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Summary 

We have investigated the catabolism of [3H] hista- 
mine (HA), after intraventricular (i.vt.) administra- 
tion, in brains of the audiogenic seizure susceptible 
(SS) and resistant (SR) deermouse Peromyscus. Brains of 
SS mic@ had lower endogenous HA levels an d contained 
less [JH]-HA 20, 60 and 300 sec after i.vt. [JH]-~A than 
did brains of SR deermice. Twenty sec after [JH]-HA, 
brain [JH] methylhistamine (MeHA) levels and the result- 
ing MeHA ccnversion index were found to be increased in 
the SS animals while later, at 60 and 300 sec, these 
parameters were found to be decreased. ~There were no 
SS-SR differences in the levels of brain [JH] methylimi- 
dazoleacetic acid. The data indicate that SS deermiee 
catabolize exogenous HA, at least initially, more rapid- 
ly than their SR counterparts, confirming a like result 
noted immediately prior to seizure activity elicited by 
the administration of L-methionine-dl-sul fox imine in 
Mus. 

Recent work has shown that the administration of the convul- 
sant agent L-methionine-d,l-sulfoximine (MSO) to mice and rats 
(I-4), results in a significant decrease in brain S-adenosyl-L- 
methionine (AdoMet) levels (5), most likely as a result of an 
accelerated utilization of AdoMet in several cerebral trans- 
methylation reactions (6). These include the methylation of tRNA 
(7,8), histamine (HA) (9), proteins and phospholipids (10). It 
was of interest to determine whether the observed changes in 
cerebral methylation are a peculiar characteristic of the 
MSO-induced seizure-susceptible state or whether they characterize 
other states of seizure-susceptibility as well. We, therefore, 
determined the in vitro activities of histamine-N-methyltrans- 
ferase (HMT) and catechol-O-methyltransferase (COMT) in brain 
extracts obtained from autosomal recessive, audiogenic seizure- 
susceptible (SS), mutants of the deermouse Peromyscus maniculatus 
bairdii. HMT and COMT activities in SS brains were lower and 
higher, respectively, compared to HMT and COMT activities of 
audiogenic seizure-resistant (SR) deermouse brains (11). Since, 
however, in vitro measurements of enzymatic activity are performed 
in optimally fortified assay systems which utilize tissue 
preparations disrupted by homogenization procedures as the enzyme 
source, it was important to obtain comparative information on the 
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respective in vivo rates of cerebral methylation in the SS and SR 
animals. The present results show that the methylation of 
cerebral HA to 1-methylhistamine (MeHA) proceeds in vivo at 
significantly higher initial rates in the SS than in the SR 
animals. 

Materials and Methods 

Animals. Males of the mutant epileptic (epep) Peromyscus 
strain used throughout this study were obtained from stocks main- 
tained at the Mental Health Research Institute of the University 
of Michigan Medical Center, Ann Arbor, Michigan. The wild-type, 
SR (EpEp) deermice were wild-conceived animals obtained from the 
Museum of Zoology, University of Michigan, Ann Arbor, MI. The 
animals received "Teklan 4% mouse and rat diet" and water ad lib 
and were housed in stainless steel cages, 1-6/cage. The SS deer- 
mice were derived from homozygous matings (epep x epep) and were 
tested individually for clonic or tonic seizure response at least 
once after weaning using the key-jingling procedure of Barto (12). 
The epep animals were compared to the wild-type EpEp Peromyscus 
which are generally SR at all ages (12,13). All experiments were 
conducted on adult mice, 70-90 days of age. 

