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Neuronal histamine(HA) may play a role in memory processing. This 

hypothesis is based upon evidence that the action of histamine at central H1 

and H2 histamine receptor sites has been shown to modulate memory of rats 

and mice in adversely-motivated tasks. The purpose of this study was to test 

this hypothesis more thoroughly in mice using two distinct approaches to 

neuronal HA manipulation. One approach involved the use of new 

pharmacological agents which act at the histamine H3 receptor. It has been 

demonstrated that the selective H3 antagonist thioperamide increases HA 

release in the brain of mice whereas the H3 agonist imetit decreases HA release 

via modulation of presynaptic H3 autoreceptors. It was expected that an 

increase in neuronal HA via the autoreceptor mechanism would result in 

facilitation of memory processing whereas a decrease in HA release would 

disrupt memory processing. 

The second approach involved the manipulation of cerebral HA levels via 

the specific enzyme inhibiting compounds alpha-flouromethylhistidine (alpha-

FMH), a potent neuronal HA depleter and metoprine, a histamine-methyl 

transferase inhibitor which results in accumulation of neuronal HA. Again, 



effects of increased HA due to metoprine and decreased HA levels due to alpha-

FMH were expected to facilitate and disrupt memory processing respectively. 

One trial inhibitory (passive) avoidance training was employed in each 

experiment in order to evaluate the effect of each drug on memory. Each 

compound was tested for effects on memory consolidation and memory retrieval 

as well as for the presence of state dependent effects. The pattern of effects 

obtained with thioperamide suggested facilitation of acquisition or memory 

storage (consolidation) processes, with no effect on the retrieval phase of 

memory processing. In accordance with those findings, significant disruption of 

memory occurred when imetit was present during the consolidation phase of 

memory processing, but not when presented prior to the retrieval phase. These 

findings suggest that H3 receptor sites play a significant role in the modulation of 

memory processes via some mechanism which exclusively affects the 

acquisition or memory consolidation process, while the retrieval of previously 

laid down memory traces is unaffected. 
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CHAPTER I 

INTRODUCTION 

Neuropharmacology of Histamine 

In the brain, histamine (HA) is synthesized and released by two distinct 

types of histaminergic cells. Mast cells are believed to control vascular and 

inflammatory processes via HA release both centrally as well as outside the 

CNS. These connective tissue cells of the circulatory system are scarce in the 

brain but their HA content is relatively high and exists as a constant pool being 

released and slowly rejuvenated . Neurons are the other source of HA which 

functions as the transmitter of a system resembling other monoaminergic 

neuronal systems in several respects. HA does not readily cross the blood-brain 

barrier and therefore, the function of histamine receptors in the CNS is to 

mediate the actions of the locally synthesized, stored and released amine 

(Schwartz, Arrang, Garbarg, 1986a). The availability of immunohistochemical 

techniques have allowed histaminergic cells to be visualized. Most 

histaminergic neurons arise from various magnocellular mammillary nuclei in the 

ventral part of the posterior hypothalamus. Their axons constitute long 

ascending fiber tracts passing through the lateral hypothalamic area and 



projecting, mainly in an ipsilateral fashion, to all regions of the diencephalon 

and telencephalon (Schwartz et al, 1986a). The general disposition of the 

histaminergic system resembles the catecholaminergic and serotonergic 

systems in the brain in which there are few compact cell groups having a wide 

distribution of long varicose fibers. 

The chemical actions of HA are mediated not only by the two well known 

H1 and H2 receptor sub-classes, but also by the recently discovered H3 

receptors with distinct localization and pharmacology. Actions at H1-receptors, 

responsible for the 'drowsiness' side effects of antihistamines appear to be 

mediated by breakdown of inositol phosphates which alter intracellular Ca+2 

levels. H2-receptors appear to be directly linked with adenylate cyclase and 

their stimulation results in enhanced electrophysiologically recorded responses 

to excitatory agents (Schwartz, Arrang, Garbarg, Korner,1986b). Finally, 

whereas H1 and H2 receptors appear to be postsynaptically located, the H3 

receptors appear to be both postsynaptic as well as true presynaptic auto 

receptors which mediate inhibition of HA release and biosynthesis in 

histaminergic nerve terminals in the CNS. 

New drugs selective for H3-receptors have been utilized to establish that 

these receptors are involved in the feedback control of histamine synthesis and 

release. These H3 ligands have also allowed investigators to demonstrate the 

distribution of H3-receptors in the brain and peripheral tissues (Arrang, 

Garbarg, Lancelot, Lecompte, Pollard, Robba, Schunack, and Schwartz, 1987). 

Thioperamide is a selective competitive antagonist at the H3 receptor whereas 

imetit dihydrobromide and (R)-alpha methyl histamine are potent and selective 

agonists. These new pharmacological tools, particularly thioperamide, which 

appears to be the first agent able to elicit a marked facilitation in histaminergic 



transmission in the CNS, will be useful in defining the functions of neural 

histaminergic systems. 



Role of Histamine in Cognitive Functions 

There is much evidence to suggest that histamine (HA) acts as a 

neurotransmitter in the CNS; however the functional roles of histaminergic 

neurons on the regulation of brain function has not yet been fully clarified and 

remains a controversial topic. It has been known for years that post training 

administration of a variety of brain neurotransmitters, or of drugs that modify 

their action or release, alters memory (McGaugh, 1983). These studies have led 

to postulation of memory modulatory systems involving noradrenergic, 

dopaminergic, cholinergic and B-endorphinergic neurons, as well as several 

interactions among these control systems and peripheral hormones. Recently a 

number of investigations have suggested that neuronal histamine may also 

participate in a memory modulating system 

One line of evidence supporting the role of HA in memory processes is 

based upon experimental observations following direct administration of HA 

agonists or antagonists within the CNS. For example, intracerebroventricular 

(i.c.v.) administration of low doses of HA was found to facilitate 24-h retention 

test performance when administered immediately following acquisition of the 

step-down inhibitory avoidance behavior (de Almeida and Izquierdo, 1986). 

This effect was antagonized by the simultaneous administration of promethazine 

and cimetidine which are powerful H1 and H2 receptor antagonists, respectively. 

Given that the effect of HA was antagonized only by the concomitant 

administration of the two blockers suggests that post training memory facilitation 

by HA involves both H1 and H2 receptors The lack of effect of the antagonists 

on their own suggests that brain histamine is not released during inhibitory 

avoidance training. 



In a follow-up study it was demonstrated that the effect of histamine was 

not shared by the i.e.v. administration of compound 48/80, a mast cell histamine 

releaser, suggesting that mast cell histamine is probably not involved in memory 

regulation (de Almieda and Izquierdo, 1988). Immediate post training i.e.v. 

injection of HA facilitated memory of both the step down inhibitory avoidance 

task, and the habituation of rearing responses to an open field, suggesting that 

the memory facilitating action might not be specific to shock-motivated tasks. 

When HA and other agonists (Tasaka, Kamei, Akahori, Kitazumi, 1985) 

were applied intraventricular^ in rats, HA caused a dose-dependent inhibition of 

the avoidance response with an ED50 of 3.6 ug. The dose response curves of 

the H1 agonists (2-methylhistamine and 2-thiazolyethylamine) ran parallel to that 

of histamine. The effects of H2 agonists were shown to be relatively weak and 

their dose response curves were not parallel to HA. Three major metabolites of 

histamine, 1-methylhistamine,1-methylimidazole acetic acid and imidazole acetic 

acid, produced no inhibitory effect on the avoidance response even at 50 ug. 

In another study by the same investigators it was reported that oral 

administration of classical H1 blockers inhibited the active avoidance response 

by prolonging the response latency, even with a single administration (Kamei, 

Chung, Tasaka, 1990). Furthermore, the chronic oral administration of these H1 

blockers both remarkably retarded the acquisition of the active avoidance 

response and impaired the retention of acquired learning for as long as the 

chronic administration continued. 

In a follow up study, the effects of intravenous and 

intracerebroventricular administrations of certain new H1 blockers, along with 

the classic ones were studied on the active avoidance response and the 

investigators concluded that inhibition of the active avoidance response induced 



by H1 blockers may be exacted through interaction with the H1 receptors in the 

brain (Kamei and Tasaka, 1991). 

In a more recent study (Kamei and Tasaka, 1993) conducted a study on 

the effect of HA on memory retrieval in old rats. The effects of i.e.v. HA and its 

related compounds were investigated on the prolongation of the active 

avoidance response latency ensuing after a long interruption during learning. 

(Kamei, 1993). HA at doses 10-20 ng, reduced the response latency 

moderately but not significantly. However at doses of 50 to 100 ng. the drug 

elicited significant shortening of the response latency. Furthermore, 

intraperitoneal injections of 200 or 500 mg/kg of HA produced significantly 

shorter response latencies. 

The H1 agonists 2 methyl histamine and 2-TEA were tested and a 

significantly shortened latency was obtained at doses of 50 ng, for both 

compounds. The H2 agonists 4-methylhistamine and impromidine failed to 

produce significant shortening of response latency at doses of 50-200 ng. in old 

rats. Effects via the H3 receptor were tested and neither (R)-methyl histamine 

(H3-agonist) nor thioperamide (H3-antagonist) showed a significant change in 

response latency at a dose of 5 mg/kg i.p. Based on these findings it was 

concluded by these investigators that the H3 receptor does not take part in the 

HA induced facilitation of memory retrieval and that facilitation of memory due to 

HA is intimately related to the H1 receptor. 

In their most recent study Kamei et al. investigated the influence of HA 

depletion on learning and memory of rats by testing the step through active 

avoidance response before and after treatment with alpha-fluoromethylhistidine 

(alpha-FMH), a potent inhibitor of histidine decarboxylase (Kamei et al, 1993). 

Results indicate that alpha-FMH at a dose of 10 mg/kg caused a moderate but 



not significant prolongation of response latency. However, following a dose of 

20 mg/kg, retardation of the response onset became apparent, and a significant 

prolongation of the latency was noticed one hour after drug administration and 

persisted for six hours thereafter. At doses of 50 and 100 mg/kg the effect was 

more marked than that observed at 20 mg/kg with respect to both latency and 

duration. There was no motor disturbance reported even at doses of 100 mg/kg 

and no influences were observed on locomotor activity at this dose. It was also 

demonstrated that the prolonged latency induced by alpha-FMH at a dose of 100 

mg/kg i.p. was significantly antagonized by ICV injection of 10 ng of HA. The 

retarded acquisition of active avoidance responding was also observed after 

repeated administration of alpha-FMH, suggesting that alpha-FMH caused not 

only a significant suppression in the memory recollection but also in the learning 

of the active avoidance response. In accordance with this, ICV administration of 

HA showed the opposite effects leading these investigators to conclude that 

endogenous HA located in neuronal cells, especially in the hippocampus and 

hypothalamus, plays some crucial role in learning and memory recollection of 

rats in an avoidance paradigm. 

Bhattachrya (1990) investigated the effect of central HA in learning and 

memory of rats using both active and passive avoidance paradigms. All drugs 

were injected i.c.v. into the right lateral ventricle. HA produced a dose-related 

facilitation of both learning acquisition and retention of memory at doses of 1 & 5 

ug. A similar facilitation was produced by the histamine precursor, L-histidine. 

However the major HA metabolite, 1 -methylimidazole acetic acid had little effect, 

indicating that the observed facilitation effects could be attributed to HA as 

opposed to its metabolites. 



