
Biochemical Pharmacology, Vol. 33, No. 13, pp. 2123-2127, 1984. 0006-2952/84 $3.00 + 0.130 
Printed in Great Britain. ~) 198,* Pergamon Press Ltd. 

INDUCTION OF ORNITHINE DECARBOXYLASE IN MOUSE 
TISSUES FOLLOWING THE INJECTION OF MITOGENIC 

SUBSTANCES 

E N H A N C E M E N T  BY A C T I N O M Y C I N  D 

YASUO ENDO 
Department of Pharmacology, School of Dentistry, Tohoku University, Sendai 980, Japan 

(Received 21 April 1983; accepted 9 December 1983) 

Abstract Experiments were carried out to study the mechanism of the induction of ornithine decar- 
boxylase (ODC) in mouse tissues by the injection of a lipopolysaccharide (LPS). In addition to LPS, 
various mitogenic substances, such as concanavalin A, pokeweed mitogen, polyI:polyC and a phorbol 
diester, induced ODC in the liver and the spleen of mice at 4.5 hr after injection. Non-mitogenic 
immuno-stimulants or inflammatory agents, such as zymosan, carrageenan, N-acetylmuramyl-L-alanyl- 
o-isoglutamine, glycogen, D-galactosamine and interferon, did not induce the enzyme. ODC induction 
by LPS in C3H/HeJ mice, the lymphocytes and/or macrophages of which are known to he less responsive 
to LPS, was much less than in C3H/He and ddI mice. ODC induction by LPS was suppressed by 
dexamethasone and cycloheximide. Actinomycin D did not suppress ODC induction by LPS but, rather, 
enhanced it. These results suggest that (1) lymphocytes and/or macrophages may participate in the 
induction of ODC by mitogenic substances as well as by LPS, (2) ODC may be induced by mitogenic 
substances without the synthesis of RNA, and (3) the translation of existing RNA may be accelerated 
by actinomycin D. 

Ornithine decarboxylase (ODC*) is induced in vari- 
ous tissues and cells in response to a variety of 
stimuli [1, 2]. The enzyme is a rate-limiting enzyme 
in the synthesis of polyamines, which have been 
implicated as regulators of cellular metabolism, pro- 
liferation and differentiation [1-3]. 

Various inflammatory stimuli also induce ODC in 
vivo, e.g. injury [4], parial hepatectomy [5], admin- 
istration of inducers of hepatitis [6] and carcinogens 
[7], and application of a tumor promoter [8, 9]. 

In experiments in vitro, it has been shown that 
lectins or mitogens [10-14], an antigen [15], and viral 
infection [16] also induce ODC in cultured cells. 
ODC is induced in lymphocytes by concanavalin A 
(Con A) [10] and phytohemagglutinin (PHA) [11- 
13] and in macrophages by lipopolysaccharides (LPS) 
[14]. Con A, PHA and LPS are used widely, instead 
of specific antigens, to stimulate lymphocytes. 

I reported previously that the injection of a lipo- 
polysaccharide into mice rapidly induces ODC in 
various tissues [17]. The ODC activity induced in the 
spleen by the LPS was very high. In addition to 
inflammatory actions, LPS is known to be a stimu- 
lator of macrophages and B-cells (B-cell mitogen). 
Con A and PHA are stimulators of T-cells (T-cell 
mitogen). 

* Abbreviations: ODC, ornithine decarboxylase; LPS, 
lipopolysaccharide; Con A, concanavalin A; PHA, phyto- 
hemagglutinin; PWM, pokeweed mitogen; pIpC, polyI: 
polyC; TPA, 12-O-tetradecanoylphorbol-13-acetate; 
MDP, N-acetylmuramyl-L-alanyl-D-isoglutamine; and Act 
D, actinomycin D. 

LPS induction of ODC in mouse tissues may be 
due to the mitogenic activity of LPS. This possibility 
was tested in this study by using other mitogenic 
substances and non-mitogenic immuno-stimulants or 
inflammatory agents. 

MATERIALS AND METHODS 

Materials. A lipopolysaccharide derived from 
Escherichia coli 055 :B5, prepared by the Boibin 
method, was obtained from Difco Laboratories 
(Detroit, MI, U.S.A.). Pokeweed mitogen (PWM) 
was from E-Y Laboratories (San Mateo, CA, 
U.S.A.) A synthetic double-stranded polyI:polyC 
(pIpC) and actinomycin D (Act D) were from P-L 
Biochemicals, Inc. (Milwaukee, WI, U.S.A.). Car- 
rageenan (Seakem No 202) was supplied by Marine 
Colloid Inc. (Springfield, NJ, U.S.A.). Zymosan 
(from Saccharomyces cerevisiae), concanavalin A 
(Con A), 12-O-tetradecanoylphorbol-13-acetate 
(TPA) and N-acetylmuramyl-L-alanyl-D-iso- 
glutamine (MDP) were purchased from the Sigma 
Chemical Co. (St. Louis, MO, U.S.A.). Mouse inter- 
feron (fl) was a gift from Professor K. Kumagai of 
this school (Department of Microbiology). Other 
reagents were purchased from Wako Pure Chemical 
Ind. (Osaka, Japan). 

