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Abstract-The effect of histamine (HA) administered via intracerebroventricular injection on ornithine 
decarboxylase (ODC) activity was studied in neonatal rat brain. The HA effect was dose and time 
dependent. Maximal increase in ODC activity was achieved 2 hr after administration of 10 pg HA (38% 
over control levels). Impromidine (HA HZ-agonist) mimicked the effect of HA on ODC and ranitidine 
(HA HZ-antagonist) inhibited the response to HA. Neither 2-thiazolylethylamine (HA H,-agonist) nor 
mepyramine (HA H,-antagonist) modified control ODC activity. The HA-releasers, compound 48/80 
and polymixin B sulfate, elicited an increase in brain ODC activity of 35% and 32%, respectively, over 
the control value. 

Ornithine decarboxylase (ODC, EC 4.1.1.17)s cata- 
lyzes the conversion of ornithine into putrescine, the 
initial and rate-limiting reaction in the polyamine 
biosynthetic pathway (for review see Refs 1 and 
2). Much evidence in the literature suggests that 
ODC activity is increased in normal, regenerative 
and neoplasic growth (for review see Refs 2 and 
3). During brain ontogenetic development, ODC 
activity varies depending on the neuronal maturation 
state of the cerebral area studied [4-6]. Therefore, 
ODC activity is frequently used as a marker enzyme 
of neurogenesis (for review see Ref. 3). 

Histamine (HA), acting via HA HZ-receptors, has 
been shown to be involved in cellular division and 
tissue developmental processes [7-111. 

A rise in ODC and hi&dine decarboxylase (the 
HA synthesizing enzyme) activity have been 
described in tumor promotion and rapid cell pro- 
liferation [7, 12, 131. Furthermore, Morris et al. have 
reported that HA administration induced ODC 
activity in neonatal rat brain [14]. 

The aim of this work is to study the effect of HA 
on neonatal rat brain ODC activity and to elucidate 
the HA receptor mediating this effect. The effect of 
mast cell HA on the activity of the enzyme has also 
been investigated. In the present study we have used 
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6 day-old rats because brain HA levels are highest 
around this age [15]. 

MATERIALS AND METHODS 

Chemicals. L-[1-14C]-ornithine hydrochloride 
(52.4 mCi/mmol) was purchased from New England 
Nuclear Corp. (Boston, MA). r_-Omithine hydro- 
chloride, histamine, mepyramine, pyridoxal5’-phos- 
phate and compound 48180 were obtained from 
Sigma Chemical Co. (St Louis, MO). Dithiothreitol 
was from Serva Feinbiochemica (Heidelberg, 
F.R.G.) Impromidine and 2-thiazolylethylamine (2- 
TEA) were kindly supplied by Smith Kline & French 
Ltd. (Welwyn Garden City, U.K.) Ranitidine was a 
generous gift from Lesvi Laboratories (Spain). All 
other reagents were of analytical grade. 

Animals. Six day-old Sprague-Dawley rat pups of 
both sexes were used. At birth the pups were mixed 
and randomly distributed in groups of ten per lac- 
tating mother, keeping them in maternal care until 
used. Animals were kept under a normal sequence 
of 12 hr light and 12 hr dark periods. Food and water 
were available ad libitum. 

ODC activity assay. After being treated, the rat 
pups were killed by decapitation and the brains were 
rapidly removed and homogenized in 10 vol. of ice- 
cold 25 mM Tris-HCl (pH 7.4 at 209, containing 
1 mM dithiothreitol and 0.1 mM EDTA. 50 PM pyri- 
doxal 5’-phosphate was added to the homogenate 
before centrifugation at 30,OOOg for 30 min at 4”. 
ODC activity of the supernatant was determined 
by measuring the release of 14C02 from L-[~-~~C]- 
ornithine, basically as described by Russell and Sny- 
der [16]. The reaction mixture contained 25 PM L- 
ornithine, 0.25 @Zi of L-[l-14C]-ornithine and 500 ~1 
of the 30,000 g supernatant fraction, in a total volume 
of 550 ~1. The incubation was carried out in a shaking 
bath for 60 min at 37” in glass tubes equipped with 
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an internal reservoir containing 200 ~1 of hyamine 
hydroxide. The reaction was stopped by injecting 
500 ~1 of 0.5 M H2S04 through the rubber cap. After 
30min of additional shaking, to ensure complete 
absorption of 14C02, the content of each reservoir 
was transferred into vials containing 3 ml of Unisolve 
(Koch-Light Ltd. Haverhill, U.K.) for measurement 
of radioactivity in a Beckman LS800 scintillation 
spectrometer. 