The relatively selective H1 and H2 receptor agonists, 2-methylhistamine 

and 4-methylhistamine, respectively, produced dissimilar effects, with the former 

inducing facilitation and the latter attenuating learning and memory. Likewise, 

the H1 receptor antagonists, mepyramine and clorcylcizine, inhibited 

performance under these memory paradigms, whereas the H2 receptor 

antagonists, cimetidine and ranitidine, produced a dose-related effect with the 

lower doses facilitating and the higher doses retarding learning acquisition and 

memory. The latter effect may be due to non-selective blockade of the H2 

presynaptic receptors. The memory facilitation of 2-methylhistamine was 

attenuated following pre treatment with the acetylcholine synthesis inhibitor, 

hemicholinium, or by pirenzepine, a selective muscarinic M1 receptor 

antagonist. On the contrary, the memory attenuating effect of 4-methylhistamine 

was antagonized by 5,6-dihydroxytryptamine, a specific serotonergic neurotoxin, 

and p-chorophenylalanine, which inhibits serotonin synthesis. The conclusion of 

these investigators is that the H1 receptor-induced memory facilitation is 

cholinergically mediated, whereas the H2 receptor-induced memory attenuation 

is mediated through the serotonergic system. In conclusion, the memory 

modulatory role of neuronal HA appears to be involved with action at the H1 and 

H2 receptors where the presence of HA or its agonists tends to enhance memory 

in avoidance tasks and antagonistic action at the same sites disrupts 

performance in the same tasks. 

Pharmacological Tools 

Thioperamide is derived from imidazolylpiperidine and has been 

demonstrated to be an H3-receptor antagonist which is able to cross the blood 

brain barrier (Arrang et al, 1987). Several in vivo studies have demonstrated the 

effects of the histamine H3-receptor ligands on various biochemical indices of 



histaminergic neuron activity in rat and mouse brain (Garbarg, Arrang, Rouleau, 

Ligneau, Trong, Schwartz, and Ganellin, 1989). When the interaction of 

thioperamide was studied with the three classes of histamine receptors in vivo, 

the turnover of HA in rat cerebral cortex,(as determined from its depletion 

elicited by alpha-FMH in a synaptosomal fraction) was not modified by the H1 

and H2 receptor antagonists, mepyramine and zolantidine respectively, but was 

markedly enhanced by thioperamide at a low dose (ED50 = 2 mg/kg). 

Thioperamide also elicited a long lasting decrease in synaptosomal HA. The 

very marked thioperamide-induced activation of HA turnover evidenced on 

various indices (ie. Alpha-FMH depletion) suggests that H3-receptors regulate 

selectively the activity of HA neurons in vivo and these receptors are tonically 

activated by endogenous HA. This suggests that the autoreceptor mediated 

control of histamine neuron activity constitutes a major regulatory mechanism 

under physiological conditions. In addition, thioperamide would appear to be a 

very useful experimental tool to modify the activity of cerebral histamine neurons 

in vivo, being active orally at relatively moderate doses and having a markedly 

long lasting effect up to 6 hours. 

Another important study to characterize the effect of thioperamide on HA 

metabolism was carried out on the mouse utilizing a different approach (Oishi, 

Itoh, Nishibori, and Saeki, 1989). Because HA released from neurons is 

metabolized predominantly to tele-methyl histamine (t-MH) by histamine- N-

methyl-transferase (HMT) and is further converted to tele methyl-imidazoleacetic 

acid by type B monoamine oxidase, the t-MH level in the brain increases after 

the administration of the MAO inhibitor pargyline, and this accumulation has 

been used to estimate histaminergic activity in the brain. To study the feedback 

control by H3-receptors on the synthesis and release of HA at nerve endings in 
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the brain, the effects of thioperamide on the pargyline-induced accumulation of t-

MH in the brain of mice were examined in vivo. Thioperamide significantly 

increased the steady state t-MH level in the mouse brain (2 mg/kg i.p.) and 

enhanced the pargyline-induced t-MH accumulation by 70% at one and two 

hours after treatment with a return to control levels four hours after treatment. 

Lower doses of (1 mg/kg i.p.) also induced significant changes in the pargyline 

induced t-MH accumulation, indicating that thioperamide has potent effects on 

HA turnover in vivo in brain. 

The results of these studies show that the H3 receptor ligand 

thioperamide elicits very important modifications of HA turnover as compared to 

any other drug treatment previously studied and the findings serve to establish 

practical conditions for its use in behavioral studies. The dose effects of 

thioperamide on locomotor activity in mast cell-deficient mice was investigated 

(Sakai, Kenji, Katzutaka, Kazuhiko, and Watanabe,1991). The results of the 

study clearly show that the locomotor activity of the mice treated at a dose of 5 

mg/kg, which has been reported to have a significant effect on the intrinsic HA 

release using in vitro slice or in vivo dialysis technique, was unaffected. No 

significant effect was observed at this dose but locomotion was increased at 

doses of (12.5 and 25 mg/kg) and decreased at higher doses of (50 mg/kg and 

75 mg/kg). The reduction in activity at these higher doses was considered to be 

due to its behavioral toxicity judging from the effect of motor incoordination 

demonstrated by the rotorod test at these doses. 

The role of thioperamide has also been investigated in cognition with 

mixed results being reported. As mentioned previously, Kamei et. al. report no 

significant change in response latency in old rats tested in an active avoidance 

paradigm at a dose of 5 mg/kg i.p. (Kamei et al, 1993). Barnes of Glaxo Group 
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(Barnes, Clapham, Dennes, Kilpatrick, Marshal, Oshaughnessy, and Calvicchini, 

1992) have provided a more extensive investigation of the role of the H3 

receptor in cognition using thioperamide in rats at doses of .02, 0.2, and 2 mg/kg 

i.p. A delayed non-matching to position task was utilized as a measure of short 

term memory. Rats treated twice daily (for seven days) with thioperamide 

showed significantly (p < .05) better performance in this task than the vehicle-

tested rats and this effect was evident from day 1 to 4 of treatment. 

Thioperamide at 2 mg/kg produced the most marked effect. 

Thioperamide was also shown to improve performance on the T-maze 

with respect to a reduction in the number of trials required to reach criterion on 

the reversal task as well as improvement in retention measures. Microdialysis 

studies were also carried out on thioperamide which demonstrated its ability to 

increase extracellular levels of acetylcholine in the hippocampus thus leading 

these investigators to the conclusion that the ability of thioperamide to increase 

hippocampus acetylcholine levels in vivo could be a possible mechanism 

underlying these cognitive enhancing effects. 

Most recently in our laboratory, the effect of chronic thioperamide (2 

mg/kg i.p. twice daily) were tested using both old and young C57BL/6 mice in a 

variety of cognitive and sensorimotor tasks. The thioperamide was shown to 

facilitate cognition in the young mice in both T-maze trials to criterion measure 

as well as water maze measures of spatial learning (Krug, Lai, and Forster, 

1995). 

The design of the first highly selective and potent ligands for H3 receptors 

have not only confirmed the identity of these receptors but also permitted the 

demonstration of a tonic H3 receptor control of HA neuron activity in vivo . The 

compound S-[2-(4-lmidazolyl)ethyl]!sothiourea (Imetit), which was first 
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characterized as a weak partial H2 agonist, was later characterized as an 

extremely potent and selective H3 receptor agonist (Garbarg et al, 1992). As 

mentioned previously, t-MH levels are used to estimate histamine activity in the 

brain. The t -MH levels in mouse cerebral cortex decreased significantly in a 

dose-dependent manner 2 hours after oral administration of Imetit. The maximal 

decrease occurred with an ED 50 of 1.0 +/- 0.3 mg/kg. When the drug was 

given i.p., ED 50 of 0.5 +/- 0.2 mg/kg was found. The t-MH levels were still 

maximally depressed at 6 hour and had returned to control levels after 16 hours. 

In vitro data suggest that Imetit exerts this inhibitory effect at nanomolar 

concentration, being approximately 60 times as potent as HA itself. These data 

also indicate that Imetit is expected to stimulate H3 receptors at concentrations 

around 100,000 times lower than those required for H1 or H2 receptor 

stimulation (Garbarg et al,1992). At present Imetit is the most potent H3 

receptor agonist described, being approximately 4 times as potent as the other 

known H3 agonist (R)-alpha-methyl histamine. There are no behavioral tests 

reported utilizing Imetit thus far in the literature. 

HA biotransformation can occur by at least two different enzymatic 

mechanisms (oxidation and methylation). In mammalian brain, HA appears to be 

almost exclusively methylated with the product, t-MH being present in brain in 

concentrations and regions similar to those of HA (Cumming, Reiner, and 

Vincent,1990) The t-MH is associated with pools of HA with rapid turnover and 

release, most likely those of histaminergic neurons. The enzyme histamine-n-

methyltransferase (HMT) is responsible for the conversion of HA to t-MH, which 

is then further oxidized to tele-methylimidazolacetic acid (t-MIAA), by MAOB. 

To study the extent to which HA methylation accounts for biosynthesis of 

HA metabolites in the brain, the effects of the HMT inhibitor metoprine were 
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determined on t-MH and t-MIAA levels in rat brain (Hough, Khandelwal, and 

Green, 1986). Metoprine, a dihydrofolate reductase inhibitor derived from 

diaminopyrimidine, (5-30 mg/kg) reduced brain t-MH levels by about 75% and 

caused a dose dependent reduction in HMT activity 4 hours after administration. 

Although brain t-MIAA levels were reduced by only 30% 4 hours after metoprine 

administration, the levels were reduced by about 75% 12 hour after the drug, 

similar to the reduction of t-MH levels. These findings support the suggestion 

that t-MH and t-MIAA in brain arise from brain HA metabolism and that brain t-

MH synthesis is equivalent to HA methylation (Hough, et all986). 

The cerebral metabolism of HA differs from that of other amine 

neurotransmitters in that a high affinity, saturable neuronal uptake mechanism 

appears to be absent although some uptake may occur in glia. If the HA is not 

metabolized it remains in the CNS at higher levels. To evaluate the activity of 

metoprine on brain HA levels, rats received a single oral dose of 10 mg/kg 

(Duch, Bowers, and Nichol, 1978). Results indicate that HA levels are highest 5 

hour after administration of the drug orally and correlate with peak drug levels in 

the brain and HA levels are still elevated more than two fold 48 hour after 

administration of the drug. Metoprine showed no effect on the activity of 

histidine decarboxylase in vivo or in vitro. Thus the investigators conclude that 

metoprine provides means for altering HA levels in the brain and may be a 

useful tool for exploring the role of HA in CNS metabolism and 

neurotransmission. 

A radioenzymatic assay was employed to study the inhibition of rat brain 

HMT activity by metoprine and tetrahydroacridine (THA). THA has been 

proposed as a therapeutic drug in Alzheimer's disease and is similar structurally 

to the quinocrine-derived antimalarial alkaloids, which are potent inhibitors of 
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HMT. The degree of HMT inhibition produced in rat cerebral cortex was 

determined 2 hour after peripheral administration of metoprine and THA (10 

mg/kg i.p.). The effects of these drugs on the histamine content of cortex, 

striatum, and hypothalamus were determined (Cumming et al, 1990). Results 

showed both THA and metoprine produced a dose-dependent inhibition of 

cortical HMT. However metoprine was more potent than THA, producing nearly 

complete inhibition. This could be due to its slightly greater intrinsic potency or 

to greater penetration into brain tissue. Because of the absence of catabolic 

pathways other than N-methylation, and the lack of a robust HA uptake 

mechanism, cerebral HA concentrations are potentially sensitive to HMT 

inhibition. The results of the determination of HA concentrations in brain tissues 

indicate that THA produced an approximately two-fold increase in cortical HA 

that was dose dependent while metoprine produced a nearly three-fold increase 

in cortical HA, consistent with its greater potency as an HMT inhibitor. Results 

were similar in striatum but the magnitude of the increases were lower. In 

hypothalamus, a trend towards increased HA levels did not reach significance in 

THA groups and was marginally significant in the metoprine groups. 

