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   Forphenicinol stimulated the production of BCG-induced 1'-interferon in BCG-sensitized 
mice as much as 11-fold whereas it did not induce interferon production in unsensitized mice. 
This stimulatory effect was also observed in mice immuno-suppressed by cyclophosphamide. 
Furthermore, BCG-induced Y-interferon production was reduced in mice by treatment with 
an anti-macrophage agent (silica gel), and forphenicinol administration into such mice could 
augment their interferon production. Transplantation of macrophages from forphenicinol-
treated mice into mice injected with silica gel remarkably enhanced the BCG-induced interferon 

production in the recipients. These results suggest that the stimulatory effect of forphenicinol 
on BCG-induced 7-interferon production in mice was due to the activation of macrophages.

   As reported previously1,3), forphenicinol, S-2-(3-hydroxy-4-hydroxymethylphenyl)glycine, aug-

ments delayed-type hypersensitivity to sheep red blood cells and to oxazolone, and exhibits antitumor 

activity against murine transplantable tumors through activation of host defense mechanisms. Recent-

ly, studies have accumulated to show that most immuno-modifiers stimulate the production of cytokines, 

including IL-1, IL-2 and interferons, which modulate the immune system}). In this paper, we report 

on the effect of forphenicinol on interferon production in mice.

Materials and Methods

   Mice 

   Specific pathogen-free female ICR mice were purchased from Charles River Japan, Inc. (Kana-

gawa) and were maintained in a barrier system. They were 6 weeks old at the start of each experiment. 

   Cell and Virus 

   Mouse LY cells were used for interferon assay and were maintained in Eagle's minimum essential 
medium supplemented with 5 % calf serum. They were passaged every 3 days. The New Jersey 
strain of vesicular stomatitis virus (VSV) was prepared by infecting BHK 21 cells at a low multiplicity. 
The culture fluid was harvested after overnight incubation and stored at -80°C. 

   Forphenicinol and Other Reagents 

   Forphenicinol was chemically synthesized by Banyu Pharmaceutical Co., Ltd. according to the 
methods described by MORISHIMA et al.5). Lyophilized vaccine of viable Mycobacterium bovis strain 
BCG was purchased from Japan BCG Manufacturing Co. (Tokyo). Silica gel (Art. 7731) was obtained 
from E. Merck (Darmstadt) and finely ground (<5 p m). Cyclophosphamide (Endoxan) and [5,6-3H]-
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uridine were purchased from Shionogi & Co., Ltd. (Osaka) and Amersham (England), respectively. 

   Preparation of Macrophages 

   Macrophages were prepared from spleens of ICR mice. A single splenic cell suspension was made, 
and the cells were allowed to adhere onto plastic dishes for I hour. Adherent cells were harvested using 

a rubber policeman and used as splenic macrophages. 

   Induction of Interferon by BCG in Mice 

   The BCG vaccine was suspended in saline at 5 mg/ml and 0.2 ml aliquots of the suspension (con-

taining about 10° viable cells) were intravenously injected into mice. Two weeks later, the mice re-
ceived an intravenous injection of BCG at a dose of 107 or 106 cells/mouse and were aseptically bled by 

cardiac puncture 2 or 3 hours thereafter6,7). The sera obtained from groups of 3 or 6 mice were 
stored at -80°C until assayed. 

   Interferon Assay 

   Interferon activity in mouse sera was assayed according to slight modifications of the methods 
based on the inhibition of viral RNA synthesis8) or the inhibition of cytopathic effect°), using LY cells 

and VSV. For the former, LY cells plated into wells of 96-well microtest plates at 105 cells/well were 
incubated with medium containing serial dilutions of interferon samples. After overnight incubation 

at 37°C, the cells were infected with VSV (input multiplicity of 10 PFU/cell) in the presence of 2.5 pg/ml 
of actinomycin D, and 1 hour later, 50 miiCi of [3H]uridine was added to each well. The cells were 
incubated for another 4 hours. Radioactivity incorporated into the cells was measured by usual 

methods. Inhibition of cytopathic effect was measured as follows: LY cells treated with interferon 

samples as described above were infected with VSV at a multiplicity of 1 PFU/cell. After 24-hour in-
cubation at 37°C, the cells were stained with 0.02% crystal violet. After extraction of the fixed dye 

with alcohol, the absorbance of the extract from each well was measured at 590 nm with a spectrophoto-
meter (ImmunoReader NJ-2000, Nippon InterMed K.K.). A reference standard of mouse interferon 

(type I) was included in every assay and all titers were expressed as international units per ml in terms of 
a National Institute of Health standard preparation.

