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Abstract 
The effect of age on brain histamine levels and 

histamine methyRransferase activity (HMT) was investi- 
gated. Male Sprngue-Dawley rats (12 months old) displayed 
signHleantiy higher hypothalamle, midbrnln and cortical 
histamine concentrations than three-month-old animals. In 
eontrnst, HMT activity was signilleantly decreased in all 
three brain regions. The increase in brain histamine eoneen- 
trntion of old rats could have been partially attributed to 
decreased activity of HMT since elevated levels of brain 
histamine are known to occur following HMT inhibition. 
Present results indicate that slmHady to the reported changes 
in the concentration, synthesis and/or metabolism of uther 
central neurotransmitters in old rats, brain histamine regu- 
lation may also be affected ta the process ofnging. 

Introduction 
Several reports indicated deficiencies in 

central  catecholaminergic,  serotoninergic and 
cholinergic systems occurring w i t h  aging [1]. 
In  contrast ,  the role of  brain histaminergic system 
has been almost  unexplored. Histamine has 
gained recognition as a putat ive central neuro- 
t ransmit ter  [2-4].  Al though brain histamine 
involvement in thermoregulat ion [5], hormonal  
regulation [6] and stress [7-10] was indicated, 
the significance of  brain histamine still remains 
enigmatic. 

The purpose  of  this investigation was to 
explore whether central histaminergic system 
may  also part icipate in the complicated bio- 
chemical  changes which ensue with aging. 

Materials and methods 
Histamine determinations 

The tissues were assayed for their histamine content 
according to a modification of the double isotope technique 
of TAYLOR and SNYDER [11]. This procedure depends on 
the methylation of endogenous histamine in the tissues by 
added histamine N-methyl-transferase using S-adenosyl-L- 
methionine (methyl a4C), (59 mCi/mmole, New England 

Nuclear) as the methyl donor. A tracer amount of (3H)- 
histamine (5-10 Ci/mmole, New England Nuclear) was 
added to correct for the varying degree of histamine methyl- 
ation in different samples. Endogenous S-adenosyl-L- 
methionine was destroyed by boiling the tissue, a procedure 
which also served to precipitate protein. 

The (14C) (3H)-methylhistamine and (14C)-methyl- 
histamine were separated from (~4C)-S-adenosyl-L-methion- 
ine and (3H)-histamine by extracting into chloroform from a 
salt saturated sodium hydroxide solution. The chloroform 
was evaporated and ethanol and scintillation fluid (Econo- 
fluor, New England Nuclear) were added to the residue and 
counted in a Beckman LS 8100 liquid scintillation 
spectrometer. 

Histamine N-methyltransferase (HMT) assay 
Samples of homogenates were centrifuged at 50,000 

• g for 10 min on a Beckman L5-50 preparative ultra- 
centrifuge. HMT activity in supernatant (50 #1) was 
determined by a modification of the isotopic microassay 
method of TAYLOR and SNYDER [1 I] as described earlier 
[12]. Protein estimation of 50/~1 supernatant samples was 
determined by a modification of the method of LOWRy 
et al. [13]. HMT activity is expressed as/~moles of methyl- 
histamine formed per gram of supernatant protein per hour 
of incubation. 

Results 
Old rats displayed a significantly higher 

hypothalamic midbrain and cortical histamine 
concentration (Fig. 1) than that seen in the young 
animals. The greatest increase was noted in the 
cortex (36% above the concentration found in 
young rats) foUowed by the hypothalamus (29%) 
and midbrain (20%). HMT activity was signh~- 
cantly reduced (Fig. 2) in all three brain regions. 
The greatest reduction (39% of that seen in 
young animals) was observed in the hypothala- 
mus. Midbrain and cortical HMT activity was 
reduced to 55% and 67% (of that seen in young 
rats), respectively. 
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Figure 1 
Histamine concentration (ng/g) in the 
hypothalamus, midbrain and cortex of the 
young and old rats. The results represent 
the mean _+ SEM of 8 experiments for 
each group. Student's t-test was used for 
statistical significance. 