Improved cognitive performance has been reported in some mildly 

demented Alzheimer's patients undergoing clinical trials with THA. THA inhibits 

Acetylcholine esterase (AChE) ,the enzyme that inactivates acetylcholine, with 

an IC50 on the order of 100 nM. However it is not certain that the inhibition of 

AChE is the only property of THA pertinent to its reported clinical efficacy and/or 

side effects. Therefore I have chosen metoprine, which is reportedly free of 

cholinergic modulation to investigate the histaminergic effects on cognition. 

The effects of metoprine on locomotor activity and brain HA content in 

mice were studied by the same investigators who previously reported that 
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activation of the histaminergic system by thioperamide increased locomotor 

activity via or enhanced HA release. Two compounds were tested, metoprine 

and (S)-alpha-fluoromethylhistidine (alpha-FMH) an inhibitor of histidine 

decarboxylase (HD) which inactivates the histaminergic system by inhibition of 

HA synthesis. This agent will be discussed in more detail in the next section. 

Male 5-week old ICR mice were used and metoprine was injected at various 

doses i.p. from 4 to 16 mg/kg. Locomotor activity and rearing behavior were 

measured on a photo beam system for three minutes at various pre treatment 

times. Immediately after locomotor activity, the mice were sacrificed and brain 

HA content was measured. Results indicate an increase in locomotor and 

rearing activity at doses of 4 and 8 mg/kg but a decrease at higher doses 

possibly due to motor incoordination. The locomotor activity was reported 

highest 2-3 hours post injection which correlated with the measured brain HA 

levels which peaked after 2-3 hours and remained high even 5 hour after 

administration. 

HA is synthesized from L-histidine by only one specific enzyme, L-

histidine decarboxylase (HD) in a single step both in peripheral tissues and in 

the CNS. Previously the only known inhibitors of the enzyme were competitive 

inhibitors whose usefulness for in vivo experiments has proved limited by their 

low potency and their relatively poor specificity at efficient dosage. Kollonitsch 

has synthesized selective "suicide" inhibitors of pyridoxal phosphate-containing 

amino acid decarboxylases (Kollonitsch, Patchett, Marburg, Maycock, Perkins, 

Doldouras, Duggan, and Aster, 1978) 

Among these inactivators is alpha-FMH, shown to be an irreversible inhibitor of 

HD. Alpha-FMH has been used in both in vitro and in vivo studies of HD 

(Garbarg, Barbin, Rodergas, and Schwartz, 1990). The findings suggest that a 
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single dose of 20 mg/kg i.p. induces a complete lose in HD activity in cerebral 

cortex and hypothalamus as well as in peripheral tissues of rats. At a dose of 

100 mg/kg alpha-FMH did not alter HMT, DOPA decarboxylase and glutamate 

decarboxylase activities. The maximal decrease occurred after 2 hours in both 

cerebral cortex and hypothalamus but the time course of the recovery of enzyme 

activity was slower in the cerebral cortex. The enzyme activity reached control 

values after three days in the hypothalamus but not fully restored after 4 days in 

cerebral cortex. Contrasting with the diminished HD activity, a substantial 

concentration of HA remained present in five regions of mouse brain. The 

investigators suggested that the HA remaining that was not depleted by the 

alpha-FMH was derived from mast cells (Garbarg et al, 1990). 

Two compartments of the HA pool are thought to exist in the brain, one 

has a rapid turnover and is believed to be derived from neuronal cells in which 

HA plays a role as a neurotransmitter, the other has a very slow turnover and 

may be derived from mast cells, which have low HDC activity and a high HA 

content. The effects of alpha-FMH were investigated on mouse brain as well as 

peripheral tissues skin and stomach with respect to HD activity and HA content 

(Maeyama, Watanabe, Taguchi, Yamatodani, and Wada, 1982). Four hours 

after i.p. administration HD activities were decreased in a dose dependent way 

(1-25 mg/kg) by a maximum of 90-95%. The HA levels in the brain and stomach 

decreased to 50% of control levels whereas the level of the skin did not change 

at all. The time courses of changes in HD activities and HA levels were 

examined. After 25 mg/kg i.p. of alpha-FMH, HD activities all tissues dropped 

rapidly within one hour. Recovery of the HD activities in the stomach and skin 

began within 12 hour but the activity of the brain remained low for 24 hours. 

Both the stomach and brain levels of HA decreased by 50% but the stomach 
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recovered after 12 hours and the brain levels remained low for more than 24 

hours. The HA content of the skin did not change. Since no further decrease in 

HA levels was observed at higher doses of alpha-FMH, these partial decreases 

in brain and stomach and the absence of decrease in the skin are believed to be 

reflective of the nature of HA storage in each tissue as the results are consistent 

with the distribution of mast cells in these tissues. It is therefore concluded that 

alpha-FMH inactivates HD in both mast cells and non-mast cells, but that HA in 

mast cells does not decrease rapidly on i.p. administration of the compound. 

However it may be possible to deplete mast cells of HA by prolonged 

administration over several weeks. 

In a follow up to this study the effect of alpha-FMH was studied on the 

turnover of brain HA of W/Wv mice which are devoid of mast cells (Maeyama, 

Watanabe, Yamatodani, Taguchi, Kambe, and Wada, 1983). In the brains of 

W/Wv mice the HD levels are as high a normal mice but HA levels are 53% of 

normal. Mice were injected i.p. with alpha-FMH (25 mg/kg), after about 6 hours 

50% of the control level of HA levels remained in normal mice whereas HA had 

disappeared almost completely in W/Wv mice. It was concluded that the HA 

content that was depleted by alpha-FMH is derived from non mast cells, most 

likely neural cells. 

The effect of alpha-FMH was studied on locomotor activity and its relation 

to brain HA content in mice. This study was mentioned previously as both 

metoprine and alpha-FMH were compared (Sakai, Onodera, Katzutaka, Yanai, 

and Watanabe, 1992). Five week old mice were injected i.p. with alpha-FMH at 

doses of 12.5 and 50 mg/kg and locomotor activity and rearing were measured 

for 3 minutes, mice were then immediately sacrificed for brain HA determination. 

Significant decreases in locomotor activity were reported at 2-5 hours post 
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injection with corresponding brain HA level decreases. After alpha-FMH 

administration the brain HA content fell to low levels upon the depletion of the 

intrinsic HA pool and the locomotor activity decreased gradually over time. In 

contrast after metoprine administration the HA content rose to high levels due to 

inhibition of degradation resulting in the rapid increase in locomotor activity over 

time. These investigators report that the ICR strain of mouse used in this study 

has been found to be more sensitive to intrinsic HA than other strains of mice 

(Sakai et al,1992) and conclude that the central histaminergic neuronal system 

is involved in the control of this state of locomotor activity and rearing. 

Inhibitory (Passive) Avoidance Paradigm 

Since its development inhibitory (passive) avoidance training has been 

an important paradigm used to study the effects of many pharmacological 

treatments on learning and memory of rodents. The most standard procedure 

involves training an animal to avoid a dark compartment. In this task, an animal 

is placed in a lighted start compartment and allowed to enter the dark shock 

compartment. The animal then receives a footshock and is removed from the 

apparatus. Retention tests are most commonly administered 24-48 hours later. 

The test trial is similar to the training trial in that the animal is placed in the start 

compartment and allowed access to the shock compartment. The latency to 

enter the shock compartment is most commonly taken as the measure of 

retention performance. Long latency to enter is interpreted as good retention 

whereas short latency is taken to indicate poor retention or amnesia. 

There are several advantages to this training task including the fact that 

the response is quickly learned, memory is stable for a substantial time after 

training and the results obtained are like those observed using various other 

tasks (for review of advantages, see Gold, 1986). These features which are 
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unique to the passive avoidance paradigm make it preferable to many other 

training procedures in studies of memory modulation, especially in the 

pharmacological manipulation of memory storage. Through one trial avoidance 

testing it is possible to estimate the time of initiation of the biological events 

which result in "learning", and therefore control the exact time of administration 

of an acute treatment. Since the time of acquisition can be controlled within 

seconds, this procedure also allows assessment of the neurotransmitter or 

hormonal responses immediately after the training events when studying the role 

of endogenous neuroendocrine systems in memory modulation. When choosing 

a strategy to study memory, one trial tasks such as passive avoidance appear to 

be superior for studies of regulatory processes of memory as opposed to 

multitrial tasks (Gold, 1986). If the research question centers on cognitive 

function, however, other behavioral paradigms may be preferable. However, if 

the research question centers on biological processes of memory storage as 

well as the biological and/or pharmacological substrates which regulate those 

processes, then it is important to have a task which rapidly elicits neuronal 

changes that result in behavioral adaptations Thus, the assumption is that brief 

training in a one-trial task elicits brain modifications, whether structural, 

biochemical or physiological, that are reflected in subsequent retention 

performance. Post training modulation of the efficiency of these processes may 

then be reflected as modifications of behavioral performance. 

It is well known that altering the activity of neurotransmitter systems can 

affect memory processing. Since HA is known to function as a central 

neurotransmitter, the goal of this study was to satisfy several of the previously 

mentioned criteria for memory modulatory drugs through pharmacological 

intervention via the histaminergic system. Based on the evidence cited from the 
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literature, the passive avoidance paradigm appeared to be the best tool for that 

purpose. 

Statement of Experimental Problem 

The purpose of the current studies was to determine the extent to which 

histaminergic neurotransmission is involved in the positive modulation 

(facilitation) of acquisition (learning), memory storage, or memory retrieval 

processes. If neural HA systems positively modulate learning or memory 

processes, then it was expected that increasing HA neurotransmission should 

result in facilitated performance in relevant components of one-trial inhibitory 

avoidance performance. Conversely, it was expected that decreasing HA 

neurotransmission should impair relevant aspects of behavioral performance. 

These experimental predictions were evaluated in a series of experiments 

which employed two general approaches to pharmacological modulation of 

neural HA. One approach was to effect physiologic changes in HA release 

though pharmacologic interaction with presynaptic H3 auto receptors (as 

reviewed in the previous sections). The H3 receptor antagonist, thioperamide, 

was used to produce increased HA, whereas the H3 receptor agonist, imetit, 

was used to produce decreased HA. 

A second approach was to effect changes in brain level of HA via 

modulation of its biosynthesis or degradation (as reviewed in the previous 

sections). Npha-FMH, an inhibitor of histidine decarboxylase, was used to 

interfere with biosynthesis of neuronal HA whereas metoprine, a histamine-

methyl transferase inhibitor, was expected to result in accumulation of neuronal 

HA. 
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General Expectations 

If neural HA was involved in modulation of acquisition or memory storage 

processes, then it was expected that experimental drugs presented just prior to 

acquisition of the inhibitory avoidance response should modify subsequent 

retention performance (with drug not present). The pre-training mode of drug 

administration was expected to provide for the presence of drug during initial 

acquisition and memory storage phases occurring immediately thereafter. 

Therefore, modulation of retention performance could be considered to reflect 

facilitation or impairment of either initial acquisition or memory storage 

processes. 

1. It was expected that the H3 antagonist thioperamide would facilitate 

memory processing during the consolidation phase as well during in the 

retention phase. These facilitory effects were not expected to be the result of 

state dependent learning. 