Results

Interferon-inducing Activity of Forphenicinol

   ICR mice were injected with forphenicinol at doses from 0.5 to 50 mg/kg intraperitoneally or ad-

ministered the drug orally at a dose of 0.5, 1.0 or 10 mg/kg. They were then bled by cardiac puncture 

2, 4, 8, 16, or 24 hours later. Interferon activity found in all the samples was less than 10 IU/ml. 

                    Effect of the Drug on the Production of 7-Interferon 

                      Induced by BCG in BCG-sensitized Mice 

   ICR mice (n=3) were immunized by intravenous injection of 107 or 10° BCG cells on day 0 and 

were given 0.01, 0.1, or 1.0 mg/kg of forphenicinol intraperitoneally once daily for 4 days from day 

10 to 13. On day 14, they were injected with 107 or 106 BCG cells and then bled 2 hours thereafter. 

Interferon activity was determined in terms of the pooled sera taken from mice of each group. As shown 

in Table 1, 6,630 IU/ml of interferon was detected in the sera of mice immunized and elicited with 107 

BCG cells. The administration of 0.1 mg/kg of forphenicinol almost doubled the interferon activity. 

   When elicited with 10° BCG cells, interferon production was only 50 IU/ml. In this case, for-

phenicinol in doses of 0.01 and 0.1 mg/kg stimulated the production 1 1- and 7-fold, respectively. How-

ever, when mice were sensitized with 10° BCG cells, they did not produce interferon. 

   The interferon contained in the sera of mice treated with a large dose of BCG and forphenicinol 

was inactivated 91 % by dialysis overnight against pH 2 buffer, but remained 95 % active after being 

heated at 56°C for 30 minutes. These properties were the same as those of the interferon in sera of
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mice treated with BCG (107) alone, and they were 

thus shown to be 7-interferon6,10) 

Effect of the Drug on BCG-induced Interferon 

     Production in Cyclophosphamide-

Table 1. Effect of forphenicinol (FPL) on the production of BCG-induced interferon in mice.

Sensitizing BCG, iv 

     10,7 
n 

n 

n 

     1076

Eliciting BCG, iv 

    10,7 

     10'' 

n 

   10,7 

 FPL 
mg/kg, ip 

0 
   0.01 
   0.1 

    1.0 
0 

   0.01 
   0.1 

    1.0 
0 

   0.01 
   0.1 

    1.0

Interferon in serum 
   (IU/ml) 

     6,630 
     3,080 

    11,750 
     7,020 

      50 
     542 

      373 
     <30 
     <30 
     <30 
     <30 
     <30

Mice: ICR female, 6 weeks old, n=3. 

Interferon assay: Inhibition of RNA synthesis of VSV in LY cells.

treated Mice

   ICR mice (n=3) were immunized by the 

intravenous injection of 107 BCG cells on day 0, 

and 14 days thereafter, interferon was elicited by 

108 BCG cells. Sera obtained from each group 

of mice were pooled before assay. As shown in 

Table 2, though the interferon activity in normal 

mouse sera was estimated to be 50 IU/ml, that 

in the sera obtained from mice given intraperi-

toneal injections of 100 mg/kg of cyclophospha-

mide twice (days 1 and 4) was less than 30 IU/ml. 

Whereas mice administered 100 mg/kg of cyclo-

phosphamide and 0.1 mg/kg of forphenicinol 

produced 139 IU/ml of interferon.

Table 2. Effect of FPL on the production of BCG-

  induced interferon in immuno-suppressed mice.

Cyclophosphamide 
   mg/kg, ip 

       0-
     100 

n

 FPL 
mg/kg, ip 

0 
0 

  0.01 
  0.1 
   1.0

Interferon 
in serum 
(IU/ml) 

   50 
  <30 

   64 
  139 

  <30

  Mice: ICR female, 6 weeks old, n=3. 

 Interferon assay: Inhibition of RNA synthesis 

of VSV in LY cells.

Effect on BCG-induced Interferon Production in Silica-treated Mice

   ICR mice (n=6) sensitized with 101 BCG cells on day 0 were injected intravenously with 1 mg/kg 

of silica gel on days 1, 2 and/or days 12, 13. They were treated by oral administration of forphenicinol for 

4 days (day 10 to 13) at a dose of 0.5 mg/kg, and interferon was elicited by the injection of 108 BCG cells 

on day 14. Three hours later they were bled and their serum interferon activity was measured indi-
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vidually. As Table 3 shows, injection of the anti-macrophage agent reduced the BCG-induced interferon 

production, which was the least when the mice were injected with the silica gel on days 12 and 13. 

