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INTRODUCTION

MATERIALS AND METHODS

In our previous investigations we have shown that IL-la is highly protective in mice with acute hepatototoxicity induced by acetaminophen (Paracetamol; AAP) (23), However, the mechanism(s) of the protective effect of IL-Ia in this, as well as in other models of acute tissue damage (22, 25), is still unknown, Since IL-la induces the synthesis of various mediators (9), some of which have hepatoprotective effects, several mechanisms might be involved (23). One of the them might be mediated by prostaglandin E2 (PGE2), since exoge
nously added PGE? is protective in vivo in rodents
with chemically-induced acute hepatotoxicity (24, 28), and IL-l a induces the synthesis of PGEz in liver cells (8, 14, 23). Another mechanism might be mediated by interleukin-6 (lL-6), since IL-6 has trophic effect on liver cells (1, 17, 19) and IL-la induces its synthesis in liver (8) and in other (20, 26) cells. Moreover, IL-la induces the synthesis of nitric oxide (NO) (13) and acute phase proteins (5), which also have hepatoprotective effects (3, 7). Finally, the protective effect of IL-l a might be simply due to its inhibitory effect on cytochrome P-450 mixed oxidases (6), the enzymes converting AAP in liver in its active metabolite (21).
However, although highly suggestive, none of the above mentioned mechanisms have been proven. In this communication we investigated the hepatoprotective effect of IL-la in mice with AAP-induced hepatotoxicity in which the action of PGE2 and IL-6 was selectively blocked by administration of specific antibodies. We also investigated the effect of recombinant mouse IL-6 in the same model. Finally, we tested the effect of IL-la in a model of hepatotoxicity, independent from action of cytochrome 450 oxidases, i.e. in mice given lipopolysaccharide (LPS) after presensitization with D-galactosamine (12).

Abbreviations: AM acetaminophen; DGaIN, D( +)galactosamine hydrochloride; LPS, lipopolysaccharide; AST, aspartate aminotransferase; ALT, alanine aminotransferase;

Animals
CBNH Zgr inbred mice were raised in an animal colony unit at the Department of Physiology, School of Medicine, Zagreb. Mice of both sexes aged 12-16 weeks, weighing 20-25 g, were used. They were kept under standard laboratory conditions, fed with commercially available murine food pellets (K-l, Domzale, Slovenia) and given water ad libitum.

Induction of hepatitis with AAP
The procedure of Guarner et al. (14) was followed with slight modifications. Mice were given phenobarbitone-sodium (Kemika, Zagreb, Croatia) in drinking water during 7 days (0.3 g/L) in order to induce hepatic drug-metabolizing enzymes. Thereafter, mice were fasted overnight and AAP (0.5 ml) was given intragastrically by a stomach tube. Animals were allowed food 4 h later. Dose of the drug was either 200 or 300 mg/kg as indicated under Results. The dose of 300 mg/kg AAP induces a 71 %-79% mortality and the dose of 200 mg/kg about 10% mortality.

Induction of hepatitis with DGalN and LPS
Mice were given i.p. an injection of 650 mg/kg DGalN in a volume of 0.2 ml. One hour later they received i.p. 0.01 mg/kg (0.2 flg/mouse) LPS.

