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ABSTRACT. Ribavirin (RIBV) is a useful drug in the treatment of chronic type C hepatitis but displays a
toxicity for red blood cells (RBC), which limits its dosage and necessitates withdrawal in some patients. Selective
concentration of RIBV in liver should improve therapeutic results. Liver targeting can be achieved by coupling
the drug to galactosyl-terminating peptides, which specifically enter hepatocytes. In the present work, we
conjugated RIBV to lactosaminated poly-L-lysine (L-Poly(Lys)), a hepatotropic carrier enabling intramuscular
(IM) administration of conjugates. The L-Poly(Lys)-RIBV conjugate had a heavy drug load (312-327 pg of
RIBV in 1 mg of conjugate) and was very soluble in 0.9% NaCl (200 mg/mL). The conjugate was devoid of acute
toxicity in mouse. When incubated with human or mouse blood, it did not release the drug. After IM
administration to mice, the conjugate was selectively taken up by the liver, where the drug was released in a
pharmacologically active form. This was demonstrated using mice infected with a strain of murine hepatitis virus
(MHV) sensitive to RIBV. Coupled RIBV, IM injected, inhibited MHV replication in liver at a daily dose two
to three times lower than that of the free drug. In mice IM injected with a conjugate tritiated in the RIBV
moiety, the ratios between the levels of radioactivity in liver and RBC were two times higher than in animals
injected with free tritiated RIBV. In conclusion, the present results support the possibility that the
chemotherapeutic index of RIBV in chronic type C hepatitis can be increased by conjugation with L-Poly(Lys).
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KEY WORDS. antiviral chemotherapy; drug targeting; lactosaminated poly-L-lysine; asialoglycoprotein

receptor; ribavirin; hepatitis C

1-B-p-Ribofuranosyl-1,2,4-triazole-3-carboxamide (ribavi-
rin) (RIBV'") [1] (Fig. 1) is at present the only synthetic
drug found to be useful in the treatment of chronic type C
hepatitis [2-4]. Administered in association with a-inter-
feron, it caused a sustained normalisation of liver transami-
nases and loss of serum hepatitis C virus RNA in a
significantly higher number of patients than in the group
treated with interferon alone [4]. However, RIBV accumu-
lates in red blood cells (RBC), causing hemolysis [2, 4].
This side effect hinders administration of oral doses higher
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than 800-1,200 mg/day and necessitates withdrawal of the
drug in some patients. Selective delivery of RIBV to the
liver should reduce the risk of anemia and permit higher
hepatocyte drug concentrations with improved therapeutic
results. Such liver targeting can be obtained by conjugation
with galactosyl-terminating peptides [5-8], which specifi-
cally penetrate parenchymal liver cells where they are
digested in lysosomes [9]. This chemotherapeutic strategy
has been supported by clinical studies. In patients with
chronic B virus hepatitis, adenine arabinoside monophos-
phate (ara-AMP) conjugated with lactosaminated human
albumin (L-HSA) inhibited virus replication when given at
a daily dose three to six times lower than the free drug [10,
11]. L-HSA-ara-AMP, administered for 28 days, exerted
antiviral activity to the same extent as the free drug
without producing any clinical side effects, including the
severe neurotoxicity caused by free ara-AMP [12].

We describe here the preparation and characterization of
an RIBV conjugate with lactosaminated poly-L-lysine
(L-Poly(Lys)), a carrier that enables conjugate administra-
tion by the intramuscular (IM) route [13-16]. We measured
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FIG. 1. Ribavirin (RIBV).
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the organ distribution ‘of this conjugate labeled in the

lactose moiety and IM injected to mice. Moreover, we
determined the levels of radioactivity in liver and RBC of
mice IM injected with free and L-Poly(Lys)-coupled triti-
ated RIBV. Finally, we studied the antiviral activity of the
free and coupled drug in liver of mice infected with a strain
of mouse hepatitis virus (MHV) sensitive to RIBV [17].

