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Effect of Interferon-a on Experimental Septal
Fibrosis of the Liver — Study with a New Model
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Interferona is used in antiviral therapy in humans, mainly for viral hepatitis B and C. An anti-fibrotic
effect of interferon has been postulated even in the absence of anti-viral response, which suggests thg
interferon directly inhibits fibrogenesis. Rats infected with the heln@atillaria hepaticaegularly
develop diffuse septal fibrosis of the liver, which terminates in cirrhosis 40 days after inoculation.

The aim of this study was to test the anti-fibrotic effect of interferon in this experimental model.
Evaluation of fibrosis was made by three separate methods: semi-quantitative histology, computerized
morphometry and hydroxyproline measurements. Treatment with intedepooved to inhibit the
development of fibrosis in this model, especially when doses of 500,000 and 800,000 IU were used for
60 days. Besides confirming the anti-fibrotic potential of interferam a non-viral new experimental
model of hepatic fibrosis, a clear-cut dose-dependent effect was observed.
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Patients with chronic hepatitis, especially du&Vvhen these two models were actually compared,
to hepatitis C, and presenting sustained respondagerferon was seen to inhibit fibrosis due to CCl4
to treatment with interferon; exhibited quantita- administration, but not that derived from total bile
tive improvement of the degree of hepatic fibroduct ligation (Fort et al. 1998). As a contribution
sis (Manabe et al. 1993, Shiratori et al. 2000). Tht® this subject, the present paper deals with the ef-
decrease in the amount of fibrosis was recordddcts of interferora on a new model of hepatic
even in non-responders to the anti-viral treatmeffibrosis in rats. As first described by Ferreira and
and was seen to occur regardless of viral loaéndrade (1993), rats infected with the helminth
and the presence of inflammatory or degenerativ@apillaria hepaticaregularly develop septal fi-
changes (Guerret et al. 1999). Nevertheless, htosis of the liver. Septal fibrosis starts one month
remains rather difficult to determine from suchafter infection and is already well developed
clinical studies whether the effect on fibrosis wasround the 40th day, when the worms have already
indeed direct or merely secondary to modulatorglied and the focal direct parasite-dependent lesions
and anti-viral properties of the drug. exhibit encapsulation and signs of progressive re-

The anti-fibrotic effect of interferon-on non-  sorption. Septal fibrosis is progressive from then
viral conditions has been tested with differenbn, and the late outcome is a full picture of cirrho-
experimental models of hepatic fibrosis. Positiveis. The histology is similar to that observed in rats
results were observed with the classical model oépeatedly injected with whole pig serum, except
carbon tetrachloride-induced hepatic fibrosis in ratlor the presence of focdl. hepaticalesions
(Pilette et al. 1997). However, the model of tota{Paronetto & Popper 1966, Andrade 1991). More-
bile duct ligation in rats has yielded both positiveover, similar to the pig-serum model, septal fibro-
and negative results (Moreno & Muriel 1995).sis in capillariasis is hot preceded by diffuse chronic

inflammation or overt hepatocellular necrosis. Its
pathogenesis has probably an immunological ba-
sis, as demonstrated for the pig-serum model
(Bhunchet 1996). Antigenic materials sequestered
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This new experimental model was used iteica Microstar IV) was utilized in nine micro-
the present study to test the effects of interferomseopic fields, randomly selected. The sectional area

o on hepatic fibrosis. of the fibrous tissue, red stained, was directly mea-
MATERIALS AND METHODS sured' and calculated as a percent of the total area
examined.

Adult Wistar rats of both sexes, weighing 170  Bjochemical determination of hydroxyproline
to 300 g, were maintained on a commercial bakontent was made according to the colorimetric
anced diet and wated libitum.They were infected method of Bergman and Loxley (1963).
with approximately 800 embryonated eggsCof Results were submitted to statistical analysis.
hepatica administered by gavage. Twenty-five
days after inoculation the animals were divided into RESULTS
four groups of five animals each, according to type All infected control animals, that did not re-
and dose of treatment. Groups |, Il and lll wereeive interferon, developed septal fibrosis of the
treated with subcutaneous injections of 0.5 ml diver, which was already well established by the
interferone in saline, administered daily in the45th day of infection and that evolved toward a
doses of 100,000, 500,000 and 800,000 1U, respefed! picture of cirrhosis by the end of the experi-
tively. The fourth group was used as control, treatemient (Fig. 1). Fibrosis appeared as fine and long,
under the same schedule, but with saline injectiorikin, deeply sirius-red stained threads, formed along
only. An hybrid, recombinant, non-species specifithe acinar zone Il and connecting central veins to
interferona, formed by an N-terminal segmentcentral veins and also to portal spaces. In cases
composed by the aminoacids 1-60 Hul&R-and with marked degree of fibrosis the septa appeared
61-166 HulFNe D, was used (Meister et al. 1986,thicker, exhibited condensation zones and pre-
Horisberger & Staritky 1987). sented numerous radiating branches that delimited