Protein content of the supernatant was measured 
by the method of Lowry et al. [17], using bovine 
serum albumin as a standard. 

Enzymatic activity was expressed as nmoles COz/ 
hr/g tissue. 

Statistics. The data are presented as 
means * SEM. The mean values were compared by 
analysis of variance (ANOVA). Differences between 
means were determined using the Student’s t-test 
when each value had its own control value or the 
method of Scheffe when multiple comparisons 
between a group of means were made. 

RESULTS 

Histamine-dose effects on neonatal brain ODC 
activity 

The dose-response curve obtained from six-day- 
old rats treated via intracerebroventricular (i.c.v.) 
injection with different HA doses (1, 2.5, 5, 10, 25, 
50 pg) and killed after 2 hr, shows that a significant 
increase in brain ODC activity became apparent 
at 5 pg HA (Fig. 1). Maximal stimulation of enzyme 
activity was elicited with 10 pg HA and represents 
an increase of 38% over control ODC activity in 
neonatal rat brain. Higher doses of HA (25 or 50 pg) 
did not further increase ODC activity. 

Time course of ODC activity in response to histamine 

The time course of HA action on neonatal rat 
brain ODC activity is shown in Fig. 2. Administration 
of 1Opg HA did not elicit a significant increase in 
ODC activity before the first hour of treatment. 
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Fig. 1. Dose-response curve for the effect of histamine on 
brain ODC activitv in neonatal rats. Various doses of HA, 
contained in 10 ,uiof saline (final pH 7.4) were injected 
i.c.v. into 6-dayiold rats. Rats were killed.2 hr after-being 
treated. Values are means 2 SEM (N = 5). Each deter- 
mination was done in triplicate. Results are expressed in 
nmoles COJhr/g tissue. The control value of ODC activity 
was 2.17 ? 0.104 nmoles CO*/hr/g tissue. Statistically 
significant differences (P < 0.001) became apparent at 5 ng 

of HA (Scheffe’s test). 

Maximal activity was observed at 2 hr (35% over 
control levels) and declined gradually, reaching the 
control level at 6 hr. 

Two way ANOVA of data indicated that the 
increase in the neonatal rat brain ODC activity was 
both dependent on time and on HA (P < O.OOl), and 
significant interaction of time x HA (P < 0.001) was 
observed. 

Effects of histaminergic drugs on neonatal rat brain 
ODC activity 

In an attempt to identify the HA receptor medi- 
ating the increase of brain ODC activity in response 
to HA, several histaminergic drugs were tested. The 
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Fig. 2. Time course of the effect of histamine on cerebral ODC activity in neonatal rat. Six-day-old rats 
were treated via i.c.v. with long of HA contained in 10~1 of saline (final pH 7.4). Data show 
means + SEM (N = 58). Results arc expressed in nmoles CO,/hr/g tissue. Each determination was 

done in triplicate. * P < 0.05, ** P < 0.001 vs control (Student’s t-test). 
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Fig. 3. Effects of histamine antagonists on histamine- 
induced ODC activity in neonatal rat brain. Six-day-old 
rats were injected via i.c.v. with HA, 10 pgg; mepyramine 
(MEP), 2Opg; ranitidine (RAN), 25pg. All drugs were 
contained in 10 ~1 of saline (final pH 7.4). After 2 hr, 
all animals were killed and cerebral ODC activity was 
determined in triplicate. Values are means t SEM (N = 
5). Control value = 2.06 2 0.017 nmoles CO,/hr/g tissue. 
Results are expressed in nmoles CO*/hr/g tissue. 
*,$ P < 0.05 vs control and HA respectively (Scheff$‘s 

test). 