MATERIALS AND METHODS
Preparation of the Conjugate

Coupling of lactose was obtained by reductive amination
[18]. In a typical preparation, 200 mg of Poly(Lys) - HBr
(Sigma Chemical Co., St Louis, MO, USA) with a molec-
ular mass ranging from 11,000 to 32,000 Da was dissolved
in 20 mL of water together with 800 mg a-lactose and
500 mg of NaBH;CN. After incubation at 37° for 3 b, the
solution was diafiltered with 0.9% NaCl using a 3000-Da
cut-off membrane (Amicon, Inc., Beverly, MA, USA) and
concentrated to 100 mg/mL. Lactose content was measured
according to Dubois et al. [19] using galactose as a standard.
Poly(Lys) was measured by reading the absorbance at
235 nm. This wavelength was chosen to avoid bromide
interference. The lactose content ranged from 430 to 460
ng/mg L-Poly(Lys) in the different preparations. "*C-La-
beled 1-Poly(Lys) was obtained by using [D-glucose-1-
4Cllactose (Amersham International, Buckinghamshire,
U.K.). It contained 460 pg of lactose/mg and had a specific
activity of 1.3 X 10° dpm/mg.

Conjugation of RIBV (Alfa Wassermann, Bologna, Italy)
was obtained via the imidazolide of 5'-monophosphate of
RIBV (RIBVMP) [20]. RIBV was phosphorylated in its
primary OH group according to Yoshikawa et al. [21] and
purified using a column of activated charcoal. RIBVMP, as
pyridinium salt, was converted to imidazolide according to
Lohrmann and Orgel [22]. In a typical conjugate prepara-
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tion, 4 mL of L-Poly(Lys) (400 mg) was diluted with 4 mL
of 1 M sodium carbonate buffer, pH 9.5; 1.6 g of RIBVMP
imidazolide were added, and the pH was readjusted to 9.5
with NaOH. After incubation at 37° for 96 h, the solution
was diafiltered with 0.15 M NaCl using a 3,000-Da cut-off
membrane, and the pH was adjusted tc 7. The RIBV
content of the conjugate was measured by determining the
organic phosphate (linking the drug to L-Poly(Lys)) accord-
ing to Ames [23]. Lactose content was measured according
to Dubois et al. [19] using galactose as a standard. The
interference of the ribose moiety of RIBV in the colorimet-
ric assay was calculated and subtracted. Care was taken to
prepare the standards of both galactose and RIBV with
sugar contents similar to those of the sample to be tested.
The accuracy of this procedure was evaluated using *C-
labeled 1-Poly(Lys)-RIBV. The amount of lactose deter-
mined by radioactivity counting exhibited only a 1-3%
difference from that calculated with the colorimetric
method. The Poly(Lys) content of the conjugate was
calculated from the amount of lactose, the lactose/
Poly(Lys) weight ratio having been determined before drug
coupling. The conjugate was sterilized by passing through a
0.45-pm filter and concentrated to 200 mg/mL. Radioac-
tive conjugates with ['*Cllactose or [PHIRIBV (see below)
were prepared using the same percentages of reactants on a
small scale.

To prepare a conjugate labelled in the drug moiety, the
commercially available radioactive RIBV (random-tritiat-
ed) could not be used because tritium was completely lost
during the coupling procedure. Therefore, we introduced
tritium into the RIBV molecule with a stable bond follow-
ing the approach by Baker and Haskell [24]. These authors
first oxidized the primary OH group of the sugar moiety of
adenine arabinoside and then reduced the nearly formed
aldehyde with tritiated borohydride. The PHJRIBV prepa-
ration procedure will be described in detail elsewhere. The
chemical structure of ["HJRIBV was confirmed by the 1’C
NMR spectrum, which showed the resonances of the parent
compound. Tritiated RIBV was 98% pure, assessed by high
petformance liquid chromatography, and had a specific
activity of 49,000 dpm/p.g.