Figure 2 

Y O U N G  

IN-\\~I O L D 

* * * *  p < 0 0 0 1  

HYP( ~THALAMUS MIDBRAIN 

Agents and Actions, vol. 14, 3/4 (1984) 555  

1 
CORTEX 

Histamine methyltransferase activity in the hypothalamus, midbrain and cortex of young and old rats. The results represent 
the mean + SEM of  8 experiments in each group. Student's t-test was used for statistical analysis. 

Discussion 
Present studies demonstrated definite differ- 

ences between young and old rats in the regional 
brain histamine concentration. The elevation in 
hypothalamic midbrain and cortical histamine 
levels of old rats was associated with a significant 
decrease in HMT activity in all three brain 
regions which may suggest a decreased histamine 
metabolism. It is possible that changes in hista- 
mine methylation could influence histamine 

release and/or binding characteristics. Age- 
induced alterations in L-histidine uptake and/or 
histamine synthesis could have also occurred. 

The increase in brain regional histamine 
concentration associated with decrease in the 
HMT activity may not be surprising as methyl- 
ation is considered to be the major route of hista- 
mine metabolism and inactivation in the mam- 
malian brain [14--16]. HMT appears to be widely 
distributed in the central nervous system [ 17,18]. 
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T h e  distribution of tele-methylhistamine, the 
inactive histamine metabolite, correlates well with 
the distribution of histamine [19]. 

In vivo studies had indicated that HMT 
inhibition by metoprine increased histamine levels 
in the whole rat brain [20] and in the rat hypo- 
thalamus, thalamus and cortex [21]. Similarly to 
our findings, the greatest increase occurred in the 
cortex while hypothalamic histamine levels were 
less elevated. 

Presently observed changes in brain hista- 
mine levels and HMT activity of old rats are in 
line with the repeatedly reported alterations in the 
brain concentration of other neurotransmitters 
ensuing with aging [1]. However, in our studies 
the regional brain histamine concentration was 
significantly increased while norepinephrine and 
5-hydroxytryptamine levels in several brain 
regions of the old rats were often decreased, 
although strain, age and regional differences seem 
to occur [1]. For example, in Wistars rats (15 
months old) norepinephrine levels were signifi- 
cantly lower in the hypothalamus, pons and 
medulla but higher in the thalamus, hippocampus 
and cerebral cortex [22]. 

It is of interest that central histamine dis- 
plays also a different developmental pattern than 
catecholamines and 5-hydroxytryptamine. The 
latter neurotransmitters increase from late gest- 
ation to maturity [23]. In contrast, histamine 
concentration in the fetal brain decreases after 
birth and declines steadily to low adult values 
[24-26]. 

The decrease in HMT activity observed in 
all three brain regions of old rats in this investi- 
gation is in line with the age-related decrease in 
the activities of the synthesizing and/or meta- 
bolizing enzymes of catecholamines, 5-hydroxy- 
tryptamine and acetylcholine [1]. Interestingly 
both histamine and dopamine stimulated adenyl- 
ate cyclase activity in the hypothalamus, frontal 
cortex and anterior limbic cortex (and dopamine 
stimulated adenylate cyclase activity in striatum) 
were reported to decline (by about 50%) as 
rabbits aged from 5.5 months to 5.5 years of 
age [27]. 

The importance of changes in the regulation 
of other central neurotransmitters was docu- 
mented. While alterations in striatal tyrosine 
hydroxylase activity may account for some 
difficulties in movement [28], central cholinergic 
deficit has often been suggested to be involved in 
age-related memory disfunction [29-31]. 

Further studies are needed to elucidate the 
significance of age-induced changes in brain 
histamine regulation. However, the present 
investigation indicates that similarly to other 
central neurotransmitters, the central hista- 
minergic system is affected by the aging process. 