Agents, except for TPA, were dissolved or 
suspended in saline and injected into mice intra- 
venously (i.v.) or intraperitoneally (i.p.) (0.05 to 
0.1 ml/10 g body wt). TPA was dissolved in ethanol, 
mixed with 6 vol. of saline, and injected (i.p., 0.1 ml/ 
mouse). 
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Table 1. ODC induction by various stimulants in the liver and spleen of mice* 

ODC activity 
Dose Liver Spleen 

Stimulants (mg /kg )  (nmoles/hr/g) (nmoles/hr/spleen) 

Saline <0.5 <0.5 
LPS 0.5 24 _+ 4 24 ± 4 
ConA 5 7± 3  17_+4 
PWM 5 23 ± 3 18 _+ 2 
pIpC 5 16 ± 3 4 _+ 1 
TPA+ 0.4 18 -+ 9 7 ± 1 
MDP 5 <0.5 <0.5 
Zymosan 5 <0.5 <0.5 
Carrageenan 5 <0.5 <0.5 
Glycogen 100 <0.5 <0.5 
D-Galactosamine 400 <0.5 <0.5 
Interferon (2.7 × 105 <0.5 <0.5 

(units/mouse) 

* All stimulants were injected into mice (ddl, 6-weeks-old) intravenously, 
mice were killed at 4.5 hr later. Each value is the mean ± S.D. of five mice. 

* Injected intraperitoneally. 

and the 

Animals. C3H/HeJ mice were donated by Dr. R. 
Yoshida (Department of Medical Chemistry, Kyoto 
University, Kyoto, Japan) and propagated in our 
laboratory under conventional conditions. Male ddI 
mice were obtained from the Mouse Center of our 
university. C3H/He, BALB/c and BALB/c-ng/nu 
mice were purchased from the Shizuoka Agricultural 
Cooperative Association for Laboratory Animals 
(Shizuoka. Japan). The latter two strains of mice 
were raised under specific pathogen-free conditions. 
Male mice (5- to 7-weeks-old) of these strains were 
used for experiments. 

Assay of OD C activity. ODC activities were deter- 
mined by measuring the formation of putrescine 
from L-ornithine as described previously [17, 18]. 

R E S U L T S  

ODC induction by various mitogenic substances. 
In many in vivo systems, induction of ODC has 
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Fig. 1. ODC induction in C3H/HeJ, C3H/He and ddI mice 
by LPS. Mice were killed 4.5 hr after the intraperitoneal 
injection of LPS. Each value is the mean ±S.D. of three 

mice. 

been shown to be rapid, with the activity reaching a 
maximum within 3-6 hr after various stimuli. The 
LPS-induced ODC activities in mouse tissues also 
peak at 3-6 hr after LPS injection [17]. Therefore, 
ODC activity was determined at 4.5 hr after the 
injection of various mitogenic or non-mitogenic sub- 
stances (Table 1). Con A, PWM, pIpC and TPA 
induced ODC in both the liver and the spleen, as did 
LPS. All of these substances are known to stimulate 
lymphocytes, i.e. mitogens [19-23]. 

On the other hand, the agents without mitogenic 
activity did not induce ODC. MDP is a minimum 
unit of structure with adjuvant activity of BCG vac- 
cine [24]. LPS also has adjuvant activity. Zymosan, 
carrageenan and glycogen are used as experimental 
inducers of inflammatory reactions or immuno- 
stimulants [25, 26]. P-Galactosamine, an inducer of 
experimental hepatitis, has been reported to induce 
ODC in rat liver at the dosage used in this exper- 
iment, but the induction of ODC by this agent occurs 
more than 10 hr after its injection [6]. Although LPS 
and pIpC are known to be inducers of interferon, 
interferon itself did not induce ODC. It is possible 
that higher doses of these agents may induce ODC 
at 4.5 hr or later after their injection; even so, it is 
clear that these agents had very little ability to induce 
ODC when compared with mitogenic substances. 