2. It was expected that the H3 agonist imetit would disrupt memory 

processing during the consolidation of memory as well as during the retention 

phase. No effects of state dependency were expected to be detected in 

experiments using imetit. 

3. It was expected that the histamine methyl transferase inhibitor 

metoprine would result in facilitation of memory processing during the 

consolidation phase as well as the retrieval phase. These facilitory effects were 

not expected to be due to state dependent learning. 

4. It was expected that the histidine decarboxylase inhibitor alpha- FMH 

would result in disruption of the consolidation phase as well as the retention 

phase of memory processing. No effects of state dependency were expected to 

be detected in experiments using alpha- FMH. 
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5. It was an overall expectation that the drugs at the doses tested would 

not significantly alter sensitivity to the levels of shock used during training. 

Post-acquisition drug presentation was not feasible due to the pharmacokinetic 

properties of the drugs used, and thus acquisition and memory storage effects 

could not be differentiated in the current experiments. 



CHAPTER II 

GENERAL METHOD 

Animals 

Male Swiss Webster mice (HSD ND4)aged 2-3 months were obtained 

from Harlan Sprague Dawley and housed in the college vivarium for 1-2 weeks 

prior to testing. The mice weighed between 25 and 35 grams with an average 

weight of 30 grams. The mice were housed in groups of five in 30.4 x 18 x 12.8 

cm clear polyethylene cages with food and water ad lib. The colony room is 

maintained at 23 degrees C +/-1 degree C on a normal light dark cycle (12:12) 

beginning at 0800 hour. All testing is conducted on the light portion of the cycle, 

and retention tests will be conducted at the same time of day as original training 

Apparatus and Procedure 

Locomotor activity 

The apparatus for locomotor testing consisted of a Digiscan apparatus 

(Omnitech Electronics, Columbus, OH; Model RXYZCM-16) used to obtain a 

profile of spontaneous locomotor activity components for 12 dependent 

measures for each mouse as a function of drug dose. (Forster,1987). The 

apparatus provided a multivariate profile of activity components for each mouse 

over a 60 minute period under dim illumination in a 40.5 x 40.5 x 30.5 -cm clear 

acrylic apparatus. The motor components were recorded using a microprocessor 

to analyze input from 2 arrays of 16 photocell beams arranged to detect 
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movements in the horizontal plane including average speed, average distance 

per movement, total distance, time involved in horizontal movements, horizontal 

activity and total horizontal movements. An additional array of 16 photocell 

beams was arranged at a fixed height of 7.7 cm above the floor to detect vertical 

movement (rearing behavior). 

Inhibitory Avoidance 

The apparatus used in the passive avoidance paradigm consisted of a 

small illuminated white chamber (5 x 30.5 x 15 cm) and a larger (25 x 30 x 15 

cm) dark chamber separated by a guillotine door (15x15 cm). Both chambers 

had a grid floor wired for scrambled shock from a grid floor shocker (Model E13-

08, Coulbourn Instruments, Allentown, PA). The general procedure involved 

three exposures to the passive avoidance chamber. On the pretraining day, 

each mouse was placed in the lighted side of the apparatus and the latency to 

enter the dark side was recorded. Once in the dark side the mouse was allowed 

to explore for 30 seconds prior to being removed from the apparatus and 

returned to the home cage. This pretraining phase was employed in order to 

dilute the "first exposure effect," allowing the behavior to be directed toward a 

less variable response on subsequent days (This procedure resulted in a 

reduction in variability of the behavioral response that occurs on the training day 

as well as in the step through latency obtained on the test day) 

Training occurred twenty-four hours following the pretraining phase. Mice 

were placed into the lighted compartment and permitted to enter the dark side, 

whereupon a scrambled shock was applied to the grid floor for five seconds. 

Each mouse was subsequently removed and returned to the home cage. The 

latency to enter the dark side was recorded 
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On the retention test day, the mouse was placed in the lighted side of the 

chamber as before and the latency to enter the dark compartment was recorded 

up to a maximum of 300 seconds. 

Shock Sensitivity 

The apparatus for shock sensitivity testing consisted of a small clear 

acrylic chamber (6.5 x 19 x8 cm.). Photocell beams were present at each end 

and a grid floor was wired for scrambled shock from a programmable shock 

source (Model E13-08, Coulbourn Instruments, Allentown, PA). A designated" 

shock" and "safe" side of the apparatus was alternated once every 20 seconds 

throughout each session, and the mouse could minimize the amount of shock 

received by moving a short distance (about 8 cm.) to the safe side with each 

alternation and remaining there for the rest of the 20 second period. The shock 

and safe sides alternate twice at each of seven shock intensities (0, 0.02, 0.04, 

0.08, 0.12, 0.16, and 0.24 mA) which are presented first in an ascending and 

then in a descending series. 

General Procedure 

Parametric experiments were initially conducted using the passive 

avoidance apparatus in order to determine the optimal shock levels and retest 

interval to be utilized in subsequent experiments with drugs. The digiscan 

apparatus was used to determine ranges of biological activity for all of the drugs 

used in the memory experiments, and to determine specific drug doses yielding 

locomotor stimulant or sedative effects. Four to six doses of each drug were 

selected on the basis of the motor activity experiments for subsequent 

assessment using the passive avoidance paradigm. 

The next phase of experimentation examined the effects of these chosen 

doses on the consolidation of memory utilizing the passive avoidance paradign. 
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The next phase further evaluated any dose of the drug which showed an effect 

on the consolidation of memory. The drug effect was assessed on the retrieval 

phase of memory by changing the time of drug administration from "pretraining" 

to "pretesting". 

Any drug dose which produced an effect on the retrieval phase of memory 

was then considered in a test for the presence of state dependent learning 

involving administration of the drug at both "pretraining" and "pretesting" times. 

Finally, the possibility that active doses of each drug produced a modification of 

shock sensitivity was evaluated. 

Statistical Analysis 

All data were analyzed using Fixed-effects, factorial analysis of variance. 

Hypotheses were evaluated using planned individual comparisons between 

control and drug groups. 



CHAPTER III 

PARAMETRIC DATA 

Effect of Shock Intensity on Retention Performance 

A series of parametric studies were carried out to determine the optimal 

parameters for motivation (shock intensity) and retest interval to be used in the 

subsequent experiments. In order to maximize sensitivity for detection of drug-

induced facilitation of acquisition, a level of shock intensity providing low but 

reliable passive avoidance retention performance was to be determined. In 

order to maximize sensitivity for detection of drug-induced impairment, the 

lowest level of shock intensity providing maximal performance was also 

determined. These determinations were made by examining the effect of 

training-day shock intensity upon retention performance 24 hours later in 

separate groups of mice. It was expected that retention performance would 

improve as a linear function of shock intensity. 

Method 

Separate groups of 15 mice per group received passive avoidance 

training as described under general methods using one of 7 shock intensities (0, 

0.08, 0.16, 0.20, 0.24, 0.28, and 0.32 mA). Twenty-four hours following training, 

the retention test was administered and the latency to enter the dark chamber 

was recorded up to 300s. Data were considered in terms of mean latency to 
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enter, mean latency corrected for acquisition latency to enter, or median latency 

to enter the dark chamber. 

Results and Discussion. 

Results are shown in Fig. 1 for all three dependent variables. Retention 

performance improved as a function of shock intensity, as evidenced by the 

shock-related increases in latency to enter. A one-way analysis of variance 

performed on the latency data supported this observation (F, 7.03, p<001) 
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Fig. 1. Latency to enter the dark compartment on a 24-h retention test for 

untreated mice a function of shock intensity. Data are expressed as mean 
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raw latency (± SE), corrected latency (retention-training latency ± SE) or 

median latency) 

Based upon the hock intensity curve in Fig. 1, it was concluded that use 

of median or difference scores differed little from raw latency data in terms of the 

resulting functions. Furthermore, there was little indication of variance 

heterogeneity throughout the range of performance. Based upon these 

observations, raw latency to enter the dark chamber was selected as the 

parameter examined in all subsequent experiments. 

A shock level of 0.08 mA was selected for subsequent experiments in 

which facilitation of performance was predicted. This level of shock was 

sufficient to promote retention at a low enough level to allow room for 

improvement of performance (Fig. 1). Conversely, a level of 0.28 mA. was 

selected for subsequent experiments in which disruption of performance was 

predicted. 

Effect of Retention Interval on Retention Performance 

The purpose of this experiment was to determine the relationship between 

retest interval and retention performance using the 0.08 and 0.28 shock 

intensities selected in the previous experiment This information was to be used 

to determine if retest interval could be manipulated to produce variations in 

performance level for examination of drug effects In addition, it was of interest 

to determine the maximal retest interval that could be used and still afford 

reliable baseline performance, in order to maximize sensitivity and accommodate 

the time required for drug clearance. 
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Method 

Separate groups of 15 mice each received passive avoidance training as 

described under General Methods using one of two shock intensities (0.08 or 

0.28 mA). One, 24, 48, 72, or 168 hours following training, the retention test was 

administered and the latency to enter the dark chamber was recorded up to 

300s. Data were considered in terms of mean latency to enter the dark chamber 

of the apparatus. 

Results and discussion. 

The relationship between retest interval and retention performance (latency to 

enter the dark chamber) is shown in Fig. 2 for mice trained at 0.08 or 0.28 mA 

shock intensities. A 2-way analysis of variance performed on these data 

indicated a significant main effects for shock intensity and retest interval, but 

failed to yield a significant Intensity by Retest interaction (Fs< 1.0). A somewhat 

unexpected finding was the relatively poor performance of mice tested 1-h 

following training. This effect may be attributable to short-term performance-

impairing effects of footshock or may, alternatively, reflect a minimal time period 

required for complete memory consolidation. 

Performance of both shock groups was unchanged from 24 to 72 h, 

although some variation in performance occurred for the 48-h retention tests. 

Performance tended to deteriorate by 168 h following training. Despite variability 

in the 48-h retest data, it was determined that a 48-hour retest interval could be 

used in subsequent experiments in order to allow maximal time for drugs to clear 

prior to the retest. There was no indication that variation in the retention interval 

would offer any advantage when compared with varying shock intensity as a 

means for adjusting the performance baselines. 
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CHAPTER IV 

EXPERIMENT 3 - EFFECT OF THIOPERAMIDE ON LEARNING AND MEMORY 
FOR INHIBITORY AVOIDANCE 

The purpose of experiment three was to evaluate the hypothesis that 

increasing HA neurotransmission would result in facilitation of learning or 

memory performance under the inhibitory avoidance paradigm. In this 

experiment, various doses of the H3 autoreceptor antagonist, thioperamide, 

were administered systemically to separate groups of mice either before or after 

inhibitory avoidance training, with the expectation that an increase in HA 

neurotransmission would be the result. 

Initially, the ability of thioperamide to modify locomotor activity 

components in a closed field was examined within a broad dose range as a 

guide for subsequent dosage selection and to assist in interpretation of the 

inhibitory avoidance data. In order to determine the dose ranges for locomotor 

stimulation or depression with maximal sensitivity, a complete multivariate 

analysis was performed. Thioperamide doses used in the learning and memory 

studies were selected to minimize the potential confounding influence of motor 

stimulant or depressant effects. 

Once appropriate dose ranges were identified, thioperamide was tested 

for its ability to facilitate acquisition or memory storage processes. This was 

accomplished by injecting thioperamide just prior to acquisition of the inhibitory 

avoidance response and testing for subsequent retention performance (with drug 

11 
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not present). The pre-training mode of drug administration was expected to 

provide for enhanced HA neurotransmission throughout initial acquisition and 

memory storage phases. 