Reagents
Pure AAP substance was donated by the Krka Pharmaceutical Company (Novo Mesto, Slovenia). AAP was dissolved in heated PBS to which 1-2 drops of 'TWeen 80 were added. Half mL of the suspension was thereafter administered intragastric ally. Recombinant human IL-la (rhIL-la; 117 -271 Ro 24-5008, lot IL-l 2/88, sp. act. 3xlOB UI mg) was kindly provided by Dr Peter Lomedico (Hoffmann-La Roche Inc., New York), by courtesy
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of Dr A. Marusic (Dept. Anatomy, School of Medicine, Zagreb). Recombinant mouse IL-6 (rmIL-6) was obatined from Genzyme (TEBU, Paris, France). A stock solutions of rhIL-l a and rmIL-6 were prepared in 0.2% BSA in pyrogen-free saline, aliquoted and stored at -70°C. They were diluted immediately before use and injected intraperitoneally in a volume of 0.2 ml. Control animals were simultaneously given 0.2 ml pyrogen-free saline. D( + )-Galactosamine hydrochloride (DGalN) and LPS from Salmonella enteritidis were purchased from Sigma (St. Louis, Missouri, USA), and anti-PGE2 polyclonal antibodies from Seragen (Boston, Mass, USA). DGalN and LPS were dissolved in sterile pyrogen-free saline and injected i.p. in a dose of 0.2 rnl. Liophylized anti-PGE2 antibodies were reconstituted to the original volume (20 ml) with PBS, injected Lp. in a dose of 0.2 ml. Monoclonal anti-mouse IL-6 antibodies were ascites supernatants from rat hybridomas 6B4 growing in nude mice. Precipitated immunoglobulin fraction was dis
solved in saline and Lp. injected to mice in volume of 0.2 ml.
Plasma ALT and AST concentrations
ALT and AST concentrations were measured 24 hrs after the AAP administration. Plasma samples were obtained by a procedure in which hemolysis was undetectable. Mice were given 250 U heparin i.p. 15 min before bleeding. Blood was obtained by puncture of the medial eye angle with heparinized glass capillary tubes. Plasma was stored at -20°C for 24 h before aminotransferase determination. AST and ALT levels were determined by standard laboratory techniques (10, 11).
IL-6 bioassay
IL-6 activity in plasma was measured with the 7TD 1 cell proliferation assay (32). Serial dil utions of the samples were incubated -in triplicate with 3000 7TDl cells for 72 hours in 96-well micro titer plates. MTT (3-/4.5-dimethyl-thiazole2-ylj2.5-diphenyltetrazolium bromide) was added. Three hours later the supernatant was discarded and the cells were lysed with dimethyl sulfoxide. The plates were read in microplate reader (570 nm). The optical density of the samples was compared with a standard curve generated from serial dilutions of murine rIL-6.
Statistical analysis
The results are expressed as mean:!: S.E.M. Parametric variables were compared by Student's t-test. Differences in survival between the groups of mice were compared by chi-square test, using Yates's correction of the test when indicated.
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RESULTS
The effect of IL-1α on serum level of IL-6 in mice given AAP
We have shown previously that IL-la increases the synthesis of PGE2 in liver tissue of AAP-pretreated mice (23). In this experiment we investigated the effect of the same cytokine on IL-6 synthesis in the AAP-pretreated mice. Saline or IL-la (l000 U/mouse i.p.) were administered to mice 2 hours before the AAP (300 mg/kg). This dose and time of administration of IL-l a was previously shown to have the maximal hepatoprotective effect (23). IL-6 concentration was determined 2 hours after AAP administration in plasma of a group of 6. At the same time, control IL-6 level was determined in 6 untreated mice. As presented in Table 1, IL-6 was detectable in normal mice and its level was slightly, but not significantly, increased in saline-pretreated mice given AAP The administration of IL-1α  before AAP significantly increased IL-6 level in comparison to normal mice (p < 0.01). These results are very similar to that obtained by giving IL-1α  to normal mice (20).