ODC induction in C3H/HeJ and nude mice. In in 
vitro experiments, lymphocytes and/or macrophages 
from C3H/HeJ mice have been shown to be much 
less responsive than other strains of mice to LPS, in 
various immunological tests [27-29]. To test ODC 
induction in C3I-I/HeJ mice, they were injected with 
various doses of LPS. The C3H/HeJ mice were 
shown to be much less responsive than C3H/He and 
ddI mice to LPS induction of ODC (Fig. 1). There 
was not such a marked difference in ODC induction 
by Con A in C3I-I/HeJ mice (data not shown). 

It is known that nude mice with degenerated 
thymus lack T-cells. If T-cells were critically import- 
ant in ODC induction by mitogens, mitogens would 
not induce ODC in nude mice. Injection of both Con 
A and LPS, however, induced ODC in the nude 
mice as well as the normal control mice (Table 2). 
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Table 2. Con A and LPS induction of ODC in nude mice* 

ODC activity 
Liver Spleen 

(nmoles/hr/g) (nmoles/hr/spleen) 

BALB/c-nu/nu 
Saline <0.5 <0.5 
Con A 27 ± 5 13 -+ 1 
LPS 20 -+ 1 15 ± 1 

BALB/c 
Saline <0.5 <0.5 
Con A 8 -+ 1 12 -+ 3 
LPS 32 ± 1 15 -+ 3 

* Mice were killed 4,5 hr after the intravenous injection 
of Con A (20 mg/kg) or LPS (0.5 mg/kg). Each value is the 
mean -+ S.D. of three mice. 

Effects of Act D, cycloheximide and dexameth- 
asone on ODC induction in ddl mice by LPS. Since, 
of all the mitogenic substances tested, LPS was the 
most potent  inducer  of ODC,  this agent was used 
to induce O D C  in the following experiments. In 
preliminary experiments,  Act D (1 mg/kg, i.p.) and 
LPS (200 ~kg ,  i.p.) injected simultaneously were 
very toxic; some mice died within 6 h r  after the 
injection. Therefore,  lower doses of LPS were used 
in the following experiments.  

Act D injected with LPS enhanced O D C  activity 
dose dependent ly  in both liver and spleen (Table 3). 
Act D alone, at the doses tested, did not induce 
O D C  in these tissues. The effect of Act D was 
marked at low LPS doses, i.e. the ODC activities 
induced in the liver and the spleen by 2 

/~g/kg of LPS (i.p.) were very low (Fig. 1), but  the 
combinat ion of LPS with Act D (0.5 mg/kg, i.p.) 
produced ten to twenty times higher ODC  activities 
(data not  shown). Following injection of LPS (40 #g/ 
kg, i.p.), O D C  activity in the spleen increased at 
2 hr, peaked at about  4 hr, and then decreased. This 
time course of O D C  induction was not  changed by 
Act D (0.8 mg/kg) (data not  shown). Mixing of the 
two enzyme solutions, that had been prepared from 
tissues of mice treated with LPS alone and in com- 
binat ion with Act D, resulted in simple additive 
O D C  activities (data not  shown). When  putrescine 
was added to the O D C  reaction mixture in the 
absence of ornithine,  there was no variation in the 
amount  of the putrescine (data not  shown). 

Cycloheximide inhibited O D C  induction by LPS 
almost completely even at a high dose of LPS (200 
/~g/kg, i.p.) (Table 3). 

Glucocorticoids are known to induce O D C  in the 
liver and the kidney of rats [2]. Dexamethasone 
(10 mg/kg, i .p.),  however,  did not  induce O D C  in 
the liver and the spleen of mice, at least at 4.5 hr 
after inject ion (data not  shown). On the contrary, 
this agent suppressed LPS induct ion of ODC  in these 
tissues, especially in the spleen (Table 3). 

DISCUSSION 

In addition to LPS, various mitogenic substances, 
i.e. Con A,  PWM, pIpC and TPA,  but not non-  
mitogenic immuno-st imulants  or inflammatory 
agents (carrageenan,  zymosan, D-galactosamine, 
glycogen, MDP and interferon),  induced O D C  in 
the liver and the spleen of mice. Con A is a typical 
T-cell mitogen, LPS and p lpC are B-cell mitogens, 
and PWM is a T-cel l -dependent  B-cell mitogen 

Table 3. Effects of actinomycin D, cycloheximide and dexamethasone on the LPS-induced increase in 
ODC activity* 