Following the acquisition/storage experiments, thioperamide was tested 

for its ability to modulate memory retrieval processes. This procedure consisted 

of injecting thioperamide in previously trained mice just prior to the retention 

test, thereby increasing HA neurotransmission during memory retrieval. The 

possibility of state-dependent effects was considered by testing some groups of 

mice with thioperamide present during both training and retest phases. 

Method 

Animals 

The animals were 128 Swiss Webster mice (Mus musculus) maintained 

under the conditions described under General Methods. 

Drugs 

Thioperamide maleate was obtained from RBI. Because it freely crosses 

the blood brain barrier and is readily soluble in water, it was dissolved in 0.9% 

saline and injected i.p. in a volume of 0.01 ml/g of body weight. A total of 128 

mice were used for 8 doses, with a sample size of 16 mice per dose. 

Locomotor activity 

Dose response data were obtained using the Digiscan apparatus as 

described previously. The mice were injected with 40, 20,10, 5, 2.5,1.25, 0.64, 

0.32 or 0.0 mg/kg and 30 minutes later placed into the automated Digiscan 

chambers for a 1-h session. Horizontal (ambulation), vertical (rearing), and 

stereotypy (small repeated movements) components of locomotor activity were 

each considered in terms of their total duration, number of initiations, and 
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individual counts. In addition, the total distance traversed, average distance per 

movement, and average speed of horizontal movement were analyzed. 

Test for acquisition/memory storage effects 

On the training day, separate groups of 15 mice were injected i.p. with 

0.32, 0.64, 1.25, 2.5, 5,10, or 20 mg/kg thioperamide and, 60 min later, 

received a training trial with an 0.08 mA shock as described in General Methods. 

The mice received no further treatments and were tested for retention 48-h later. 

Test for retrieval effects 

The four doses showing an effect on the acquisition/learning phase were 

evaluated for their effect on the retrieval phase of memory processing. 47-hours 

following training with 0.08 mA shock, separate groups of 15 mice were injected 

with 0.32, 0.64, 1.25, or 2.5 mg/kg of thioperamide and tested for latency to 

enter the dark compartment 1 h later. 

Test for state dependency 

The two doses which initially appeared to demonstrate some effect on the 

retrieval process were assessed for the presence of state dependent learning. 

The same basic procedure was followed as for the consolidation and retrieval 

phases except both doses (1.25 and 2.5 mg/kg ) were administered at both pre-

training and pre-testing times at the same one hour pretreatment interval. 120 

mice were used in this experimental phase since three control groups were 

necessary at each dose, saline-saline, saline-drug, and drug-saline. 

Test for shock sensitivity 

The final phase of the experiment involved shock sensitivity testing with a 

thioperamide dose of 1.25 mg/kg. The procedure involved placement of the 

animal in the apparatus described previously The results were analyzed in 
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terms of percentage of time spent on the safe side of the apparatus as a function 

of shock intensity (ranging from 50 to 100%). 

Results and Discussion 

Locomotor activity 

The results of the locomotor data are shown in Figs. 3 and 4 expressed 

as the12 separate measures sampled over a 60 minute period. The data were 

collected as 6 consecutive 10 minute periods which could be considered 

independently or in clusters at specific periods during which the drug dose was 

most effective. 

For thioperamide, periods 3,4, 5, were averaged as one 30 minute period 

and considered as peak response for each drug dose for statistical analysis. 

These results are represented graphically as a clustering of six horizontal 

measures consisting of average speed, average distance, total distance, time 

involved in horizontal movements, horizontal activity expressed as counts and 

total horizontal movements expressed as initiations (see Fig. 3). The six other 

measures (Fig. 4) are clustered as vertical activity and stereotypy and are 

expressed graphically as, time spent in vertical motion, vertical activity 

expressed as initiations and the number of vertical movements expressed as 

counts. The stereotypy is expressed as time spent in stereotypy movement, the 

number of stereotypy counts and stereotypy movements as initiations. 

One-way analyses of variance for each of the 12 measures of motor 

activity failed to reveal significant effects (all p values > .05), suggesting that 

thioperamide was without major effects throughout a broad dose range. This 

finding indicates that thioperamide could be applied across a wide dose range 

without confounding effects in the possible avoidance paradigm.. 
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Acquisition/memory storage effects 

The results of the acquisition/memory storage experiment are expressed 

as latency to enter the dark compartment in seconds (see Fig. 5). Two of the 

seven doses tested differed significantly from control by exhibiting longer mean 

latencies to enter. 
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Fig. 5. Latency to enter the dark compartment as a function of pretraining 

thioperamide dose. 

An overall ANOVA (p = .001) was performed and Fishers LSD indicated 

that the doses 0.64 and 1.25 mg/kg show pairwise comparisons with control 

probabilities both of p - .02. These findings suggest that a pretraining injection 

of thioperamide at these dosages facilitated memory consolidation which is 
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evidenced by significantly longer latencies to enter the dark compartment on test 

day. 

Retrieval Data 

Of the four doses of thioperamide tested in the retrieval phase none were 

significantly different from the control suggesting that a pretesting dose of 

thioperamide does not facilitate or disrupt the retrieval phase of memory 

processing. 
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Fig. 6. The effect of pretesting dose of thioperamide on latency to enter the dark 

compartment. 

Since the doses 1.25 and 2.5 mg/kg approached significance (p = .08) in 

the retrieval phase, both were evaluated according to the state dependency 

protocol. No statistically significant effects of state dependency were found to 

exist (p < .05) at either dose when compared to the appropriate controls. 
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Shock Sensitivity Data 

The dose of 1.25 mg/kg of thioperamide appeared to be effective at 

facilitation of memory (Fig. 5) and was therefore selected for evaluation 

according to the shock sensitivity protocol. The results indicate that the 

thioperamide group did not significantly differ from the saline control group with 

respect to shock sensitivity across the six levels of shock administered. 
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Fig. 7. The effect of thioperamide on shock sensitivity as a function of the 

percent of time spent on the safe side. 

These results of experiment three suggest that thioperamide, at relatively 

low doses of 0.64 and 1.25 mg/kg can moderately facilitate the acquisition/ 

memory storage phase of memory processing. The digiscan apparatus was 
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used mainly as a screen for side effects of thioperamide and dose range finding. 

Locomotor data suggest that the motor effects at these doses were not 

significant as to influence performance in the passive avoidance paradigm. For 

example 1.25 mg/kg dose appeared to be a very mild motor stimulant in which 

case the mouse may have spent less time in the light chamber "exploring" before 

entering the dark side to receive a shock. Less time may be taken to mean less 

learning or memory consolidation likely to occur during the training period which 

would be reflected as shorter latencies to enter the dark chamber on test day. 

This issue was addressed by comparison of the latencies to enter on the training 

day, where thioperamide groups at all doses showed no significant difference 

from controls. 

The shock sensitivity data also supports the facilitative role of 

thioperamide in memory consolidation. The results suggest that the 

thioperamide neither increases nor decreases the animals sensitivity or aversion 

to the footshock level of 0.08 mA used in the passive avoidance paradigm. For 

example, had there been a significant increase in the sensitivity to the shock 

with thioperamide in their systems, this might have explained the facilitation of 

memory consolidation based on a more potent and "memorable" stimulus. 

The data concerning the effects of thioperamide on the retrieval phase of 

memory processing did not demonstrate significant effects at any dose; however 

the 1.25 mg/kg dose approached significance with a mild facilitory effect. The 

small but statistically non significant motor stimulatory effect may have played a 

role by increasing ambulatory activity while the thioperamide was present in the 

mice on test day which could decrease the latencies to enter the dark side to 

some degree. On the other hand it is possible that the modulatory role of 
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thioperamide may only act through a facilitory mechanism exclusive to the 

consolidation phase of memory processing. 

Since there appeared to be an effect initially of thioperamide on retrieval, 

the state dependency phase of the experiment was carried out for completeness. 

The group which received thioperamide doses on both training and test day did 

not perform significantly better or worse than any of the three control groups, 

suggesting state dependency is not a factor in memory processing involving 

thioperamide. 



CHAPTER V 

EXPERIMENT 4 - THE EFFECT OF IMETIT ON LEARNING AND MEMORY 
FOR INHIBITORY AVOIDANCE 

The purpose of experiment three was to evaluate the hypothesis that 

decreasing HA neurotransmission would result in disruption of learning or 

memory performance under the inhibitory avoidance paradigm. In this 

experiment, various doses of the H3 autoreceptor agonist, imetit, were 

administered systemically to separate groups of mice either before or after 

inhibitory avoidance training, with the expectation that a decrease in HA 

neurotransmission would be the result and that this decrease would affect the 

learning and memory. 

Initially, the ability of imetit to modify locomotor activity components in a 

closed field was examined within a broad dose range as a guide for subsequent 

dosage selection and to assist in interpretation of the inhibitory avoidance data. 

In order to determine the dose ranges for locomotor stimulation or depression 

with maximal sensitivity, a complete multivariate analysis was performed. Imetit 

doses used in the learning and memory studies were selected to minimize the 

potential confounding influence of stimulant or depressant effects. 

Once appropriate dose ranges were identified, imetit was tested for ability 

to disrupt acquisition or memory storage processes. This was accomplished by 

injecting imetit just prior to acquisition of the inhibitory avoidance response and 

testing for subsequent retention performance (with drug not present). 

43 
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The pre-trainirig mode of drug administration was expected to inhibit HA 

neurotransmission throughout initial acquisition and memory storage phases. 

Following the acquisition/storage experiments, imetit was tested for its 

ability to modulate memory retrieval processes. This procedure consisted of 

injecting drug to previously trained mice just prior to the retention test, thereby 

decreasing HA neurotransmission during memory retrieval. The possibility of 

state-dependent effects was considered by testing some groups of mice with 

imetit present during both training and retest phases. 

Method 

Animals 

The animals were 128 Swiss Webster mice (Mus musculus) maintained 

under the conditions described under General Methods. 

Drugs 

Imetit dihydrobromide was obtained from RBI. Because it freely crosses 

the blood brain barrier and is readily soluble in water, it was dissolved in 0.9% 

saline and injected i.p. in a volume of 0.01 ml/g of body weight. A total of 128 

mice were used for 8 doses, with a sample size of 16 per dose. 

Locomotor activity 

Dose response data were obtained using the Digiscan apparatus as 

described previously. The mice were injected with 5.0, 2.5,1.25, 0.64, 0.32, 

0.16, 0.08, or 0.0 mg/kg and 30 minutes later placed into the automated 

Digiscan chambers for a 1-h session. Horizontal (ambulation), vertical (rearing), 

and stereotypy (small repeated movements) components of locomotor activity 

were each considered in terms of their total duration, number of initiations, and 
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individual counts. In addition, the total distance traversed, average distance per 

movement, and average speed of horizontal movement were analyzed. 

Test for acquisition/memory storage effects 

On the training day, separate groups of 15 mice were injected i.p. with 

0.08, 0.32, 0.64, or 2.5, mg/kg imetit and, 60 min later, received a training trial 

with an 0.28 mA shock as described in General Methods. The mice received no 

further treatments and were tested for retention 48-h later. 

Test for retrieval effect 

The two doses showing an effect on the consolidation phase were 

evaluated for their effect on the retrieval phase of memory processing. 47-hours 

following training with 0.28 mA shock, separate groups of 15 mice were injected 

with 0.32 and 0.64 mg/kg of imetit and tested for latency to enter the dark 

compartment 1 h later. 