In vivo histamine methylation and endogenous histamine levels. 
Histamine dihydrochloride was from Sigma (St. Louis, MO); 
1-methylhistamine and 1-methylimidazoleacetic acid were from 
Calbiochem (LaJolla, CA); silica gel thin layer chromatography 
(TLC)~plates were from new England Nuclear (Boston, MA) and 
[2,5-JH] histamine dihydrochloride (specific activity 7.7 Ci/mmol) 
was from Amersham-Searle (Arlington Heights, IL). For intraven- 
tricular (i.vt.) injections, the mice were lightly anesthetized 
with ether, a small piece of scalp removed for ease in identifi- 
cation of the injection site and [JH]-HA was injected into the 
lateral cerebral ventricle in 10 ~i of artificial cerebrospinal 
fluid (Merlis solution) 20, 60 or 300 seconds prior to sacrifice 
in liquid nitrogen. The injection site was approximately 2 mm 
caudal to the Bregma and I mm lateral to the midline at a depth of 
3 mm from the skull. To determine the accuracy of the i.vt. 
i~jection, mice were injected with methylene blue instead of 
[~H]-HA. In 90 percent of the mice examined, the dye was local- 
ized in the ventricle (9). After overnight storage at -20°C, 
whole brains were rapidly removed and immediately_reimmersed in 
liquid nitrogen, to be store d at -80°C. [3HI-HA, [3H] 
1-methylhistamine (MeHA) and [JH] 1-methylimidazoleacetic acid 
(MeIAA) were determined by an ion exchange/TLC procedure (9,14). 
In another set of experiments (Table I) steady state HA levels 
w~re measured in brains of mice that were not injected i.vt. with 
[JH]-HA, using the single isotope procedure of Kobayashi and 
Maudsley (15), as modified by $chatz et al. (9). 

Results and Discussion 

Cerebral HA levels were significantly lower in SS, compared to 
SR animals (Table I). This finding, coupled with the observation 
that the administration of MSO elevates brain histamine levels 
(9), demonstrates that elevated HA levels per se are not a 
reliable indicator of a seizure-susceptible state. 
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TABLE I 
Brain Levels of Histamine in Audiogenic Seizure- 
Susceptible (SS) and -Resistant (SR) Peromyscus 

Animal Histamine 
(ng/g) 

Seizure resistant 46.4 + 4.1 (7) 
(SR) 

Seizure susceptible 32.3 + 2.9 a (6) 
(ss) 

Results are expressed as mean + S.E.M. Number in 
parentheses represents the number of animals in each 
experimental group. 
a. p<O.05, compared to SR animals using the Student's t 
test. 

To determine the in vivo~rate of HA methylation in the brains 
of the S~ and SR animals, [~H]-HA was injected intraventricularly 
and the [JH]-MeHA formed was determined 20, 60 and 300 seconds 
later. In these experiments we also measured the radioactivity 
remaining (dpm/g) as [~H]-HA, which permitted the calculation of 
the d~stribution of the radioactivity (percent) between [~H]-HA 
and [~H]-MeHA and the estimation of the HA to MeHA conversion 
index (nm~I/g). Figure IA shows lower percent [3H]-HA and higher 
percent [~H]-MeHA values in the SS animals (compared to SR 
animals) at 20 sec, a finding confirme d by the histograms 
(Fig. IB) relating dpm/g to the time after [~H]-HA administration 
in seconds. We al~o found that the amount of radioactivity 
(dpm/g) present as [ HI-HA remained lower in the SS than in the SR 
animals at 60 sec, but that the [~H]-MeHA levels (dpm/g) failed to 
reflect this trend. Table 2 shows higher HA to MeHA conversion 
index values at 20 sec in the ~S animals with an inversion to 
lower values thereafter. Mean [ H]-HA specific radioactivity 
values (dpm/nmol) (Table 2) for SS mice were not significantly 
different from the corresponding SR values at any of the time 
intervals tested. We ~take this to mean that, in both groups of 
animals, the injected [3H]-HA mixed rapidly and uniformly with the 
endogenous brain HA pool(s). 

We cannot fully account for the failure of the conversion 
index to remain higher in the SS than in the SR animals past the 
20 sec time point. Indeed, the subsequently lower SS conversion 
index values are in agreement with the previous observation of 
lower in vitro HMT activity in brains of SS deermice (11). 
Further, the conversion index cha~ge is not ~likely due to 
differential rates of conversion of [JH]-MeHA to [~H]-MeIAA, since 
we recently showed no significant difference between the in vitro 
activities of the MeHA-metabolizing enzyme, monoamine o×idase 
(MAO), type B (16-18) in SS vs SR brains (11). Similarly, there 
w~re no differences in the present study between the brain 
[JH]-MeIAA levels in either animal group (data not shown). 
Despite the lack of change in the in vitro activity of MAO-B (11), 
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FIG. I 