Acknowledgments 
This research was supported by the Ontario Mental 

Health Foundation Grant No. 842. The skilful technical 
assistance of Mr Pheelander Baddoo is greatly appreciated. 

References 
[1] S.N. PRADHAN, Central neurotransmitters and aging, 

Life Sci. 26, 1643-1646 (1980). 
[2] J.P. GREEN, C.L. JOHNSON and H. WEr~STEIN, 

Histamine as a neurotransmitter. In Psychopharma- 
eology: A Generation of Progress. pp. 319-322 (Eds 
M.A. LIPTON, A. DI MASCIO and K.F. KILLAN). 
Raven Press, New York, 1978. 

[3] J.C. SCHWARTZ, G. BARBIN, M. BAUDRY, M. 
GARBARG, M.P. MARTRES, N. POLLARD and M. 
VERDIERE, Metabolism and functions of histamine in 
the brain. In Current Developments in Psycho- 
pharmacology, pp. 173-261. (Eds W.B. ESSMAN and 
L. VALZELLI). Spectrum, New York 1979. 

[4] J.C. SCHWARTZ, M. POLLARD and T.T. QUACH, 
Histamine as a neurotransmitter in mammalian brain: 
neurochemical evidence, J. Neurochem. 35, 26-33 
(1980). 

[5] M.D. GREEN, B. COX and P. LOMAX, Sites and 
mechanisms of action of histamine in the central 
thermoregulatory pathways of  the rat, Neuro- 
pharmacology 15, 321-324 (1976). 

[6] R.L WEINER and W.F. GANONG. Role of brain mono- 
amines and histamine in regulation of anterior 
pituitary secretion, Physiol. Rev. 58, 905-976 (1978). 

[7] Cz. MASLINSKI, B. BIELKIEWICZ, J.Z. NOWAK and 
A. Pmc, Histamine content and synthesis in central 
and peripheral nerve structures during stress, Agents 
and Actions 5, 4-8  (1975). 

[8] I.M. MAZURKIEWlCZ-KWlLEeKI and H. TAUB, Effect 
of stress on brain histamine, Pharmacol. Biochem. 
Behav. 9, 465-468 (1978). 

[9] I.M. MAZURKIEWICZ-KWILECKI, Single and repeated 
air blast stress and brain histamine, Pharmacol. Bio- 
chem. Behav. 12, 35-39 (1979). 

[10] M. VERDIERE, C. ROSE and J.C. SCHWARTZ, 
Decreased turnover of histamine in the brain of 
restrained mice, Brain Res. 129, 107-119 (1977). 

[11] K.M. TAYLOR and S.H. SNYDER, ISotopic microassay 
of histamine, htstidine decarboxylase and histamine 
methyltransferase in brain tissue, J. Neurochem. 19, 
1343-1358 (1972). 

[12] G.D. PRELL and I.M. MAZURKmWICZ-KWmECKI, The 
effects of ethanol, acetaldehyde, morphine and 
naloxone on histamine methyltransferase activity, 
Prog. Neuro-Psychopharmacol. 5, 581-585 (1981). 

[13] O.H. LOWRY, N.J. ROSEBROUGH, A.L. FARR and R.J. 
RANDALL, Protein measurement with the folin phenol 
reagent, J. biol. Chem. 193, 265"275 (1951). 

[14] R.W. SCHAYER and M.A. REmLY, Formation and fate 



Agents and Actions, vol. 14,3/4 (1984) 557 

of  histamine in rat and mouse brain, J. Pharmac. exp. 
Ther. 184, 33-40 (1973). 

[15] J.C. SCHWARTZ, H. POLLARD, S. BISCHOFF, M.C. 
REHAULT and M. VERDIERE, Catabolism of  3H-HA in 
the rat brain after intracisternal administration, Eur. J. 
Pharmac. 16, 326-335 (1971). 

[16] J.N.A. VAN BALGOOY, F.D. MARSHALL and E. 
ROBERTS, Metabolism of  intracerebrally administered 
histidine, HA and IM-AcAc in mice and frogs, J. 
Neurochem. 19, 2341-2353 (1972). 