Table 1. Effects of histamine agonists on ODC activity in 
neonatal rat brain 

ODC activity % Control 

Control 2.13 ? 0.12 100 
2-TEA 2.41 2 0.09 113 * 4 
IMP 3.10 2 0.05* 14.5 -+ 2 

Six-day-old pups were treated i.c.v. with 2-thiazo- 
lylethylamine (2-TEA) 24 pg or impromidine (IMP) 1 pg, 
both contained in 10 ~1 of saline (final pH 7.4), and killed 
2 hr later. Data are means f SEM (N = 4). Results are 
expressed in nmoles CO*/hr/g tissue. Each determination 
was done in triplicate. * P < 0.001 vs control (Scheff&‘s 
test). 

results of the pharmacological study are presented 
in Fig. 3 and Table 1. As shown in Fig. 3, ranitidine 
(an Hz receptor antagonist) at a dose of 25 pg blocked 
the increase of neonatal brain ODC activity induced 
by an ICV administration of 10 pg HA. In contrast, 
the H1 receptor antagonist mepyramine (20 pg), did 
not modify the HA effect. Neither H1 nor H2 recep- 
tor antagonists alone affected control ODC activity. 
On the other hand, 1 pg impromidine (a potent Hz 
receptor agonist) mimicked the effect of HA, 
whereas the H1 receptor agonist 2-TEA (24 pg), did 
not modify control ODC activity (Table 1). 

These results indicate that HA effect on brain 
ODC activity is mediated by the Hz receptor. 

Effects of HA-releasers on neonatal brain ODC 
activity 

In order to determine whether mast cell HA was 
able to elicit an increase in neonatal rat brain ODC 
activity, animals were treated i.c.v. with HA- 

Table 2. Effects of HA-releasers on brain ODC activity in 
neonatal rats 

ODC activity % Control 

Control 2.05 2 0.08 (5) 100 
Compound 48180 2.77 ? 0.04 (5)* 135 + 2 

Control 2.09 2 0.01 (3) 100 
Polymixin B 2.76 -r- 0.01 (3)’ 132 2 1 

Six-day-old rats were treated i.c.v. with compound 
48/80 (5 pg) or polymixin B sulfate (1 pg) contained in 10 ~1 
of saline (final pH 7.4) and killed 2 hr later. Data are 
means 2 SEM (N). Results are expressed in nmoles COz/ 
hr/g tissue. Each determination was done in triplicate. 
* P < 0.001 vs control (Student’s t-test). 

releasers (compound 48/80 or polymixin B sulfate). 
We found that the administration of compound 
48/80 (5 pg) or polymixin B (1 pg) caused a rise 
in control brain ODC activity of 35% and 32% 
respectively (Table 2). 

DISCUSSION 

The present study shows that HA, administered 
i.c.v., caused an increase in neonatal rat brain ODC 
activity, its effects being both dose and time 
dependent. 

It has been suggested that the HA H, receptor 
could be involved in ODC activation by HA [14], 
but our results, using HA antagonists and agonists, 
provide strong evidence that the HA effect is 
mediated by Hz receptors. It is known that the pri- 
mary action of H2 receptor stimulation is to increase 
the intracellular concentration of cyclic AMP [18, 191 
and in several situations it has been reported that a 
rise in cyclic AMP levels is linked to an increase in 
ODC activity [20-221. We suggest that the HA effect 
on brain ODC activity could be mediated by an 
increase in cyclic AMP levels which may cause an 
activation of a cyclic AMP dependent protein kinase. 
This kinase has been reported to mediate in ODC 
activation [23,24]. Further work is in progress to test 
this hypothesis. 

Several authors have reported the existence of two 
different HA pools in rat brain: neuronal and mast 
cell pools [25--271. Several studies indicate that brain 
mast cells contained the major part of the HA found 
in neonatal rat brain [15,25]. Moreover, mast cell 
HA has been associated with cell proliferation 
[ll, 28,291 and, in some situations, the HA effects 
on cellular development are mediated by Hz-recep- 
tors [7,9-111. ODC activity is involved in brain 
development, and the fact that i.c.v. administration 
of HA releasers elicited a rise in neonatal rat brain 
ODC activity suggest that mast cell HA could con- 
tribute to brain cellular proliferation through an 
effect on brain ODC activity. 
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