Catabolism of [3HI histamine in audiogenic 
s~izure-susceptible (SS) and resistant (SR) Peromyscus. 
[ H]-HA (I ~Ci/10 ~i) was injected i.vt. 20, 60 and 300 sec 
before sacrifice. Results in panel A are expressed as mean 
percent of total radioactivity + SEM. Open symbols denote 
values significantly different- from SR animals using the 
Student's t te~t (p<O.05). Results in panel B are expressed 
in dpm/g x--10 -J as mean + S.E.M. Stars denote values 
significantly different from SR animals (p<0.05). In both 
panels A and B, the number in parentheses represents the 
number of animals in each experimental group. 

and also because no inhibitor of MAO-B was used in this study, the 
possibility of appreciable differences in the in vivc rates of 
MeHA catabolism between SS and S~ animals still remains open. The 
non-availability of sufficient [JH]-MeHA of an appropriately high 
specific radioactivity has, to date, precluded the testing of this 
p~ssibility. Finally, it is conceivable that the crossover in 
[~H]-MeHA formation from an increase at 20 sec to a d~crease at 60 
and 300 sec reflects an incomplete distribution of [JH]-HA after 
i.vt. administration, but previous studies utilizing this 
injection route have revealed no problems in this regard (9,20). 
It should also be noted that the conversion index expression 
assumes identical steady state levels of brain MeHA (19,20) in SS 
and SR animals, an assumption that remains unproven in our 
experiments. The low SS [~H]-MeHA levels at 60 and 300 sec 
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(Fig. IB, right panel) may therefore be interpreted to mean that 
the SS brains have lower amounts of MeHA, as well as HA (Table I), 
c~mpared to their SR counterparts. For3this , we assume that the 
[JH]-MeHA formed from the injected [ H]-HA mixed uniformly with 
the endogenous brain MeHA p~ol(s) in both animal groups (9,20). 
The decreased amounts of [~H]-HA (Fig. IB, left panel) in the SS, 
compared to SR brains, indicate that SS deermice catabolized the 

TABLE 2 
Histamine Specific Radioactivity and Methylhistamine 

Conversion Index in Audiogenic Seizure-Susceptible (SS) 
and -Resistant (SR) Peromyscus. 

Conversion 
Pulse Time a Animal s.r.a.b index ~ % Change c 

(sec) 

SR 
20 

SS 

SR 
60 

SS 

SR 
300 

SS 

25 8 + 1.8 (6) 

29 9 + 3.2 (7) 

15 0 + 1.4 (6) 

16 8 + 1.6 (7) 

3 8 + 0.4 (7) 

4 8 + 0.9 (7) 

0 17 + 0 01 

0 23 + 0 02 e 

0 44 + 0 06 

0 27 + 0 04 e 

3 09 + 0 36 

I 45 + 0 17 e 

+35 

-39 

-53 

a. [3H] histamine (I uCi/10 ul) was injected i. vt. 20, 60 
and 300 sec before sacrifice. 

b. Histamine specific radioactivity expressed in dpm/nmol 
as mean + S.E.M. The number in parentheses represents 
the numbe~ of animals in each experimental group. 

c. Percent change compared to SR animals. 
d. Methylhistamine conversion index expressed in nmol/g as 

mean + S.E.M. 

Conversion index: dpm/g [3H]-methylhistamine 
histamine s.r.a, in dpm/nmol 

e. p<O.05 compared to SR animals (Student's t test). 

exogenous HA faster than the SR animals. A similar finding (i.e., 
a faster than control cerebral methylation of HA) was recently 
reported in Swiss-Webster mice following~the administration of MSO 
(9). An qlternate possibility is that [SH]-HA efflu× (and perhaps 
that cf [~H]-MeHA or MeIAA) from brain is more rapid in SS than in 
SR mice. However, in preliminary studies, no differences in 
levels of radioactivity were noted in the blood of SS compared to 
SR mice at the 300 sec time point (data not shown). 
In sum, we have demonstrated that increases in the cerebral 
methylation of HA appear to correlate positively with the SS 
states in the Peromyscus mutant and in the MSO-treated Mus (9). 
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