Biological Studies

Female Swiss and Balb/C mice were purchased from Harlan
Nossan (Milan, Italy) and were maintained in an animal
facility at the Department of Experimental Pathology of
Bologna. They received humane care in accordance with
the guidelines of the Italian Ministry of Health. Intramus-
cular injections were performed into the back muscles of
the hind legs. Compounds were injected in a volume of
10 pL using a 25-pL microsyringe.

The study of the antiviral activity of L-poly(Lys)-RIBV
was petformed using the Friend-Braunsteiner strain of
MHYV, which was found to be sensitive to RIBV by Sidwell
et al. {17]. The virus was obtained from the American Type
Culture Collection (ATCC, Rockville, MD, USA.) and



Lactosaminated Poly-1-lysine Conjugate of Ribavirin

was twice passed into suckling Swiss mice weighing 810 g.
After 48 h, mice were killed at the first signs of suffering;
livers were pooled and homogenized in 10 volumes of
minimum essential medium (MEM) (Sigma) supplemented
with 10% fetal calf serum (FCS) (Sigma). The suspension
was clarified by centrifugation (5 min, 2,000 X g) and was
subsequently sterilized through 0.45- and 0.22-pm syringe
filters. Homogenates were frozen in separate portions in
liquid nitrogen and stored at —80°. Each portion was
thawed and used only once. Before the experiments com-
menced, a sample was titrated on NCTC clone 1469 cells
as described below. NCTC clone 1469 cells were obtained
from ATCC and were grown in NCTC 135 medium
(Gibco BRL, Paisley, Scotland) supplemented with 10%
horse serum (Gibco BRL). '

Female 6-week-old Balb/C mice, weighing 16-18 g,
specifically pathogen-free were inoculated intraperitoneally
with approximately 100 CLDs, (léthal dose for 50% cul-
tures in our titration assay). The compounds, free RIBV,
coupled RIBV, and a control 1-Poly(Lys) conjugate of
adenosine (L-Poly{Lys)-A, prepared as described previously
[15]) or saline were IM administered according to the
schedule of Sidwell et al. [17] (twice daily beginning 2 h
before virus inoculation). Five animals were used in each
treatment group. Mice were killed when showing the first
signs of suffering (48 h after virus inoculation in experi-
ments | and 2; 72 h in experiment 3 of Table 3). Liver
homogenates were prepated as described above, but without
FCS. In experiment 1, the livers of each treatment group
were pooled, whereas in experiments 2 and 3 liver samples
were partly pooled and partly kept separate. Virus titration
was performed first on pooled livers of each group; when a
difference of ca. 1 log between virus titers of two groups was
found, the titration was repeated on the separate liver
samples to assess the significance of the difference accord-
ing to Student’s ¢ test. Titration was performed on mono-
layers of NCTC clone 1469 cells grown in 96-well Falcon
Microtest Il tissue culture plates (Becton Dickinson, Lin-
coln Park, N. J., USA). Liver homogenates, were diluted,
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with MEM 10-fold through 1078, and 50 L were added to
the cell monolayer. Six wells were prepared for each
dilution. After 2 h, the inoculum was removed and the
cultures were maintained for 3 days or more in NCTC 135
medium supplemented with 2% chicken serum (Sigma).
The viral cytopathic effect (complete destruction of the cell
monolayer) was determined after 72 h. In cultures surviving
this time, no cytopathic effect appeared in the following

days. 50% endpoints were determined by the method of
Reed and Muench [25].