TABLE 1
Serum level of 11-6 in mice pretreated with 11-la before AAP
Treatment
IL-6level (pg/ml)b
135 :!: 59 183 :!: 33
374 :!: 38c
Normal mice Saline + AAP IL-Ia + AAP
" Saline or IL-Ia (1000 U/mouse i.p.) were administered to
	mice i. p. 2 hrs before AAP (300 mg/kg) administration
b Determined 2 hrs after MP administration (Mean :!:
	SEM, n = 6)
c p < 0.01
The influence of anti-PGE2 and anti-IL-6 antibodies on hepatoprotective effect of IL-lα
The AAP heptotoxicity was assessed by measuring serum ALT and AST levels 24 hours after administration of the drug (200 mg/kg). Before AAP, different groups of mice (6 mice per group) were given Lp. either saline, IL-la (l000 U/mouse i.p.), anti-PGE2 antibodies (0.2 ml/mouse), anti-IL-6 antibodies (0.4 mg/mouse), combination of IL-l a and anti- PGE2 antibodies or IL-la and anti-IL-6 antibodies (Table 2). Saline and IL-la were given 2 hours before AAP, and anti-PGE2 and anti-IL-6 antibodies 3 hours before ILIa, i.e. 5 hours before AAP
As Table 2 shows, IL-la significantly decreased both AST and ALT levels in comparison to mice given saline before AAP (p < 0.01 and p < 0.05, respectively). Anti-PGE2 antibodies, when given alone before AAp, had no significant effect on ami
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TABLE£..
The influence of anti-PGE2 (PGE2) and anti-mouse /L-6 (a-m/L-6) antibodies on hepatoprotective effect of /L-1 a in mice given a lethal dose of AAP
Serum aminotransferase levelb
Pretreatment'
AST (U/L)
ALT (UIL)
Normal mice
75 :t 4
23 :t I
Saline
1157:t 151
1047 :t 128
IL-Ia
336 :t 32e
536 :t 64"
a-PGEz
1162 :t 243
920 :t 83
a-PGE2 + IL-Ia
656 :t 10ged
750 :t 65d
a-mIL-6
1385 :t 239
1497:t 164
a-mlL-6 + IL-Ia
NDe
844 :t 67d
'Saline or IL-Ia (1000) U/mouse) were administered to mice i.p. 2 hrs before AAP administration (200 mg!kg). Anti-PGEz and anti-mouse IL-6 antibodes were given i. p. 3 hrs before IL-I a.
h Determined 24 hrs after AAP administration (Mean :t SEM, n = 6). e Significant difference (p < 0.05 or better) to saline pretreated mice. d Significant difference (p < 0.05) to IL-Ia
e Not done.
notransferase levels. However, when given before IL-l a they partially abrogated its protective effect, i.e. serum aminotransferase levels were higher than in mice pretreated with IL-l a alone but lower than in mice pretreated with saline. Anti-IL-6 antibodies injected alone increased slightly (but not significantly) both AST and ALT levels. When given before ILIa, as judged by determination of only AST level, these antibodies partially eliminated its protective effect, Le. AST level was midway between the level in mice pretreated with IL-la alone and the level in mice pretreated with saline.
These data show that both anti-PGE2 and anti-IL-6 antibodies partially abrogate the hepatoprotective effect ofIL-l a.
The influence of rmIL-6 anti anti-mIL-6 monoclonal antibodies on mortality and serum aminotransferase level in mice with AAP-induced hepatotoxicity
Mice were given rmIL-6 (10000 U/mouse i.p.) 2 hours and anti-mIL-6 monoclonal antibodies (0.4 mg/mouse Lp.) 3 hours before MP (300 mg/kg). Mortality was followed-up for 48 hours and the serum AST and ALT levels were determined 24 hours after MP administration. As seen in Table 3, rmIL-6 significantly decreased the mortality and aminotransferase levels in comparison to control mice treated with saline (p < 0.001 and p < 0.01, respectively). On the contrary, the administration of monoclonal anti-IL-6 antibodies before MP increased slightly both the mortality of mice (from 53% to 69%) and the serum AST and ALT levels (p > 0.05 and p < 0.05, respectively). When the same antibodies
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TABLE 3.
Influence of rmIL-6 and anti mIL-6 monoclonal antibodies on mortality and serum aminotransferase level in mice with AAP-induced hepatotoxicity
Pretreatment' No of dead mice!
Serum aminotransferase levelb