Test for state dependency 

The two doses which initially appeared to demonstrate some effect on the 

retrieval process were assessed for the presence of state dependent learning. 

The same basic procedure was followed as for the consolidation and retrieval 

phases except both doses (0.32 and 0.64 mg/kg) were administered at both pre-

training and pre-testing times at the same one hour pretreatment interval. 120 

mice were used in this experimental phase since three control groups were 

necessary at each dose, saline-saline, saline-drug, and drug-saline. 

Test for shock sensitivity 

The final phase of the experiment involved shock sensitivity testing with 

an imetit dose of 0.64 mg/kg. The procedure involved placement of the animal 

in the apparatus described previously. The results were analyzed in terms of 
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percentage of time spent on the safe side of the apparatus as a function of 

shock intensity (ranging from 50 to 100%). 

Results and Discussion 

Locomotor activity 

The results of the locomotor data are shown in Figs. 8 and 9 expressed 

as the12 separate measures sampled over a 60 minute period. The data were 

collected as 6 consecutive 10 minute periods Which could be considered 

independently or in clusters at specific periods during which the drug dose was 

most effective. 

For imetit, periods 3, 4, 5, were averaged as one 30 minute period and 

considered as peak response for each drug dose for statistical analysis. These 

results are represented graphically as a clustering of six horizontal measures 

consisting of average speed, average distance, total distance, time involved in 

horizontal movements, horizontal activity expressed as counts and total 

horizontal movements expressed as initiations (see Fig. 8). The six other 

measures (Fig. 9) are clustered as vertical activity and stereotypy and are 

expressed graphically as, time spent in vertical motion, vertical activity 

expressed as initiations and the number of vertical movements expressed as 

counts. The stereotypy is expressed as time spent in stereotypy movement, the 

number of stereotypy counts and stereotypy movements as initiations. 

There were some significant effects detected on locomotor activity. 

Multivariate analysis was performed and there was a significant main effect for 

all of the horizontal measures at p < .05. Horizontal activity (p = .009), 

Horizontal distance (p = .004), Horizontal time (p = .002) were all 

significantly greater than the control levels. Post Hoc Fishers LSD performed on 

the doses reveals that for horizontal activity doses 1.25 mg/kg (p = .005) and 
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2.5 mg/kg (p = .003) were significantly different from control. For horizontal 

distance doses 1.25 mg/kg (p = .004), 2.5 mg/kg (p = .002), 2.5 mg/kg (p = 

.02) and 5 mg/kg (p = .03) were significant. The time spent in horizontal 

movement measures were significant at doses of 1.25 mg/kg (p = .005), 2.5 

mg/kg (p = .001) and 5 mg/kg (p = .002). The results of the analysis of these 

data suggest a possible effect on ambulation at certain doses which may have 

an effect on performance in the passive avoidance paradigm. 

The stereotypy main effects were all statistically difFerent from the control 

values at p < .05. Further analysis indicates that the doses of 0.64 mg/kg, 1.25 

mg/kg, 2.5 mg/kg and 5 mg/kg were all significantly different from control values 

at (p < .02) with an increase in all measures of stereotypy. The stereotypy is 

expressed as time spent in stereotypy movement, the number of stereotypy 

counts and stereotypy time. 
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Fig. 8. Changes in the horizontal components of locomotor activity (top to 

bottom, left to right) as a function of dose of imetit 
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Fig. 9. Changes in the stereotypy (right, top to bottom) and the vertical (left, top 

to bottom) components of locomotor activity as a function of dose of 

imetit. 
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Acquisition/memory storage effects 

The results of the acquisition/memory storage experiment are expressed 

as latency to enter the dark compartment In seconds (see Fig. 11). Three of the 

seven doses tested differed significantly from control by exhibiting shorter mean 

latencies to enter. 
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Fig. 1. Latency to enter the dark compartment as a function of pretraining imetit 

dose. 

An ANOVA detected an overall effect (p = .001) where three of the four 

doses tested differed significantly from the controls. Fishers LSD test produced 

probabilities for doses of .32 mg/kg (p = .006) .64 mg/kg (p = .000) and 2.5 

mg/kg (p = .009) when compared to controls. These findings suggest that a pre-

training injection of imetit at these doses is disruptive to the consolidation phase 

of memory processing as evidenced by the significantly shorter latencies to 

enter the dark compartment on test day. 
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Retrieval Data 

Of the two doses of imetit tested the analysis of results indicate that 

neither dose differed significantly from the control group with respect to latency 

to enter the dark compartment., suggesting that an i.p. dose of imetit on test day 

neither facilitates nor disrupts the retrieval phase of memory processing. 

Although the results were not statistically significant (p < .05), there did appear 

to be a very slight decrease in the latency to enter the dark at both doses when 

compared to the control group. These effects can be compared (fig. 12) to the 

slight increase in latency produced by the thioperamide doses in experiment 3. 
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Fig. 12. The effect of pretesting dose of imetit on latency to enter the dark 

compartment. 
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Since the dose 0.32 mg/kg appeared to exert a slight effect on the retrieval 

process it was tested according to the state dependency protocol for the sake of 

completeness. No statistically significant effects of state dependency were 

found to exist at this dose when compared to the controls. 

Shock Sensitivity Data 

The dose of 0.64 mg/kg of imetit appeared to be the most efficacious at 

modulation of memory processing and was therefore selected for evaluation 

according to the shock aversion protocol (fig 13). The results indicate that the 

imetit group did not differ significantly from the saline control group with respect 

to shock sensitivity across the six levels of shock administered. 
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Fig. 13. The effect of imetit on shock sensitivity as a function of the percent of 

time spent on the safe side. 
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The results of Experiment 4 suggest that imetit dihydrobromide at 

relatively low doses of 0.32 mg/kg, 0.64 mg/kg, and 2.5 mg/kg can significantly 

disrupt the consolidation phase of memory processing. The locomotor data 

obtained from the digiscan apparatus (used mainly to screen for motoric 

behavioral side effects) indicated that several doses of imetit (1.25 mg/kg, 2.5 

mg/kg and 5 mg/kg) significantly increased motor activity above the level of 

controls. The dose of 0.32 mg/kg and 0.64 mg/kg were not significant with 

respect to any of the horizontal activity measures; however all stereotypy 

measures were significantly increased at 0.64 mg/kg as well as at all higher 

doses tested. This is indicative of an overall increase in the level of activation 

which could have exerted a disruptive effect on the memory consolidation 

process. However significant activation did not occur at 0.32 mg/kg, a dose 

which had a significant disruptive effect on consolidation. Since even a mild 

motor stimulant may result is less time spent exploring the light compartment 

before entering the dark side, less time may be available for learning to take 

place resulting in shorter latencies to enter the dark chamber on test day. This 

issue was addressed by comparison of the latencies to enter on the training day, 

where thioperamide groups at all doses showed no significant difference from 

controls. 

The shock sensitivity data failed to suggest any difference in shock 

aversiveness related to imetit treatment. This further supports the hypothesis 

that the effects of imetit are via a memory processing mechanism involved in the 

consolidation of memory. Had the drug provided some type of "anesthetic" or 

"analgesic" effect the perceived intensity of the foot shock would have been 

diminished causing the event to be perceived "less memorable," resulting in 
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shorter latencies to enter the dark compartment on test day. The results of the 

retrieval phase of the experiment were not statistically significant (p<.05). 



CHAPTER VI 

EXPERIMENT 4 - EFFECT OF METOPRINE ON LEARNING AND MEMORY 
FOR INHIBITORY AVOIDANCE 

The purpose of experiment three was to evaluate the hypothesis that 

increasing HA neurotransmission would result in facilitation of learning or 

memory performance under the inhibitory avoidance paradigm. In this 

experiment, various doses of the histamine methyl transferase inhibitor, 

metoprine, were administered systemically to separate groups of mice either 

before or after inhibitory avoidance training, with the expectation that an 

increase in HA neurotransmission would be the result. 

Initially, the ability of metoprine to modify locomotor activity components 

in a closed field was examined within a broad dose range as a guide for 

subsequent dosage selection and to assist in interpretation of the inhibitory 

avoidance data. In order to determine the dose ranges for locomotor stimulation 

or depression with maximal sensitivity, a complete multivariate analysis was 

performed, metoprine doses used in the learning and memory studies were 

selected to minimize the potential confounding influence of stimulant or 

depressant effects. 

Once appropriate dose ranges were identified, metoprine was tested for 

ability to facilitate acquisition or memory storage processes. This was 

accomplished by presenting metoprine just prior to acquisition of the inhibitory 

avoidance response and testing for subsequent retention performance (with drug 
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not present). The pre-training mode of drug administration was expected 

to provide for enhanced HA neurotransmission throughout initial acquisition and 

memory storage phases. 

Following the acquisition/storage experiments, metoprine was tested for 

its ability to modulate memory retrieval processes. This procedure consisted of 

presenting drug to previously trained mice just prior to the retention test, thereby 

providing the presence of increased HA neurotransmission during memory 

retrieval. The possibility of state-dependent effects was considered by testing 

some groups of mice with metoprine present during both training and retest 

phases 

Method 

Animals 

The animals were 128 Swiss Webster mice (Mus musculus) maintained 

under the conditions described under General Methods. 

Drugs. Metoprine was obtained as a gift courtesy of Burroughs Welcome. 

Metoprine was dissolved in 1.6% tartaric acid (100 mg/ ml) and diluted with 

deionized water 10:1 to a final concentration of 10 mg/ ml in 0.16% tartaric acid 

with further dilutions being made from this stock solution. The vehicle control 

was 0.16% tartaric acid for all experiments using metoprine. A total of 128 mice 

were used for 8 doses, with a sample size of 16 per dose. 

Locomotor activity 

Dose response data were obtained using the Digiscan apparatus as 

described previously. Doses of metoprine tested in the digiscan apparatus 

included 10, 5, 2.5, 1.25, 0.64, 0.32, and 0 16 mg/kg. The mice were injected 

and three hours later placed into the automated Digiscan apparatus which 
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quantifies motor activity for a 1-h session. Horizontal (ambulation) vertical 

(rearing) and stereotypy (small repeated movements) components of locomotor 

activity were each considered in terms of their total duration, number of 

initiations, and individual counts. In addition, the total distance traversed, 

average distance per movement, and average speed of horizontal movement 

were analyzed. 

Test for acquisition/memory storage effects 

On the training day, separate groups of 15 mice were injected i.p. with 

0.16, 0.64, 2.5, 5.0, or 10 mg/kg metoprine and, three hours later, received a 

training trial with an .08 mA shock as described in General Methods. The mice 

received no further treatments and were tested for retention 48-h later. 

Test for retrieval effects. 

The two doses showing an effect on the consolidation phase were 

evaluated for their effect on the retrieval phase of memory processing. 47-hours 

following training with .08 mA shock, separate groups of 15 mice were injected 

with 2.5 and 5.0 mg/kg of metoprine and tested for latency to enter the dark 

compartment 3 h later.. 

Test for state dependency 

The two doses which initially appeared to demonstrate some effect on the 

retrieval process were assessed for the presence of state dependent learning. 

The same basic procedure was followed as for the consolidation and retrieval 

phases except both doses 2.5 and 5.0 mg/kg were administered at both pre-

training and pre-testing times at the same one hour pretreatment interval. 120 

mice were used in this experimental phase since three control groups were 

necessary at each dose, saline-saline, saline-drug, and drug-saline. 
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Test for shock sensitivity 

The final phase of the experiment involved shock sensitivity testing with a 

metoprine dose of 5.0 mg/kg. The procedure involved placement of the animal 

in the apparatus described previously. The results were analyzed in terms of 

percentage of time spent on the safe side of the apparatus as a function of 

shock intensity (ranging from 50 to 100%). 