Drug treatment ODC activity (%) 
(mg/kg, i.p.) Liver Pt Spleen P 

Actinomycin D~: 
I 0 100 -+ 11 100 --_ 24 

(19 - 2.1) (12 ± 2.9) 
II 0.4 142-+ 16 vsI, <0.01 147 + 27 vsI, <0.05 
III 0.8 168 ± 26 vs II, <0.5 187 ± 40 vs II, <0.5 
IV 1.6 189 -+ 32 vs III, <0.5 307 + 80 vs III, <0.05 

Cycloheximide§ 
I 0 100 ± 18 100 ___ 19 

(25 +- 4.5) (21 - 4.0) 
II 200 <2 5 -+ 1 vsI, <0.001 

Dexamethasonell 
I 0 100_+9 1 0 0 + 1 3  

(20 --- 1.8) (15 --- 2.0) 
II 0.8 64 ± 14 vsl, <0.01 3 3 -  3 vsI, <0.001 
III 4 26 -+ 10 vs II, <0.001 23 ± 7 vs II, <0.05 
IV 20 17 _+ 2 vs III, <0.001 18 -x-_ 7 vs III, <0.05 

* Mice (ddI) were treated with LPS alone or with a combination of drugs and were killed 4.5 hr after 
the injection of LPS. Each value is the mean +- S.D. of five mice. The values in parentheses are absolute 
values of ODC activities in the liver (nmoles/hr/g) and spleen (nmoles/hr/spleen). 

t Statistical significance was determined using Student's t-test of the difference of unpaired means. 
~: Injected simultaneously with LPS (40 #g/kg, i.p.). 
§ Injected simultaneously with LPS (200 ~g/kg, i.p.). 
II Injected at 2 hr before LPS (40 ~tg/kg, i.p.). 
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[19-22]. TPA is also known to stimulate lymphocytes 
[23]. Induction of ODC in the skin by direct ap- 
plication of TPA, which was used as a promoter of 
skin tumor, has been studied by many investigators 
(see for example 8 and 9). This agent has also been 
shown to induce ODC in the brain, liver and lung of 
rats by i.p. injection [9]. 

In C3H/HeJ mice, the lymphocytes and/or macro- 
phages of which are known to be much less respon- 
sive to LPS [27-29], LPS induction of ODC was 
much less than in control mice (C3H/He and ddI). 
Of all the mitogetiic substances tested, LPS was the 
most potent inducer of ODC in ddI mice. LPS is 
known to be a potent stimulator of macrophages. 
Macrophages have been shown to be required for 
the activation of lymphocytes by various mitogens 
including Con A [30, 31], and a factor produced by 
macrophages has been proposed to trigger various 
immune responses [32, 33]. 

The results described above suggest that macro- 
phages and/or lymphocytes may participate in the 
induction of ODC by mitogenic substances as well 
as by LPS, although they do not rule out direct 
interaction of mitogens with the cells in which ODC 
was induced. Induction of ODC in nude mice, which 
lack T-cells, by LPS and Con A may have been due 
to the participation of macrophages. Recently, I 
found that a factor(s) derived from a macrophage 
cell line and from mitogen-stimulated spleen cells 
induced ODC more rapidly than did LPS and Con 
A (unpublished data), suggesting the participation 
of hormone-like substances or lymphokines in ODC 
induction by mitogens. The suppression of ODC 
induction by dexamethasone, a potent inhibitory 
agent of immune responses or inflammation, appears 
also to support the possibility described above. 

A characteristic property of ODC induction by 
LPS was observed in this study. Although cyclo- 
heximide inhibited induction of ODC by LPS as 
reported in other systems, Act D enhanced it. The 
time course of increase and decrease in ODC activity 
induced in the spleen by LPS was not changed by 
Act D. Taken together these results and those 
obtained by experiments using enzyme solutions that 
had been prepared from tissues of mice treated with 
LPS alone and in combination with Act D, it appears 
that the synthesis of ODC itself is enhanced by Act 
D, and that induction of ODC by LPS may not 
require synthesis of RNA. Since it has been reported 
that Act D stimulates the template activity of mRNA 
by changing its conformation [34, 35], accelerated 
translation of existing RNA may have been one of 
the mechanisms of the enhanced induction of ODC 
by Act D. Such an effect of Act D on the induction 
of ODC, termed "superinduction", has been 
reported in a few in vitro systems [36, 37]. In many 
in v ivo  systems, ODC induction is known to be 
inhibited by Act D [1, 2]. Therefore, the mechanism 
of LPS induction of ODC appears to be different 
than that of certain other inducers. Recently, Sasaki 
et al. [38] reported that ODC induction in the liver 
by a factor from tumor ascites fluid is also enhanced 
by Act D under limited conditions. I found that ODC 
induction by a factor(s) derived from a macrophage 
cell line was also enhanced by Act D (unpublished 
data). 
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