Treatment was administered from the 25th taodular areas of parenchyma, connected central
the 65th day of infection. To follow the course ofareas to portal spaces and sometimes ended
treatment a surgical liver biopsy was performeabruptly within the hepatic parenchyma. The nodu-
on the 45th day of infection. Sacrifice of all ani-lar zones of the hepatic parenchyma usually main-
mals occurred on the 95th day after inoculation. tained its normal structure, with one-cell thick

Samples of the liver obtained by biopsy andords, but, later on, formed expansive regenera-
necropsy were submitted to histologicaltive nodules, with more than one-cell-thick cords
morphometrical and biochemical studies. Histol{Fig. 2). Treatment with interferon considerably
ogy was made on sections of Bouin-fixed tissuattenuated the degree of septal fibrosis. Although
embedded in paraffin, which were stained withihe fibrous septa still appeared circumscribing pa-
hematoxylin and eosin and picrosirius-red for colrenchymal nodules in some treated animals, these
lagen, according to Junqueira et al. (1979). Theere focally distributed, usually in direct connec-
degree of fibrosis was first evaluated withtion with focal dead-parasite lesions, and in none
picrosirius-red stained slides, by means of a semidf them a complete morphological picture of cir-
guantitative method, the sections being indepemhosis was registered (Fig. 3).
dently and blindly recorded by two observers. Fi- The decrease in the amount of fibrosis appeared
brosis was arbitrarily recorded as (0) or absent (noevident when the tissues were analyzed with semi-
mal liver histology); mild (+) a few thin septa quantitative histological (Table 1), morphometrical
distributed in a few focal areas, usually aroungTable Il) and biochemical (Table Ill) methods. A
dead-worm lesions; moderate (++) when septal fdose-dependent effect was observed. With the dose
brosis was diffuse, but the septa were thin, uswf 100,000 IU the results were somewhat dubious.
ally incomplete, terminating within the liver pa- They did not reach statistical significance neither
renchyma; and severe (+++) with numerous septay measurement of hydroxyproline content, nor by
of variable thickness, circumscribing parenchymathe semi-quantitative histologic evaluation. How-
nodules (cirrhosis). In case of disagreement, ever, morphometric measurements showed an anti-
settlement was reached by re-examining the sefibrotic effect, which was statistically significant.
tions before decoding them. Results refer to necropsy material, since the group

Morphometric measurements were made otreated with the dose of 100,000 IU of interferon
histological sections stained with the picrosiriushas not been subject to a previous biopsy.
red method, and analyzed by means of a Comput- Significant results appeared when the doses of
erized Image Analyzing System (Leica Quantime$500,000 IU and especially 800,000 IU were ap-
Q500MC, Cambridge, England). For such meaglied. These high doses apparently did not cause
surements a total sectional area of 17.08yt?*  any ill effect for the animals. They maintained
per case was evaluated. A 4x objective (Microscopgood appearance of the body hair, were active, did
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Fig. 1: focal lesion caused IGapillaria hepaticain the rat liver. Necrotic remnants of dead worms and eggs appear surrounded
by an encapsulating fibrous reaction. The hepatic parenchyma is already dissected by thin fibrous septa. Hematoxylin and
Eosin, 160X
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Fig. 2: numerous confluent parasite lesions causeddmjilaria hepaticain the rat liver are seen at the top of the picture, but
septal fibrosis is minimal and only present at the immediate vicinity of the focal parasite lesion. The animal was treated with

800,000 IU of interferom for 60 days. Sirius-red stain for collagen, 25X

not loose weight or appetite, and did not differ ithe drug appeared dependent on the administration

these aspects from the control rats receiving salifhigh doses. As a matter of fact, the dose of 100,000
injections. IU was first used in an attempt to reproduce the con-

ditions in the paper by Moreno and Muriel (1995)