Results and Discussion 

Locomotor activity 

The results of the locomotor data are shown in Figs 14 and 15. expressed 

as the12 separate measures sampled over a 60-minute period. The data were 

collected as 6 consecutive 10-minute periods Which could be considered 

independently or in clusters at specific periods during which the drug dose was 

most effective. 

For metoprine, periods 3, 4, 5, were averaged as one 30 minute period 

and considered as peak response for each drug dose for statistical analysis. 

These results are represented graphically as a clustering of six horizontal 

measures consisting of average speed, average distance, total distance, time 

involved in horizontal movements, horizontal activity expressed as counts and 

total horizontal movements expressed as initiations (see Fig. 14) 

The six other measures (Fig. 15) are clustered as vertical activity and stereotypy 

and are expressed graphically as, time spent in vertical motion, vertical activity 

expressed as initiations and the number of vertical movements expressed as 

counts. The stereotypy is expressed as time spent in stereotypy movement, the 

number of stereotypy counts and stereotypy movements as initiations. 
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One-way analyses of variance for each of the 12 measures of motor 

activity failed to reveal significant effects (all p values > .05), suggesting that 

thioperamide was without major effects throughout a broad dose range. This 

finding indicates that thioperamide could be applied across a wide dose range 

without confounding effects in the possible avoidance paradigm. 
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bottom; left to right) as a function of dose of metoprine. 
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Acquisition/memory storage effects 



62 

The results of the acquisition/memory storage experiment are expressed 

as latency to enter the dark compartment in seconds (see Fig. 16). None of the 

doses tested differed significantly from control values. However 5 mg/kg 

approached significance and was therefore chosen as the dose for the next 

phase of experimentation. 
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Fig. 16. Latency to enter the dark compartment as a function of pretraining 

metoprine dose. 
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Retrieval Data 

Two doses of metoprine 2.5 and 5.0 mg/kg were selected for evaluation 

according to the retrieval protocol. Analysis of the results indicate that neither 

dose differed significantly from the control group with respect to latency to enter 

the dark compartment (fig. 17), suggesting that an i.p. dose of metoprine on test 

day, neither facilitates nor disrupts the retrieval phase of memory processing.. 
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Fig. 17. The effect of pretesting dose of metoprine on latency to enter the dark 

compartment 
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Shock Sensitivity Data 

A dose of metoprine 5 mg/kg was evaluated according to the shock 

aversion protocol. Analysis of the results of the shock sensitivity data 

demonstrates a statistically significant difference in the metoprine group when 

compared to the control group. These results suggest an increased sensitivity to 

shock when metoprine is present in the mice. The shock level of 0.08 mA which 

was used in the passive avoidance paradigm was significantly different from the 

control value (p <05). 
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Fig. 18. The effect of metoprine on shock sensitivity as a function of the percent 

of time spent on the safe side. 
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The results of experiment 3 suggest that metoprine at doses tested had 

no significant effects on either the consolidation or retrieval phases of memory 

processing (p< .05). The results of the locomotor data suggest that metoprine at 

the doses tested have no significant effects on motor activity. The shock 

aversion data however demonstrated a significant effect of metoprine on shock 

sensitivity. Metoprine appears to increase sensitivity to shock especially at the 

0.08 ma level. Had the results of the consolidation phase of the experiment 

been significant for longer latencies this effect would have been implicated in the 

interpretation of the results. 



CHAPTER VII 

EXPERIMENT 6 -EFFECT OF ALPHA-FMH ON LEARNING AND MEMORY 

FOR INHIBITORY AVOIDANCE 

The purpose of experiment three was to evaluate the hypothesis that 

decreasing HA neurotransmission would result in disruption of learning or 

memory performance under the inhibitory avoidance paradigm. In this 

experiment, various doses of the histidine decarboxylase inhibitor, alpha-FMH, 

were administered systemically to separate groups of mice either before or after 

inhibitory avoidance training, with the expectation that a decrease in HA 

neurotransmission would be the result. 

Initially, the ability of alpha-FMH to modify locomotor activity components 

in a closed field was examined within a broad dose range as a guide for 

subsequent dosage selection and to assist in interpretation of the inhibitory 

avoidance data. In order to determine the dose ranges for locomotor stimulation 

or depression with maximal sensitivity, a complete multivariate analysis was 

performed. Alpha-FMH doses used in the learning and memory studies were 

selected to minimize the potential confounding influence of stimulant or 

depressant effects. 

Once appropriate dose ranges were identified, alpha-FMH was tested for 

ability to disrupt acquisition or memory storage processes. This was 

accomplished by presenting alpha-FMH just prior to acquisition of the inhibitory 

avoidance response and testing for subsequent retention performance (with drug 

not present). The pre-training mode of drug administration was expected to 

provide for enhanced HA neurotransmission throughout initial acquisition and 

memory storage phases. 
66 
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Following the acquisition/storage experiments, alpha-FMH was tested for 

its ability to modulate memory retrieval processes. This procedure consisted of 

presenting drug to previously trained mice just prior to the retention test, thereby 

providing the presence of increased HA neurotransmission during memory 

retrieval. The possibility of state-dependent effects was considered by testing 

some groups of mice with alpha-FMH present during both training and retest 

phases. 

Method 

Animals 

The animals were 128 Swiss Webster mice (Mus musculus) maintained 

under the conditions described under General Methods. 

Drugs 

Alpha-FMH was obtained as a gift courtesy of Merk, Sharp and Dohme. 

Because it freely crosses the blood brain barrier and is readily soluble in water, 

it was dissolved in 0.9% saline and injected i.p. in a volume of 0.01 ml/g of body 

weight. A total of 128 mice were used for 8 doses, with a sample size of 16 per 

dose. 

Locomotor activity. 

Dose response data were obtained using the Digiscan apparatus as 

described previously. The mice were injected with 80, 40, 20,10, 5, 2.5, or 0.0 

mg/kg and four hours later placed into the automated Digiscan chambers for a 1 -

h session. Horizontal (ambulation), vertical (rearing), and stereotypy (small 

repeated movements) components of locomotor activity were each considered in 

terms of their total duration, number of initiations, and individual counts. In 
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addition, the total distance traversed, average distance per movement, and 

average speed of horizontal movement were analyzed. 

Test for acquisition/memory storage effects 

On the training day, separate groups of 15 mice were injected i.p. with 5, 

10, 20, 40, or 80 mg/kg thioperamide and, four hours later, received a training 

trial with an 0.28 mA shock as described in General Methods. The mice received 

no further treatments and were tested for retention 48-h later. 

Test for retrieval effects 

The two doses showing an effect on the consolidation phase were 

evaluated for their effect on the retrieval phase of memory processing. 47-hours 

following training with 0.28 mA shock, separate groups of 15 mice were injected 

with 10 and 20 mg/kg of alpha-FMH and tested for latency to enter the dark 

compartment 4 h later.. 

Test for shock sensitivity 

The final phase of the experiment involved shock sensitivity testing with a 

alpha-FMH dose of 10 mg/kg. The procedure involved placement of the animal 

in the apparatus described previously. The results were analyzed in terms of 

percentage of time spent on the safe side of the apparatus as a function of 

shock intensity (ranging from 50 to 100%). 

Results and Discussion 

Locomotor activity 

The results of the locomotor data are shown in Figs. 19 and 20 

expressed as the12 separate measures sampled over a 60 minute period. The 

data were collected as 6 consecutive 10 minute periods Which could be 
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considered independently or in clusters at specific periods during which the 

drug dose was most effective. 

For alpha-FMH, periods 4, 5, 6, were averaged as one 30 minute period 

and considered as peak response for each drug dose for statistical analysis. 

These results are represented graphically as a clustering of six horizontal 

measures consisting of average speed, average distance, total distance, time 

involved in horizontal movements, horizontal activity expressed as counts and 

total horizontal movements expressed as initiations (see Fig. 19) 

The six other measures (Fig. 20) are clustered as vertical activity and stereotypy 

and are expressed graphically as, time spent in vertical motion, vertical activity 

expressed as initiations and the number of vertical movements expressed as 

counts. The stereotypy is expressed as time spent in stereotypy movement, the 

number of stereotypy counts and stereotypy movements as initiations. 

One-way analyses of variance for each of the 12 measures of motor 

activity failed to reveal significant effects (all p values > .05), suggesting that 

alpha-FMH was without major effects throughout a broad dose range. This 

finding indicates that thioperamide could be applied across a wide dose range 

without confounding effects in the possible avoidance paradigm. 
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Acquisition/memory storage effects 

The results of the acquisition/memory storage experiment are expressed 

as latency to enter the dark compartment in seconds (see Fig.21) The results of 

the consolidation phase of the experiment are expressed as the latency to enter 

the dark side of the compartment at the 48 hour interval on test day. Five doses 

of alpha-FMH were assessed in the passive avoidance paradigm. The ANOVA 

revealed (p = .408) no main effect and none of the five doses (5, 10, 20, 40 and 

80 mg/kg) evaluated differed significantly from the control group. These results 

suggest that a pretraining dose of alpha-FMH neither facilitates nor disrupts the 

consolidation phase of memory processing at the dose tested. 
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Retrieval Data 

Two doses off alpha-FMH 10 and 20 mg/kg were selected for evaluation 

according to the retrieval protocol. Analysis of the results indicate that neither 

dose differed significantly from the control group with respect to latency to enter 

the dark compartment. 
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Fig. 22. Effect of pretesting dose of alpha-FMH on latency to enter the dark 
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Shock Sensitivity Data 

A dose of 10 mg/kg of alpha-FMH was selected for evaluation according 

to the shock aversion protocol. The results indicate that the alpha-FMH group 

did not differ, significantly from the control group with respect to shock sensitivity 

across the six levels of shock administered. 
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The results of experiment 4 suggest that the doses of alpha-FMH 

appeared not to have significant effects on either the consolidation or the 

retrieval phase of memory processing. The results of the locomotor testing 

indicate that alpha-FMH has no significant effects on motor activity across a 

wide range of doses although there appeared to be a slight activation effect at 

the lower dosages suggesting some biological activity. 



CHAPTER VIII 

GENERAL DISCUSSION 

As can be assumed by reviewing each of the expected outcomes, 

the overall expectation was that the presence of neuronal histamine at increased 

extra cellular levels would facilitate memory while at decreased levels, memory 

would be disrupted. Since these expectations were not fully met, histamine's 

role in memory processing must be explained in accordance with the results 

obtained. 

Facilitation of a memory task (memory facilitation) occurred with 

thioperamide when injected prior to learning , but not when injected prior to the 

retrieval phase of memory processing. This suggests that thioperamide, known 

to increase histamine levels via its action at the H3 autoreceptor, exerts its effect 

via some mechanism which exclusively affects the consolidation process. This 

same action is not sufficient to produce facilitation in the retrieval of previously 

laid down memory traces. Facilitation of memory acquisition / storage was 

demonstrated in experiment 3, at low doses of 0.64, and 1.25 mg/kg i.p. of 

thioperamide. Previous investigators (Kamei et al, 1993.) showed that 

thioperamide (5 mg/kg i.p.) produced no significant change in response latency 

in rats in a different memory retrieval paradigm. One possible explanation may 

be that the effects for thioperamide may appear only at the lower doses which 

were not investigated by Kamei et al. Our effects were obtained in the 

acquisition / storage phase of memory acquisition as opposed to the retrieval 
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phase. Our lack of significant effect in the retrieval phase however, is supportive 

of the previous authors findings. Our effects were obtained on mice which may 

respond at lower doses of thioperamide than rats. Doses of 1 mg/kg i.p. of 

thioperamide have been shown to produce significant effects on HA turnover in 

vivo in brain (Oishi et al,1989). 