[17] D.D. BROWN, R. TOMCHICK and J. AXELROD. The 
distribution and properties of  a histamine-methylating 
enzyme, J. biol. Chem. 234, 2948-2950 (1959). 

[181 J.M. SAAVEDRA, M.J. BROWNSTEIN and M. 
PALKOVITS, Distribution of  catechol-O-methyltrans- 

ferase, histamine-N-methyltransferase and monoamine 
oxidase in specific areas o f  the rat brain, Brain Res. 
118, 152-156 (1976). 

[19] L.B. HOUGH and E.F. DOMINO, Tele-methylhistamine 
distribution in rat brain, J. Neurochem. 32, 1865-1866 
(1979). 

[20] D.S. DUCH, S.W. BOWERS and C.A. NICHOL, 
Elevation of  brain histamine levels by diaminopyrim- 
idine inhibitors of  histamine N-methyltransferase, Bio- 
chem. Pharmac. 27, 1507-1509 (1978). 

[21] D.S. DUCH, S.W. BOWERS, M. EDELSTEIN and C.A. 
NICHOL, Histamine: elevation of brain levels by 
inhibition of histamine-N-methyltransferase. In Trans- 
methylation, pp. 287-295 (Eds E. USDIN, R.T. 
BC, RCHARDT and C.R. CREVELING). Elsevier/North 
Holland, New York 1979. 

[221 I. YOSH1SHIGE, T. MASATOSHI, K. YASUKO, N. 
RYOICHI, 1. KENICHIRO, T. AKIRA, H. YOSHIO and N. 
NOBUYUKI, Effects of  age and stress on regional 
noradrenaline metabolism in the rat brain, Neurobiol. 
Aging 3, 233-236 (1982). 

[231 J.T. COYLE and D. HENRY, Catecholamines in fetal 
and newborn rat brain, J. Neurochem. 21, 61-67 
(1973). 

[24] L.A. PEARCE and S.M. SCHANBERG, Histamine and 
spermidine content in brain during development, 
Science 166, 1301-1303 (1969). 

[25] L.B. HOUGH, J.K. KHANDELWAL and J.P. GREEN, 
Ontogeny and subcellular distribution of  brain tele- 
methylhistamine, J. Neurochem. 38, 1593-1599 
(1982). 

[26] M.P. MARTRES, M. BAODRY and J.C. SCHWARTZ, 
Histamine synthesis in the developing rat brain: 
evidence for a multiple eompartmentation, Brain Res. 
83, 261-275 (1975). 

[27] M.H. MAKMAN, H.S. AHN, L.J. THAL, N.S. 
SHARPLESS, B. DVOPa~IN, S.G. HOROWlTZ and M. 
ROSENFELD, Evidence for selective loss of  brain 
dopamine- and histamine-stimulated adenylate eyelase 
activities in rabbits with aging, Brain Res. 192, 177- 
183 (1980). 

[28] P.L. McGEER, E.G, MCGEER and J.S. SUZUKI, Aging 
and extrapyramidal funetion, Arch. Neurol. 34, 33-35 
(1977). 

[29] T. RAYMOND BARTUS, R.L. DEAN and B. BEER, 
Memory deficits in aged cebus monkeys and facili- 
tation with central eholinomimetics. Neurobiol. Aging 
1, 145-152 (1980). 

[30] A.S. LIppA, R.W. PELHAM, B. BEER, D.J. CRITCHETT, 
R.L. DEAN and R.T. BARTUS, Brain eholinergie 
dysfunction and memory in aged rats, Neurobiol. 
Aging 1, 13-19 (1980). 

[31] K.A. SHERMAN, J.E. KUSTER, R.L. DEAN, R.T. 
BARTUS and E. FRIEDMAN, Presynaptic cholinergie 
mechanisms in brain of  aged rats with memory impair- 
ments, Neurobiol. Aging 2, 99-104 (1981), 


