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ABSTRACT

Methods for detection and micro-quantitation of 

endogenous piperidine were applied for the first time 

to brain tissue of sleeping and active hamsters. Piper

idine levels in dormant hamsters were over three times 

that of active hamsters. In addition, a 40-fold increase 

in the general piperidine level was found which is high

er than earlier reports with mice.
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INTRODUCTION

Piperidine, possessing acetylcholine and nicotine- 

like properties, is found in the peripheral nervous sys

tem, in urine, and in the mammalian brain (8). Utiliza

tion of this drug for tranquilizing schizophrenic patients 

has prompted extensive investigations into its mechanism 

(11). The brain, unlike the muscular and kidney systems, 

does not rest during sleep. Rather, sleep is a very active 

phenomenon. The neural structors responsible for sleep 

are primarily, if not exclusively, located in the lower 

brain stem (9),To explore the relationship of piperidine 

with this part of the brain, Kataoka et al (10) observed 

the distribution of piperidine in mongrel dogs. The six 

regions of dog brain were studied for piperidine concen

trations following intravenous injections of amobarbitol. 

Their findings indicate the greatest ratio of mg plper- 

idine/g brain tissue exists in the brain stem and closely 

associated areas. They speculated that piperidine may 

participate in synaptic transmission in the cerebellum 

and may affect synaptic mechanisms in the central nervous 

system as well as influence motor function. Abood and 

others (1) injected tritium-labelled piperidine Intra

venously to rabbits to further study the distribution 

of piperidine in the different brain regions. They found 

the greatest concentration of piperidine in the caudate
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nucleus. The quadrlgemmina” had the next highest concen

tration. The occurance of piperidine in normal mammalian 

brain and Its relationship to the brain stem establishes 

its involvement In meatollc activities with the central 

nervous system.

Two theories have been pursued in an effort to 

explain the presence of piperidine in our metabolism. 

First, when pipecollc acid, a normal constituent of the 

mammalian brain, is placed in brain tissue with decar

boxylase, piperidine is produced suggesting an endogenous 

piperidine (3,8,12,14,15). Secondly, in plants piperidine 

and other cycloalkylamines are derived from lysine, orn

ithine, and proline (10). An exogenous source of piper

idine can then be conceived to pass through the intestinal 

flora which converts decarboxylate lysine to cadaverine. 

The latter product is de-aminated and cyllzed to form 

piperidine, The second theiry could explain the presence 

of piperidine in the urine and the former theory its 

presence in the nervous system.

To develop possible reasons for the presence of 

piperidine, Stepita-Klauco and others (15) explored the 

possibility that the level of piperidine in mammalian 

brain changes during restful sleep and normal activity. 

They measured piperidine levels in dormant and active
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mice through mass spectrometry. They found that piperidien 

concentration in the brain rose during dormancy to 36.6 

+ 6.35 pmole/mg (N=1O), compared to 2.00+ O.55 pmole/mg 

(N=10) found in active animals. This unexpected increase 

in piperidine concentration in dormant mouse brain ex

ceeded several times any previously reported concentration 

of piperidine in the body (15). The piperidine content 

found in active mice, however, concurs well with the 

measurements of others (15).

My study was intended to extend our knowledge by 

focusing on changes in piperidine concentration in brain 

tissue of dormant and active hamsters.



LITERATURE REVIEW

Honegger and Honegger (8) showed on the basis of 

gas chromatographic evidence that both bound and unbound 

amines are present in the brain of humans, pig, and salmon 

roe. In later work they extracted unbound volatile amines 

from mammalian brain using tissues of cat, pig, and man. 

Among the amines liberated were methylamine, ethylamine, 

pyrrolidine, piperidine, dimethylamino ethanol. Distil

lation and gas chromatography separation techniques were 

utilized along with three different extraction methods.

In order to obtain a more accurate picture in the dist

ribution of piperidine in the brain, Abood et al. (1) 

injected tritium-labelled piperidine into rabbits and 

determined the piperidine level in the different brain 

regions. The greatest concentration of piperidine occurred 

in the caudate nucleus. The quadrigemmina containe the 

next greatest concentration of piperidine. The rest of 

the drug was uniformly distributed in other segments of 

the brain.

