathogenic differ-
ences exist between human diseases and experimental animal
diseases, and this should be taken into account when transferring
these studies to the clinical setting. For example, CsA also fails to
reverse Con A-induced hepatitis once initiated [8], and CsA has
nevertheless beneficial effects in humans with immunoinflamma-
tory diseases, including primary biliary cirrhosis [21]. However,
because treatment with SF of humans has been shown to reversibly
increase transaminase activities [7,20], this could indicate a poten-
tial hepatotoxicity of the drug which might limit its use in patients
with hepatic impairment. Nonetheless, increase in transaminase
activity usually occurs at a dose of 1.5 g SF/day, which roughly
corresponds to 20 mg/kg in the mouse. This dosage still exerted
clear anti-inflammatory effects in the present study. More impor-
tantly, rodents metabolize SF more rapidly than humans [27]. It is
thus possible that SF has anti-inflammatory effects in humans at
doses substantially lower than 1.5 g/day, which would reduce the
risk of liver toxicity. Other strategies might be considered aiming
at synergistic effects of SF with other immunosuppressants which
might allow the combined use of drugs at lower and less toxic
doses than when each is given alone.

REFERENCES

1 Tiegs G, Hentschel J, Wendel A. A T cell-dependent experimental liver
injury in mice inducible by concanavalin A. J Clin Invest 1992;
90:196–203.

Anti-hepatitic effects of sodium fusidate in mice 483

q 1997 Blackwell Science Ltd,Clinical and Experimental Immunology, 110:479–484



2 Gantner F, Leist M, Lose AW, German PG, Tiegs G. Concanavalin
A-induced T-cell-mediated hepatic injury in mice: the role of tumor
necrosis factor. Hepatology 1995;21:190–8.

3 Mizuhara H, O’Neill E, Seki Net al. T cell activation-associated
hepatic injury: mediation by tumor necrosis factor and protection by
interleukin 6. J Exp Med 1994;179:1529–37.

4 Lohse AW, Meyer zum Bushenfelde K-H. Experimental hepatitis. In:
Cohen IR, Miller A, eds. Autoimmune disease models. A guidebook.
San Diego: Academic Press, 1994:191–9.

5 Decker K, Keppler D. Galactosamine hepatitis: key role of the nucleo-
tide deficiency period in the pathogenesis of cell injury and cell death.
Rev Physiol Biochem Pharmacol 1974;71:77.

6 Howel CD, Yoder TD. Murine experimental autoimmune hepatitis:
nonspecific inflammation due to adjuvant oil. Clin Immunol Immuno-
pathol 1994;72:76–82.

7 Nicoletti F, Meroni PL, Bendtzen K. Fusidic acid and insulin-dependent
diabetes mellitus. Autoimmunity 1996;24:187–97.

8 Ikeda K, Hirano M, Orita A, Takeuchi M. Chlorpromazine inhibits
concanavalin A-induced liver injury independently of cytokine
modulation. Immunol Letters 97;55:127–31.

9 Bendtzen K, Diamant M, Faber V. Fusidic acid, an immunosuppressive
drug with functions similar to cyclosporin A. Cytokine 1990;2:423–9.

10 Nicoletti F, Zaccone P, Di Marco Ret al.Effects of sodium fusidate in
animal models of insulin-dependent diabetes mellitus and septic shock.
Immunology 1995;8::645–50.

11 Chen Y-L, Le Vraux V, Giroud J-P, Chauvelot-Moachon L. Anti-tumor
necrosis factor properties of non-peptide drugs in acute-phase
responses. Eur J Pharmacol 1994;271:319–27.

12 Genovese F, Mancuso G, Cuzzola M, Cusumano V, Nicoletti F, Bendt-
zen K, Teti G. Improved survival and antagonistic effect of sodium
fusidate on tumor necrosis factor alpha in a neonatal mouse model of
endotoxin shock. Antimicr Agents Chemother 1996;40:1733–5.

13 Mihara M, Ikuta M, Koishihara Y, Ohsugi Y. Interleukin-6 inhibits
delayed-type hypersensitivity and the development of adjuvant arthritis.
Eur J Immunol 1991;21:2327–31.

14 Schindler R, Mancilla J, Endrez S, Ghorbani R, Clark SC, Dinarello
CA. Correlations and interactions in the production of interleukin-6 (IL-
6), IL-1, and tumor necrosis factor (TNF) in human blood mononuclear
cells: IL-6 suppresses IL-1 and TNF. Blood 1990;75:40–47.

15 Tig H, Trehu E, Atkins MB, Dinarello CA, Mier JW. Interleukin-6 (IL-6)

as an anti-inflammatory cytokine: induction of circulating IL-1 receptor
antagonist and soluble tumor necrosis factor receptor p55. Blood 1994;
83:113–8.

16 Nicoletti F, Di Marco R, Morrone Set al. Reduction of spontaneous
autoimmune diabetes in diabetes-prone BB rats with the novel immu-
nosuppressant fusidic acid. Effect on T-cell proliferation and produc-
tion of interferon-g. Immunology 1994;81:317–21.

17 Nicoletti F, Meroni PL, Lunetta Met al.Sodium fusidate and increased
remission rate of insulin-dependent diabetes mellitus. Lancet 1991;
337:1292.

18 Bendtzen K, Viesti-Nielsen N, Petersen J, Andersen V, Bendixen G.
Treatment of chronic endogenous uveitis with fusidic acid. Lancet
1991;337:552–3.

19 Langholz E, Brynskov J, Freund LG, Bendtzen K. Fusidic acid for
Bechet’s colitis: a novel approach to T-cell specific immunosuppressive
therapy. Dan Med Bull 1991;38:28.

20 Langholz E, Brynskov J, Bendtzen K, Vilien M, Binder V. Treatment of
Chron’s disease with fusidic acid: an antibiotic with immunosuppres-
sive properties similar to cyclosporin. Aliment Pharmacol Ther 1992;
6:495–502.

21 Thompson AW. The spectrum of action of new immunosuppressive
drugs. Clin Exp Immunol 1992;89:170–4.

22 Toyonaga T, Hino O, Sugai S, Wakasugi S, Abe K, Shichiri M,
Yamamura K-I. Chronic active hepatitis in transgenic mice expressing
interferon-g in the liver. Proc Natl Acad Sci USA 1994;91:614–8.

23 Beasley RP, Hwang LY, Lin CC, Chien CS. Hepatocellular carcinoma
and hepatitis B virus. A prospective study of 22,707 men in Taiwan.
Lancet 1981;2:1129–33.

24 Saito I, Miyamura T, Ohbayashi Aet al. Hepatitis C virus infection is
associated with the development of hepatocellular carcinoma. Proc Natl
Acad Sci USA 1990;87:6547–9.

25 Mondelli M, Vergani GM, Alberti A, Vergani D, Portmann B,
Eddleston ALWF, Williams R. Specificity of T lymphocyte cytotoxi-
city to autologous hepatocytes in chronic hepatitis B virus infection:
evidence that T cells are directed against HBV core antigen expressed
on hepatocytes. J Immunol 1982;129:2773–8.

26 Chisari FV, Ferrari C, Mondelli MU. Hepatitis B virus structure and
biology. Microb Pathol 1989;6:311–32.

27 Findon G, Miller TE, Rowe LC. Pharmacokinetics of fusidic acid in
laboratory animals. Lab Anim Sci 1991;41:462–5.

484 F. Nicoletti et al.

q 1997 Blackwell Science Ltd,Clinical and Experimental Immunology, 110:479–484