DISCUSSION in which fibrosis occurring in the model of total bile
Septal fibrosis of the liver, associated w@h duct ligation in rats was successfully treated. Re-
hepaticainfection of rats, was clearly inhibited by sults were then slightly suggestive of an anti-

interferone treatment. The anti-fibrogenic effect offibrogenic effect, being statistically significant on
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Fig. 3: control of interferon treatment. Septal fibrosis involves the entire liver and isolates nodular portion of tbe hepati
parenchyma, forming the picture of cirrhosis. A rounded residual fibrotic lesion, directly cauSegiltgria hepatica is also
present (arrows). Sirius-red stain for collagen, 25X

morphometric grounds only. Such discrepancy of TABLE Il

results with different methods of fibrosis evaluation \;onhometric evaluation of hepatic fibrosis in rats
has also been observed in human studies when tgh Capillaria hepaticainduced septal fibrosis of the
anti-fibrotic effect was rather mild (Guerret et al. liver

1999). However, a clear-cut, dose-depend effect
became evident when the animals were treated wi

500,000 and 800,000 IU. The direct transposmoﬁontrol (n=5) 19.28x10+ 2.17x1¢  PBS (0.85%)
I (n=5) 13.41x18+ 5.5x1¢*  INF-a

roups Average (UAVSD Treatment

(100,000 UI)

TABLE | Il (n=3) 10.31x16+ 3.59x1¢ Iglg(_)aooo U

Semi-quantitative histological evaluation of fibrosis in (n=5) 569 x10G + 2.74x1% I(NF-Ex )
rats withCapillaria hepaticainduced septal fibrosis ’ - (800,000 UI)

of the liver after treatment with interferan{INF-a)

Differences between the control group and each one of

Groups Biopsy Autopsy Treatment the treated groups are highly significant (P< 0.05-
Control (n=5) +++ +++  Saline (PBS) Student-Newman-Keuls); INE: interferone
Group | INFa (100,000UI)
Animal 1 - +++
Animal 2 - ++ TABLE llI
ﬁz:mg: 2 ++:+ Hydroxiproline content measured in the livers of rats
Animal 5 ] — with Capillaria hepaticainduced septal fibrosis
treated with interferom (INF-a)
Group_ll INF-ar (500,000 UI) Groups Average Treatment
Animall 44+ 4+t molig/SD
Animal 2 ++ + Hmolig
Animal 3 ++ ++ Control 4 (n=5) 8.84+1.92 PBS (0.85%)
I (n=5) 7.40+1.27  INFx (100,000U1)
Gl e INF-0( (800,000 U) -, *11=3) 413+138 INFa (500,000 Ul)
Il (n=5) 3.95+0.73 INFa (800,000 UI)

Animal 2 +
Animal 3 +
Animal 4 +
Animal5  ++

Differences between control (Group 1V) and groups Il
and Il are highly significant (P< 0.05, Student-Newman-
Keuls)

44+ F o+
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of these doses for human use is certainly not ad- methods for the spectrophotometric determination
equate, but present demonstration is still of inter- of hydroxyproline. Ann Chem 351961-1965.

est. Human beings can tolerate doses of interferoBbunchet E, Eishi Y, Wake K 1996. Contribution of
o higher than 5 million units, although some ad- immune response to the hepatic fibrosis induced by
verse effects may become frequent. Effective doses, tlpe(;rgge j:;gzr%pﬁtilggg Zaiﬁ;'iln:én ¢ of chroic
and toxicities of drugs usually show large varia- : ' g

. S : . . hepatitis C. In E KrawittMedical Menagement of
tions in different animal species. Demonstration |y er DiseaseMarcel Decker, New York, p. 99-123.

of a dosejdepender]t effect of interferon On.h“begos F, Daurat V, Chevret S, Gayno S, Bastie A, Riachi
patic fibrosis may be important. Not only duration G, Bartolomei-Portal I, Barange K, Moussalli J 1998.