RESULTS
Chemical Characteristics of Conjugate

The first attempts at conjugating RIBV were performed by
phosphorylating the drug in the 5’ position of the sugar and
allowing the resulting compound to react with L-Poly(Lys)
in the presence of 1-ethyl-3-(dimethyl aminopropyl)carbo-
diimide. Although the reaction conditions were those
successfully used for preparing some L-Poly(Lys)-ara-AMP
conjugates [8, 13, 26], the preparations of L-Poly(Lys)-
RIBV had a very low weight ratio of drug/carrier. Therefore,
coupling was performed via the imidazolide [20] of the
phosphate ester of RIBV (RIBVMP). Since this procedure
requires high pH values [14, 20] that can modify the RIBV
molecule, we first studied the percentages of RIBV and
RIBVMP recovered after incubation under different alka-
line conditions. When kept at pH 11 and 50° for 96 h (the
conditions used for coupling ara- AMP to L-Poly(Lys) via its
imidazolide [14-16]), both RIBV and RIBVMP were trans-
formed in large part into compounds that behaved as more
acidic molecules; in fact, when chromatographed on an
HPLC anion exchanger column, their retention times were
higher than those of the parent compounds. The new
molecules probably resulted from hydrolysis of the carbo-
amide group (Fig. 1) forming carboxylic derivatives. This
was confirmed by the ?C NMR spectrum of the modified
RIBV. Compared to that of RIBV, it showed a change in

TABLE 1. Carbon-13 NMR chemical shifts (in ppm) of RIBV, RIBV derivative, RIBVMP,

and conjugated RIBV

RIBV RIBV derivative* RIBVMP L-Poly(Lys)-RIBVT Assignment
157.2 160.4 157.0 157.2 C3
146.9 146.3 146.6 146.9 C5
163.5 166.8 163.6 163.3 Co6
92.3 92.0 92.8 92.7 Cl
75.3 75.2 75.6 75.4 (A
70.8 71.0 71.1 71.2 C3’
85.8 85.8 85.5 (Jpc = 8.4 Hz) 85.0 (Jpe: = 8.7 Hz) C4
61.9 62.2 64.1 (Jpc = 4.8 Hz) 64.8 (Jpc = 3.6 Hz) C5'

"C NMR spectra were recorded at 75 MHz with a Varian Gemini 300 instrument, flip angle 60°, transient number
1,000-50,000, temperature 20°. The samples were dissolved in D,O (20 mgfmL), and dioxane in D,0 (d = 67.4) was used as

external reference.

* RIBV was kept at pH 11, 50° for 148 h. It was completely transformed into the derivative that displayed an increased
retention time when chromatographed on an anion exchanger column (see “Results”).

+In L-Poly(Lys)-RIBV prepared using the coupling conditions employed for obtaining the similar conjugate with ara- AMP
[14], RIBV C6 showed a second peak with the value of 166.8 ppm (see text).
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the resonance of the carbon 6 of this group (from 163.5 to
166.8 ppm) (Table 1).

On the basis of the finding that neither RIBV nor
RIBVMP was changed when incubated at pH 9.5 and 37°
for 96 h, we performed the conjugation under these
conditions (see “Materials and Methods”).

In the ”C NMR spectrum of the L-Poly(Lys)-RIBV
conjugate, the resonances attributable to RIBV were de-
tected (Table 1). The peak corresponding to carbon 6 of
the derivative formed under strong alkaline conditions
(ppm 166.8) (see above) was not observed. These findings
indicate that most of the RIBV molecules were not changed
by the present conjugation procedure. In the *C NMR
spectrum of a conjugate obtained by incubating RIBVMP
imidazolide under the incubation conditions used for pre-
paring the ara-AMP conjugate [14], carbon 6 showed two
peaks with the values of 163.5 and 166.8 ppm, respectively.
The ratio of intensities of the two peaks was 2:1 (data not
shown in Table 1). This confirmed that a part of the RIBV
molecules was modified by the drastic conditions of the
synthesis of the ara-AMP conjugate.

The contents of Poly(Lys), lactose, and RIBV in 1-mg
samples of conjugate ranged between narrow limits among
the different preparations; they were 286-322, 238-260,
and 312-327 pg, respectively. Considering that 1 mg of
Poly(Lys) contains 7.8 wmol of lysine residues and that the
molecular weights of lactose and RIBV are 342 and 244.2,
respectively, it can be calculated that the e-NH, groups of
Poly(Lys) were substituted by the sugar and by the drug in
the percentage ranges of 27-30 and 5457, respectively.