Other investigators have demonstrated that low doses of thioperamide 

(0.02, 0.2, and 2 mg/kg i.p.) in rats significantly improve performance in tasks 

involving the acquisition / learning phase of memory processing (Barnes et 

al,1992). These results are supportive of our current as well as our previous 

findings involving mice and the effect of chronic thioperamide (2 mg/kg i.p.) on 

facilitation of cognition in both T- maze and measures of spatial learning in the 

water maze (Krug et al, 1995). 

Significant disruption of memory occurred with imetit when present 

during the acquisition / storage phase but not when administered prior to the 

retrieval phase of memory processing. This suggests that imetit, known to act at 

the H3 autoreceptor to decrease histamine levels, facilitates memory via some 

mechanism which exclusively involves the acquisition / storage process. As in 

the case of thioperamide, this same action at H3 receptors is not sufficient to 

modulate memory retrieval, suggesting that the effects of neuronal histamine are 

important in the formulation of the memory rather that in the retrieval of the 

previously formed memory. The results of experiment 4 suggest a disruptive 

effect on the acquisition / storage phase of memory processing at low doses 

(0.32, 0.64. and 2.5 mg/kg i.p.) Locomotor data suggest that imetit is 

biologically active as a mild stimulant at doses of 1.25, 2.5, and 5 mg/kg i.p. 

There have been no previous reports in the literature investigating imetit in 
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receptor agonist produced a maximal decrease in brain HA at an ED 50 of 0.5 

+/- 0.2 mg/kg when given i.p. (Garbarg,1992). Although actual determination of 

brain HA levels was not done, these findings correlate well with our results 

suggesting that it is this decrease in neuronal HA at the 0.32 and 0.64 mg/kg 

doses which is responsible for the maximal disruptive effect on memory 

consolidation. 

The results of experiment 5 using metoprine also did not support the 

previous reports in the reference literature involving locomotor activity. 

Significant effects on locomotor activity were not observed following any dose of 

metoprine, whereas a previous study showed an increase in locomotor activity 

in 5 week old mice following 4 and 8 mg/kg (Sakai et al,1992). Several 

possible explanations may account for this difference in results. The protocol 

used by Sakai et al for locomotor data collection involved only a 3-minute 

session rather than measurements over one hour. The age of the mice tested 

may also be a factor since 5-week-old mice may respond differently to drugs 

than the 3-month-old mice used in the current study. Furthermore the specific 

ICR strain of mice used in the previous study was reported to be more sensitive 

to intrinsic HA than other strains of mice (Sakai et al, 1992). 

Based upon review of the literature, the current studies are the first to 

evaluate the effects of metoprine on memory processing. Our results suggest 

that the drug, at the doses used here, shown previously (Hough et al, 1986) to 

produce massive increases in brain HA levels, does not modulate memory 

processing in mice. One possible explanation may be that this drug has effects 

unrelated to the increased HA levels, which may somehow be responsible for 

masking any memory facilitation which may have occurred. Another possibility is 

that the expected increase in brain HA levels was not produced at the doses 
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administered. The increased levels may not have occurred at the synapse, but 

only intraneuronally, therefore actual comfirmational levels of HA following 

metoprine particularly using microdialysis would help resolve this question. 

Alpha-FMH, a histidine decarboxylase inhibitor which is known to slowly 

deplete levels of neuronal histamine over a peak time of 6-12 hours also failed 

to produce a significant effect on memory processing when given prior to the 

acquisition / learning or retrieval phases of memory processing. The results of 

experiment 6 using alpha-FMH demonstrated no significant effect on locomotor 

activity. Our locomotor results are in conflict with previous investigators findings 

who demonstrated a significant decrease in locomotor activity 2-5 hours post 

injection (Sakai et al,1992). These differences can possibly be accounted for by 

the same explanation as given in the experiment involving metoprine, i.e. 

differences in the mouse strain or testing protocol. Based upon review of the 

literature, the current studies are the first to consider the effects of alpha-FMH 

on memory processing. One possibility for the lack of effect, is that the expected 

decrease in brain HA levels was not produced at the doses administered or that 

the decrease produced was largely intra neuronally with extra cellular levels at 

the synapse being unaffected. Actual comfirmational levels of HA following 

alpha-FMH would help resolve this question. 

One possible explanation for the overall pattern of effects obtained in the 

experiments focuses on the possibility that the H3 postsynaptic receptors, rather 

thanH3 autoreceptors, may modulate learning and memory. Actions of agents 

at the H3 receptors may not be limited to presynaptic autoreceptor effects. The 

existence of H3 receptors at postsynaptic sites opens up the possibility that HA 

agonists and antagonists produce their effects on learning and memory via 

specific action at this site. Considering the effects obtained with thioperamide 
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and imetit within this framework would suggest that their modulatory effects do 

not necessarily lie in their ability to globally alter HA neurotransmission, since 

global changes in HA levels by metoprine and alpha-FMH failed to modulate 

memory in mice in our inhibitory avoidance papadigm. 

This lack of effect of globally altering HA levels via enzyme inhibition may 

be explained also by histaminergic effects obtained at the H1and H2 receptor 

subtypes. At a given dose of HA it is possible that the net effect of HA on the H3 

receptors is canceled out as a result of the summation of the potentially 

opposing effects of HA at the H1and H2 sites. Assuming that the net effects of 

any altered HA neurotransmission is canceled out at the H1 and H2 sites, one 

possible follow up experiment to demonstrate this effect would involve blockage 

at the H1 and H2 sites along with selective stimulation of the H3 sites in order to 

further unmask these postsynaptic effects. We would expect an enhanced 

facilitation or disruption of learning and memory with the drugs thioperamide and 

imetit respectively. 

Another possible explanation for the results obtained centers around the 

method of HA manipulation. The agents metoprine and alpha-FMH which 

globally modulate the HA levels, failed to affect learning and memory. However, 

physiological modulation of HA neurotransmission via the H3 presynaptic 

receptors maybe necessary and sufficient to modulate learning and memory 

processes. This may be accomplished via an intact physiological signaling 

system which responds within narrow parameters either to turn on or off 

necessary biochemical pathways. Evidence for this is provided by the dose 

effect curves for the locomotor data as well as the inverted U- shaped pattern of 

results obtained at lower doses of H3 drugs. The system may be a very 

sensitive one, where a subtle change in dose produces a significant response. 
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In the case of alpha-FMH and metoprine, the system was disrupted by the 

enzymatic inhibition and although the HA levels may be altered dramatically, a 

physiologically intact modulation of HA may not occur. It is thus possible that 

HA neurotransmission or turnover is more important in learning and memory 

than the actual HA levels present intra- and extra- neuronally. With this in mind 

it is possible that merely altering HA levels results in no measurable effect due 

to the previously mentioned canceling out effect at H1 andH2 sites. However 

with physiological modulation via the H3 autoreceptor it is possible that some 

form of selective stimulation or blockage may be produced at H1 or H2 sites via 

this signaling, allowing the modulation to result in a measurable net effect.. 

A logical follow up to the current experiments would involve the actual 

quantification of the brain HA levels produced by each drug. This would allow 

clarification of whether actual levels of HA are relevant to the modulation of 

learning and memory. We speculate that the actual levels of HA did not 

correspond to changes in learning and memory, and it is established that H1 

and H2 effects cancel one another out. This could be demonstrated by 

selectively blocking at either H1 or H2 sites and if we still obtain no effect on 

learning and memory then we must assume that the actual levels of HA are only 

important in the presence of an intact physiological signaling system for the 

effective modulation of learning and memory. 

The results obtained clearly demonstrated that H3 selective drugs 

modulate acquisition (learning) and/or memory storage processes. The effects 

of the drugs were not significant in modulation of memory retrieval and the 

drugs did not result in state-dependent effects. Several potential follow up 

experiments would allow isolation of the critical determinants of memory 

processing. Because the drugs were administered prior to training in all cases, 
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and were still present for several hours after training, it is possible that both 

acquisition and storage components were affected. Post acquisition 

administration of the drugs would isolate any obtained effects to the storage 

phase. This approach necessitates an i.e.v. administration due to the long 

pretreatment times involved in obtaining adequate brain levels with i.p. 

injections. Another approach would be a repeated trials acquisition paradigm, 

where the number of trials to a specific criterion level of performance would be 

used as an index of learning (acquisition). A second approach to defining the 

role of the learning component would be the use of a one hour vs. 48 hour 

retest interval. At one hour postraining, the recently acquired learning has not 

had adequate time for storage to occur. Therefore, one could interpret any 

changes in performance as the result of modulation of the learning acquisition 

component. Evidence of the demands of the one hour retest interval with the 

inhibitory avoidance paradigm can be seen in the results of the retest interval 

portion of the parametric data. (Fig. 2) Performance is poorer at one hour post 

training suggesting memory storage has not occurred. An alternative 

explanation for this would be that the increased sympathetic stimulation after the 

shock has not had sufficient time to resolve in the one hour between training and 

has had a disruptive effect on memory If this effect was present in our results, 

one would have expected that 0.28 mA would have produced a shorter latency 

closer to the 0.08 mA level at test time. Instead the results appear uniformly 

different as at the other retest intervals examined. 

In the process of isolation of the results to the drug effects on learning 

acquisition or memory storage, we must consider the possible effects of non 

cognitive factors on performance. Imetit significantly increased motor activity at 

S^y^ral doses tested. However the doses 0 32 and 0.64 did not show a 
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significant increase in motor activity but were effective in memory modulation 

suggesting that the motor effects were not responsible for the results obtained in 

the inhibitory avoidance paradigm. Had the drug produced shorter latencies in 

the training phase, there may have been less time available for learning to 

occur. However, comparison of the drug treated to control group for training 

latencies suggested no difference. The retrieval data for imetit were not 

significant, suggesting that an increase in motor activity was not a factor in 

performance in either situation. 

Another potential source of confounding of data is the drug effect on 

shock aversiveness by the mice. Metoprine was the only drug to significantly 

affect shock aversiveness. However, the increased aversiveness failed to result 

in improvement of retention performance in metoprine-treated mice. 

Finally, since HA is known to be involved in the activation of arousal 

mechanisms responsible for the vigilance of attention (Sakai et ai,1991), our 

results must be considered in terms of this theoretical framework. Attention can 

be viewed as either the ability to filter out irrelevant stimuli in the environment or 

the ability to focus on the salient features of the environment. Allocation of 

attention requires a certain required level of wakefulness in order to be 

effective. The allocation of attention is the necessary initial component for the 

successful formation of memory. Attention / vigilance effects could explain the 

pattern of effects following selective H3 agents. Drugs which enhance 

wakefulness and the vigilance of attention result in facilitated memory 

performance. Our data, however, suggest that an increase in activation was 

obtained using imetit which is known to decrease HA neurotransmission. This 

increased activation during the training phase did not result in improved 

performance but in poorer performance. This suggests that the increased level 
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of activation effects of imetit were not significant to produce facilitation of 

memory processing . A follow up experiment could control for the effects of the 

increased activation of attention by post training i.e.v. drug administration. It is 

likely that there is an optimal level of attentional activation however if this level is 

exceeded, the benefits to memory processing do not occur. 
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