'Ibtal No of mice (%)
AST (UL)
ALT (UIL)
Saline
19/36 (53)
1180 :t 260
1303 :t 224
rmlL-6
2/20 (10) r
390:t IOle
431 :t 84e
a-mIL-6
22/32 (69)
1413 :t 224
1863 :t 206d
a-mIL-6
10/20 (50)
NO"
NDe
(30 ' ,70°C)



'Saline or rmlL-6 (10000 U/mouse) were administered to mice i.p. 2 hrs before MP administration. Anti-mIL-6 antibodies were given i.p. 3 hrs before AAP.
b Determined 24 hrs after AAP administration (Mean :t SEM, n = 6) e Not done.
d.e.! p < 0.05, p < 0.01 and p < 0.001 in comparison to saline treated mice, respectively.
were heat-inactivated (30 minutes in water bath at 70°C) they lost their activity, i.e. they had no effect on mortality of mice (50% vs. 53% mortality in comparison to saline-treated mice). The data show that IL-6 has strong hepatoprotective effect.
The effect of IL-Iα on mortality of mice with hepatotoxicity induced with D-GaIN and LPS
Saline or IL-lex (1000 U/mouse i.p.) were given to mice 2 hours before D-GalN (650 mg/kg i.p.). One hour after D-GaLN the same mice were given LPS (0.2 /lg/mouse i.p.). Table 4 shows that all mice pretreated with saline died within 24 hours after LPS administration. Pretreatment with IL-l a significantly reduced the mortality of mice given DGalN and LPS (mortality 3/15 vs. 15/15 in control mice; p < 0.0001). No additional deaths were seen in this group within the next 48 hours. The data show that IL-la is also highly protective in hepatotoxicity induced by LPS in DGalN presensitized mice.
TABLE 4.
The effect of IL-l a on hepatotoxicity induced by DGaIN and LPS'.
	Mortality
No of dead mice/ Total No of mice (%)e
Treatmentb
Saline + DGalN + LPS
15/15 (100)
IL-Ia + DGalN + LPS
3/15 (20)d
'Mice were given 650 mg!kg DGalN i.p. and one hour later 0.01 mg!kg (0.2/lg/mouse) LPS i.p:
h Saline or IL-Ia (1000 U/mouse or 166 ng!kg) were given i.p. 2 hrs before DGalN administration
e Mortality was recorded after 24 hrs. d p < 0.0001
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DISCUSSION