The conjugate was soluble in saline (0.9% NaCl) at
200 mg/mL. The concentrated solution was stable when
maintained either frozen or at 0—4°; after 6 months the
weight ratio of RIBV/L-Poly(Lys) was not changed. The
conjugate was not kept in a lyophilized form because after
freeze-drying it can not be redissolved at 200 mg/mL.

Biological Properties of Conjugate

No clinical signs or behavioural alterations were observed
in any of the five female Swiss mice (28-30 g), which
received a single i.v. injection of the conjugate at the dose
of 2 mg/g. The body weight gain, measured 3, 7, and 14 days
after conjugate injection, was similar in treated mice and
controls i.v. injected with saline.

The stability of the bond between RIBV and 1-Poly(Lys)
in blood was studied using L-Poly(Lys)-[’H]RIBV, following
the procedure described by Di Stefano et al. [14]. i-
Poly(Lys)-[*HJRIBV incubated in mouse or human blood at
37° for up to 6 h did not release the drug.

Fig. 2 shows that after IM administration to mice,
1C-labeled L-Poly(Lys)-RIBV was selectively taken up by
the liver. The values of radioactivity in kidney were low,
indicating that this conjugate was lost through the kidney
only in small quantities.

The antiviral activity of the conjugate was studied in
Balb/C mice with hepatitis caused by MHV (Friend-
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FIG. 2. Distribution of radioactivity in liver (), kidney (A),
spleen (@), and intestine (O) of female Swiss mice (28—30 g)
injected IM with '“C-labeled 1-Poly(Lys)-RIBV (6.5 pg/g;
specific activity, 750 dpm/pLg). The experimental procedure was
described previously [15]. Since the conjugate was not precipi-
tated by either trichloroacetic or perchloric acid, only total (acid
soluble + insoluble) radioactivity was measured. Each entry
represents the mean value of results from two animals. SE
ranged from 1% to 7% of mean values.

Braunsteiner strain). This virus, which replicates in mouse
hepatocytes and causes liver necrosis, has been found to be
sensitive to RIBV [17]. Table 2 shows the effect of IM
administration of free and conjugated RIBV on virus
replication in liver and on serum alanine aminotransferase
(ALT) levels. Free RIBV at the daily dose of 20 pg/g had no
effect on virus titer; at the daily dose of 30 wgfg it inhibited
virus replication in experiment 2 but had no significant
effect in experiment 3. Conversely, at 30 pg/g the free drug
significantly decreased serum ALT levels in experiment 3
but was ineffective on this parameter in experiment 2.
Coupled RIBV inhibited virus replication in liver and
significantly decreased serum ALT levels at the daily dose
of only 13.2 pgle. The conjugate with adenosine
(L-Poly(Lys)-A) had no significant effects either on virus
titer or on serum ALT levels. This control conjugate was
used to verify that the antiviral activity of L-Poly(Lys)-
RIBV was caused by the RIBV moiety. In conclusion, the
experiments using MHV-infected mice indicated that in
liver the conjugate released the drug in a pharmacologically
active form and that the coupled drug exerted the antiviral
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TABLE 2. Effect of free and coupled RIBV on virus replication in liver and on ALT levels in serum of Balb/C mice infected with MHV

Daily dose of RIBV

Liver virus titer Serum ALT levels

Experiment Compound (nglg)* (log,o)7 (UM%

1 Saline 0 5.5
Free RIBV 20 5.8
Coupled RIBV 20 (66.6)§ 4.6

2 Saline 0 48 =04 683.1 = 243.7!
Free RIBV 30 38 0.1 (p=0.042) 191.8 = 112.0(NS)
Coupled RIBV 13.2 (44) 3.6 £ 0.2 (p =0.028) 64.9 + 19.8 (p = 0.035)

3 Saline 0 6.6 =03 6067.3 * 1434.2
Free RIBV 30 6.8 1203.3 * 399.8 (p = 0.008)
Coupled RIBV 13.2 (44) 5.1 = 0.2 (p = 0.003) 722.8 = 325.3 (p = 0.005)
L-Poly(Lys)-A9 0 6.2 2840.2 + 860.8 (NS)

* Compounds were IM injected twice daily beginning 2 h before virus inoculation. Mice were killed at first signs of suffering (48 h in experiments 1 and 2: 72 h in experiment 3).
T Reciprocal of liver homogenate dilution killing 50% cultures of NCTC 1469 cells (see “Materials and Methods”).
1 Serum ALT activity was determined colorimetrically using the kit commercially available from Boehringer (Mannheim, Germany). The normal values of serum ALT activity

in noninfected Balb/C mice were 51.6 = 5.2.