of treatment, but also the doses, are important fac- Reinforced regimen of interferon alfa-2b reduces the
tors observed for the anti-fibrotic effect of inter- incidence of cirrhosis in patients with chronic hepa-

feron-a in humans (Poynard et al. 1995, Degos et titis C: a multicentric randomised trial. Hepatol

al. 1998). The side effects of interferons are not 29 224-232. o _

trivial, but effective interventions to reduce thesé&e'réira LA, Andrade ZA 199&apillaria hepaticaa

effects may improve the quality of life of many ga;‘ﬁ dgférigtggjﬂfﬁ of the livevem Inst

patients (Qotler & Jensen 1999)' Fort J, Pilette C, Veal N, Oberti F, Gallois Y, Douay O,
A possible direct effect of interferam-on C. Rosenbnaum J, Cales P 1998. Effects of long-term
hepaticacan be discarded. This helminth causes a agministration of interferon alpha in two models of

self-limited infection to rats, all adult worms dying Jiver fibrosis in rats.J Hepatol 29 263-270.
within the liver around the 25th-40th day after in-Geerts A, De Bleser P, Hautekeete ML, Niki T, Wisse
fection. Later on the involuting focal parasitic le- E 1999. Fat-storing (Ito) cell biology. In IM Arias,
sions are scattered distributed throughout the liver, JL Boyer, N Fausto, WB Jakoby, DA Schachter, DA
their number showing little variation from case to gr:jafr(ijtz (st)Thg Liver1§i0|03y ?(nd Pgigoggogy,
case during the present experiment. All control cases > €d., Raven Press, New York, p. 819-830.
exhibited severe degree of fibrosis (cirrhosis) by th ”eér%t.ng?S,mouclz'eée A CgoisAegcrﬁs P,"_Co:/ltigAsl;gA,
end of experiment, regardless possible variation in Lgné-teFmrggr?win'istrgrt?c?# of int‘erfeﬁ)vnﬂ?rr] non-re-
n_umber of parasitic lesions. Therefore, parasite Ioa_ld sponder patients with chronic hepatitis C: follow up
did not seem an important factor to be considered in of jiver fibrosis over 5 years.Viral Hepatol 6 125-
the present circumstances in order to evaluate the 133,
anti-fibrosis effects of interferoa- Guido M, Rugge M, Chemello L, Leandro G, Fattovich
The expression ofo-isotype of actin in Ito’s G, Giustina G, Cassaro M, Alberti A 1996. Liver
cells was seen to be markedly depressed in pa- stellate cells in chronic viral hepatitis: the effect of
tients with chronic hepatitis submitted to interferon-  interferon therapy.J Hepatol 24301-307.
o treatment, as immunohistochemically detectedorisPerger MA, Staritzky K 1987. A recombinant hu-

: ; ; : man interferora B/D hybrid with a broad host-
(Guido et al. 1996). This effect would interfere with range.) Gen Virol 68945-948.

the phenotype transfqrmatlon of. Ito’'s cells mtoJunqueira LCU, Bignolas G, Brentani R 1979.
myofibroblasts, a crucial step during extracellular  pjc;osiriys staining plus polarization microscopy, a
matrix formation in the liver (Geerts et al. 1999).  gpecific method for collagen detection in tissue sec-
Studies in vitro have demonstrated that inter- tjons.Histochem J 1:1447-455.

feron-a can also have other anti-fibrotic effectsMallat A, Préaux AM, Blazejewski S, Rosenbaum J,
such as increasing the synthesis of collagenases Dhumeaux D, Mavier P 1995. Interferonandy
and glycosaminoglycan in cultured dermal inhibit prolife_ration and collagen synthesis of hu-
fibroblats (and in interfering with cell-multiplica- ~ man Ito cells in culturédepatology 211003-1010.
tion and collagen synthesis of cultured Ito’s celiy!anabe N, Chevalier M, Chossegros P, Causse X,
(Mallat et al. 1995, Geerts et al. 1999). Guerret S, Trépo C, Grimaud JA 1993. Interferon

o - - a-2b therapy reduces Iver fibrosis in chronic non-
If septal hepatic fibrosis associated wih A, non-B hepatitis: a quantitative histological evalu-

hepaticai'nfection' in rats also depends on an im- ation. Hepatologyl8: 1344-1349.
munological basis, the well known modulatoryyeister A, Uzé G, Mogensen KE, Gresser |, Tovey MG,
effect of interferon may be playing a role in pre-  Griitter M, Meyer F 1986. Biological activities and
venting or degrading fibrosis in the experimental receptor binding of two human recombinant
model now being considered. interferons and their hybrid$ Gen Virol 671633-
1643.
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