In the presented experiments we confirmed the previous results that IL-l a is highly protective in AAP-induced acute hepatotoxicity (23). Since IL-la inhibits the function of cytochrome P-450 mixed oxidases (6), and AAP is metabolized in liver in an active form by these enzymes (21), the protective effect of IL-l a may simply be due to the inhibition of conversion of AAP in active moiety. However, this is most probaby not the mechanism of its protective effect, since IL-la was protective in a model of hepatotoxicity which is independent of action of cytochrome P-450 oxidases, i.e. in mice given LPS after sensitization with LPS (Table 4). In the latter model, D-galactosamine inhibits RNA synthesis and thus prevents the synthesis of protective proteins against damage inflicted by LPS (16).
It is known that IL-la stimulates the production of PGE in the liver cells (B, 14, 23) and that exogenoush applied PGE2 is hepatoprotective (24, 27, 28). Here we have shown that anti-PGE2 antibodies, as judged by change of aminotransferase level, partially cancel the protective effect of IL-la in AAP-induced hepatotoxicity (Table 2). However, PGE2 might not be only protastnoide involved in IL-la mediated hepatoprotection. Indeed, others have shown that PGI2 is highly protective in mice with MP-induced hepatotoxicity (at much lower dose than PGE2) and that thromboxane Az (T~) might cause hepatic damage (14). In line with this, we have found that liver fragments from mice pretreated with IL-l a before administration of AAP produce in vitro increased amounts of PGE2 and PGI2 and decreased amounts of TxA2 (unpublished data). Obviously, to assesss the role of prostanoids in IL-1a mediated protection of hepatotoxicity, one needs to use specific antibodies to or specific antagonists of these prostanoids as well.
Other mediator in IL-l a- induced protection might be IL-6. This cytokine has been shown to contribute to the radioprotective effect of IL-l on hematopoietic cells (22). Here we have shown that IL-1a  stimulates the synthesis of IL-6 in mice with AAPinduced hepatotoxicity (Table 1). Others have shown the same effect of IL-la in normal mice (20). Anti-IL-6 antibodies partially cancelled the protective effect of IL-la in mice with AAP-induced hepatotoxicity (Table 2). Since IL-6 has general hepatotrophic effect (2, 17), we investigated the effect of this cytokine in hepatoprotective mechanisms by blocking the action of spontaneusly produced IL-6 (i.e., by use anti-IL-antibodies without exogenous stimulation with IL-la), as well as by following the effect of exogenously added cytokine (T'able 3). The administration of recombinant IL-6 highly reduced the mortality of mice and serum aminotransferase level, while the blocking action of spontaneously produced IL-6 had the opposite effect. Thus, all these data clearly show that IL-6 is, at least in this model of hepatotoxicity, beneficial to damaged liver cells, i.e. hepatoprotective. This is in agreement with some clinical observations (30).
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Recently, there appeared data showing that monoclonal anti-IL-6 antibodies do not block, but actually increase concentrationion of bioactive IL-6 in the serum (15, 31). Indeed, in our preliminary experiments, using the same antibodies and the dose, we have shown that anti-IL-6 antibodies greatly (up to 18 times) increase the level of bioactive IL-6 in sera of AAP-treated mice. Thus, our data with anti-IL-6 antibodies might be intepreted as speaking in favour of pathogenic (hepatodamaging) role of IL-6 in acute hepatotoxicity (1B, 29). However, despite of increased level of bioactive IL-6 after administration of anti-IL-6 andtibodies, the data obtained after exogenously added recombinant IL-6 clearly show that this cytokine is, at least in this model of hepatotoxicity, beneficial to damaged liver cells, i.e. hepatoprotective. Even more, IL-6 might be a more distal mediator in protective cascade then the prostaglandins, since PGE2 is shown to induce the synthesis of IL-6 (4, 33).
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r-- ABSTRACT
Protection of acute hepatotoxicity in mice by interleukin-la - the role of interleukin-6 and prostaglandin Ez
Background and Purpose. We have shown previously that lL-la is highly protective in mice with acute hepatototoxicity induced by AAP In these experiments we investigated whether PGEz and lL-6 are involved in
lL-la-induced hepatoprotection. In addition, we investigated the effect of spontaneously produced lL-6 on AAP-induced hepatotoxicity; and the effect of lL-la on heptotoxicity induced by LPS in D-galactosamine sensitized mice.
Materials and Methods. The mice received toxic dose of AAP by gastric route. Recombinant human lL-la or recombinant mouse lL-6 were given to mice i.p. 2 hours before AAP, polycolnal anti.PGEz and monoclonal anti-lL-6 antibodies were given 3 hours before lL.l a, or, when given alone, 5 hours before AAP The mortality of mice was followed, and serum aminotransferase levels (AST and ALT) were determined 24 hours after the AAP administration.
Results. lL-l a significantly reduced and the serum ALT and AST levels in the AAP-treated mice. It also decreased the mortality of mice which received LPS after D-galactosamine. Pretreatment of mice with anti-PGEz or anti-lL-6 antibodies before lL-la administration decreased its protective effect in those with AAP-induced hepatotoxicity Administration of anti-lL-6 antibodies alone before AAP increased the mortality of mice and the serum aminotransferase levels, while, in..contrast, administration of recomb inant mouse lL-6 before AAP had the opposite, i.e. beneficial effect.
Conclusion. Both PGEz and lL-6 mediate, perhaps in mutually interdependent way, the hepatoprotective effect of lL-l a.
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