§ In parentheses the amount (pg/g) of conjugate containing the administered dose of RIBV.

I'Standard error.
q This conjugate was administered at the daily dose of 43 pg/g.

activity at a daily dose two to three times lower than that
of the free RIBV.

Since the main toxic effect of RIBV is hemolysis caused
by drug accumulation in RBC [27, 28], we studied the
penetration of free and coupled PHJRIBV into human and
mouse erythrocytes incubated in vitro. Moreover, we mea-
sured the levels of radioactivity in liver and RBC of mice
IM administered with free and conjugated radioactive drug.
The results of in vitro experiments are shown in Fig. 3. Free
PHIRIBV entered in erythrocytes in large amounts, in
agreement with the observation that nucleosides and their
analogs, including RIBV [27, 28], are rapidly transported
inside RBC. On the contrary the conjugate did not pene-
trate in RBC. This can be easily explained since erythro-
cytes do not display endocytotic activity. Table 3 shows the
levels of radioactivity and the percentages of injected dpm
in liver and RBC of mice after IM administration of free or
coupled PHIRIBV injected at the dose of 2 or 7 pg/g. The
second dose was approximately that which inhibited MHV
replication in liver in mice injected with the conjugate,
when given twice a day (see above). At the same dose of
free and coupled radioactive drug and at the same interval
after injection, the ratios between dpm in liver and those in
red blood cells were two times higher in mice administered
with the conjugate.

DISCUSSION

We conjugated RIBV to r-Poly(Lys) to obtain a liver
targeting of this drug and thereby reduce its toxic effects on
erythrocytes in the treatment of chronic hepatitis C. The
procedure of synthesis adopted allowed the preparation of a
very soluble conjugate with a heavy RIBV load. These
properties are required for administering the conjugate in a
small volume. The substitution of a high number of
e-amino groups is also necessary to eliminate the toxicity
and immunogeniticy of Poly(Lys) [14-16].

100

90

% dpm in erythrocytes of 1 mL blood/dpm added to 1 mL blood

Time (hr)

FIG. 3. Radioactivity in human (M, (1) and mouse (®, O) RBC
when the blood was incubated in the presence of free [PHJRIBV
(l, ®) or L-Poly(Lys)-[>HJRIBV (O, O). Blood was incubated
at 37° as described previously [31]. Free and coupled [PHIRIBV
were added at the concentration of 10 pg/mL (10 pg of coupled
[PHIRIBV] corresponds to 31.7 pg of conjugate). At different
times, samples of blood were centrifuged at 1,500 g for 5 min,
and the concentration of radioactivity (dpm/mL) in RBC was
measured as described [27]. Each entry represents the mean
value of results from two experiments. Standard errors ranged
from 0% to 4.8% of mean value.
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TABLE 3. Levels of radiocactivity in liver and RBC of mice IM injected with free or coupled [PH]RIBV