Forphenicinol significantly (P<0.05 by U-test) stimulated interferon production in the mice injected

Table 3. Effect of FPL on BCG-induced interferon production in mice injected with silica gel.

BCG, iv day 0, 14 

+ 

+ 

+ 

+ 

+ 

+

  Treatment 

Silica gel 1 mg, iv 

Day 1, 2 

Day 12, 13 

n 

Day 1, 2, 12, 13 
n

  FPL 
0.5 mg/kg, po 

        -H 

       -I-

Interferon in serum

IU/ml 

0 
302 
265 
942 
30 

130* 
57 

300**

T/C (%) 

 100 
 355 
 100 

 433 
 100 

 526

*P<0 .01, **P<0.05 by U-test. 

Mice: ICR female, 6 weeks old, n=6. 

Interferon assay: Inhibition of cytopathic effect of VSV in LY cells.

Table 4. Effect of macrophages treated with FPL on BCG-induced interferon production.

BCG, iv 

+ 

+ 

+

Silica gel 
I mg, iv 

+

Macrophage transfer, iv 

  + (Control) 

  + (FPL-treated)

Interferon in serum

IU/ml 

0 
 302 

8 
 53 
 115

T/C (%) 

  100 
  663 
 1,438

Mice: ICR female, 6 weeks old, n=6. 

Interferon assay: Inhibition of cytopathic effect of VSV in LY cells.
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with silica gel, from 3.6- to as much as 5.3-fold over the control level.

Effect of Transfer of Macrophages from Forphenicinol-treated 

   Mice on BCG-induced Interferon Production in Mice 

             Injected with Silica Gel

   ICR mice (n=6) were injected with 107 BCG cells and 1 mg/kg of silica gel on day 0 and day 13, 

respectively. On day 14, they were injected intravenously with 108 BCG cells and 4.8 x 108 splenic 

macrophages at the same time; these macrophages had been taken from another ICR mice (n=12) 

sensitized with 107 BCG cells on day 0 and given 0.5 mg/kg of forphenicinol orally for 4 days from day 

10 to 13. To determine the individual interferon activity, the mice receiving the macrophages were 

bled 3 hours thereafter. As shown in Table 4, the interferon titer in sera from mice which did not re-

ceive foreign macrophages was only 8 IU/ml, while sera from mice transferred with macrophages from 

untreated mice contained 53 IU/ml of interferon. Forphenicinol treatment of the donor cells stimulat-

ed the interferon production in the recipients up to a level of 115 IU/ml.

Discussion

   The influence of forphenicinol on interferon production was investigated. Forphenicinol alone 

could not induce interferon in normal mice at doses which were effective in enhancing immune responses 

or in treating murine tumors1•`3). Much work indicates that macrophages have an important role in 

interferon production10•`13> As reported previously1), forphenicinol is thought to enhance immune 

responses through macrophage activation. It is known that mice sensitized and elicited with 10' 

BCG cells at a 2-week interval produce a high level of 7-interferon6). Using this schedule, we have 

shown that the administration of forphenicinol at doses of 0.1 to 1.0 mg/kg markedly increases in-

terferon production. Although the triggering by 108 BCG cells induced only a small amount (50 IU/ml) 

of interferon, forphenicinol treatment under these conditions stimulated the production more than 10-

fold. In mice sensitized with 108 BCG cells, interferon was not induced by elicitation with 101 BCG 

cells, and interferon production was not enhanced by forphenicinol administration for 4 days before 

the eliciting dose was given. Therefore, the enhancing effect of forphenicinol can only be seen in mice 

primed with 107BCG cells. 

   The effect of forphenicinol was moderate in mice challenged with 10' BCG cells because elicitation 

with 10' BCG cells gives the optimal response6). Forphenicinol partly substituted for the immunologi-

cal functions of BCG cells injected to elicit interferon production in the case when the elicitation was 

carried out with 108 cells. Forphenicinol obviously restored the interferon production in mice whose 

immunity was suppressed by cyclophosphamide injection. 

   In reviewing these results, it is obvious that forphenicinol can stimulate BCG-induced 7-interferon 

production in mice by augmenting immune responses systemically. Therefore, we examined whether 

or not the stimulatory effect of forphenicinol was due to its macrophage activating capacity. The ex-

perimental results revealed that macrophages do indeed play an important role in BCG-induced 7-

interferon production in mice and suggest that the effect of forphenicinol on 7-interferon production 

is mediated through macrophage activation.
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