Dose Time dpm x 1073 dpm in liver
Compound (pgle) (h) Liver RBC dpm in RBC
Free PHJRIBV 2 0.5 439 + 49 (14.9)t 21.0 (0.71)F 209
Coupled [PHJRIBV 2 0.5 252 + 83 (8.6) 6.9 (0.23) 36.5
Free PHJRIBV 2 1 439 + 22 (14.9) 20.6 (0.70) 21.3
Coupled PHIRIBV 2 1 546 + 60 (18.6) 8.6 (0.29) 63.5
Free [PHJRIBV 2. 2 305 £ 7(10.3) 14.4 (0.49) 21.2
Coupled PHJRIBV 2 2 527 £ 85(17.9) 10.6 (0.36) 49.7
Free [PHJRIBV 2 4 210 £ 19 (7.6) 18.6 (0.67) 11.3
Coupled PHIRIBV 2 4 502 + 16 (17.1) 15.6 (0.53) 32.2
Free [’H]RIBV 7 1 1,832 = 163 (17.1) 56.2 (0.54) 32.6
Coupled [PHJRIBV 7 1 1,104 = 3 (10.7) 18.3 (0.18) 60.3
Free [PHIRIBV 7 2 1,070 = 33 (10.4) 48.9 (0:47) 21.9
Coupled PH]RIBV 7 2 1,118 = 68 (10.9) 23.5(0.23) 47.6
Free ’HJRIBV 7 4 625 = 7(6.1) 30.5(0.29) 20.5
Coupled [PHJRIBYV 7 4 1,336 = 38 (13.0) 34.4 (0.33) 38.8

Female Swiss mice of 28 -30 g were used. Radioactivity in liver and red blood cells was measured as described by Fiume et al. [15] and by Catlin et al. [27], respectively. Each entry
represents the mean value of results from two animals. Livers were processed separately and blood was pooled. Liver accumulation index (dpm in liver/dpm in RBC; % of
administered radioactivity in liver/% of administered dpm in RBC) was statistically evaluated by a multivariate analysis of variance (MANOVA) using the RIBV form (free or
coupled) as factor, doses and times as covariates. The effect of the drug form resulted to be remarkably significant in determining the radioactivity ratio yielding p < 0.0005, with

observed statistical power >99% at 0.05 level.
* dpm are referred to 1 g of liver or to 1 mL of RBC.
1 Percentages of injected radioactivity are indicated in parentheses.

L-Poly(Lys)-RIBV, IM administered to mice, was selec-
tively taken up by the liver. In this organ the conjugate
released the drug in a pharmacologically active form. This
was demonstrated by the antiviral activity exerted by the
conjugate in liver of mice with MHV hepatitis.

The conjugate incubated in human or mouse blood did
not release the drug and did not enter into RBC. However,
radioactivity was found in RBC of mice injected with the
conjugate labeled in the drug moiety. This radioactivity was
probably due to [PHJRIBV and. its metabolites [29], which
partly went out from liver into the bloodstream after release
of the drug from the carrier inside hepatocytes. A similar
release of the drug from liver into bloodstream was observed
in animals injected with trifluorothymidine-asialofetuin [5]
or L-HSA-ara-AMP [30] conjugates.

In conclusion, coupled RIBV inhibited MHV replication
in liver at a dose two to three times lower than the free
drug, and the ratios between the levels of radioactivity in
liver and RBC were twofold higher in animals injected with
the conjugated drug. These findings support the possibility
that the chemotherapeutic index of RIBV in treatment of
chronic hepatitis C can be increased by conjugation with
L-Poly(Lys).

At present the only tolerability study performed using
L-Poly(Lys)-RIBV has been that of acute toxicity in mouse,
which gave negative results. However, experiments with
the similar complex 1-Poly(Lys)-ara-AMP endorse the pos-
sibility of a clinical use of the RIBV conjugate. L-Poly{(Lys)-
ara-AMP was devoid of acute and subchronic (4 weeks)
toxicity in mouse and rat [14-16] and when administered
to mice by repeated IM injections did not produce antibod-
ies [14].

For clinical use, the conjugate would have the disadvan-

tages of the cost of synthesis and of administration by a
parenteral route, compared to free RIBV. On the other
hand, in patients where RIBV must be withdrawn because
of anemia, the conjugate might be the appropriate form for
administering this drug. Moreover, the conjugate might
allow higher RIBV concentrations to be reached in liver
and consequently, if administered in association with a-
interferon, might increase the number of patients with
sustained response.

This work was supported by grants from AIRC, the Istituto Superiore
di Sanita (Progetto Epatite Virale), MURST, and the University of
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