An entire cat brain was studied for amines by Perry 

and coworkers (18) by combining ion exchange and paper 

chromatography. Eleven amines were detected Including 

piperidine and six unidentified bases. They concluded 

that the major amine constituents of cat brain from a 

quantitative point of view are putrescine, spermidine, 

ethanolamine, and piperidine.
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Jouvet (9) explored the neurophysiology of the 

states of sleep. He found that the sleep-inducing struc

tors are probably limited to the brain stem and that 

the pontine tegmentum triggers the phenomenon of sleep.

Kase* and others (13) compared the pharmocological 

activities of piperidine with those of other amines.

They observed acute toxic symptoms in mice and mongrel 

dogs injected intravenously with doses ranging from 250- 

300 mg piperidine/kg body tissue. At lower doses (10- 

100 mg/kg) respiration was stimulated, pronounced sal

ivation and vomiting developed. Contraction of nictiitat- 

ing membralnes occured followed by relaxation, cyanosis, 

hydriasis, tremor of the whole body, and fasciculation 

at the limbs. At still lower doses severe hyperpnea ap

peared followed by respiratory depression, a sharp rise 

in blood pressure and contraction of the nictitating mem

branes in cats. The contraction was prevented or markedly 

reduced by prior administration of hexamethonium (2 mg/ 

kg body tissue). At the lowest dosages used (0.05-0.50 mg/ 

kg) respiration was stimulated and the blood pressure 

was lowered. Their results indicate that the most pro

nounced action of piperidine is upon respiration and 

blood pressure.

Kase* et al (11) injected piperidine, pyrrolidine, 

and piperazine into mice, rats, and mongrel dogs to study
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the central action of these compounds. The toxic symptoms 

caused by piperidine in mice were sedation with small 

doses, and increase in muscular tone. Tremor and con

vulsions resulted from large doses. Death resulted from 

respiratory paralysis in all cases. A significant pro

longation of hexobarbital sleeping-time was observed 

with doses more than 40 mg piperidine/kg body weight.

The peak effect of the three amines came 30 min. after 

lntraperitoneal administration. All the amines tested 

suppressed the conditioned avoudance response in rats. 

Piperidine, moreover, showed a striking depressing effect 

on fighting behavior along with producing conspicuous 

taming effects on aggressive behavior of rats. All three 

amines caused emesis in dogs but the most effective was 

piperidine. Piperidine and pyrrolidine caused cerebral 

synaptic stimulation at small doses (0.5-2 mg/kg body 

tissue) and depression with large doses (10-20 mg/kg).

The data indicated that Intravenous or intraventricular 

administrations of piperidine Induced cortical de-syn- 

chronization, hippocampal synchronization, and general 

increase in fast wave components. The EEG readings over 

a period of 30 min were observed following doses of more 

than 1 mg piperidine/kg animal tissue. In comparison 

with intravenous piperidine, intraventricular piperidine 

caused a reduction in the threshold stimulus required
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for reticular response at much lower doses.

Kase’ et al. (10) published an Improved method 

for determining micro amounts of piperidine in living 

materials. They employed brain of pig and urine from 

normal students and schizophrenic patients. The recovery 

percentage of piperidine from urine samples was 96.9 

+3.5 per cent. No differences in distributions of amounts 

of piperidine in normal and schizophrenic patients were 

found. The recovery rate for extraction of piperidine 

from the pig brain was 8 per cent. The average amount of 

piperidine was 103+ mg/kg wet weight of the pig brain 

(N=4). This procedure was simple and more sensitive than 

previous methods of piperidine determination. Piperidine 

was converted to the DNP-piperldine derivative and separ

ated by paper chromatography. Piperidine was eluted and 

measured by spectrophotometry. These same authors at

tempted to determeine the distribution of endogenous 

piperidien in dog brain using their improved method for 

piperidine determination (12). The amount of piperidine 

found in the cerebellum was five times higher than that 

present in any other region.

Stepita-Klauco and coworkers (15) reported piperidine 

measurements in mouse brain in relation to change in 

piperieine concentration during variation in behavior
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activity. The piperidine concentration in the brain rose 

during dormancy (restful sleep) to 36.6+ 6.35 pmole/mg 

brain tissue as opposed to 2.00+ 0.55 pmole/mg brain 

tissue found in active animals, Mass spectrometric measure

ments were used in conjunction with thin-layer chroma

tography.



MATERIALS AND METHODS

Twenty hamsters were used. The first ten were 

decapitated following full activity and the second ten 

following normal deep sleep. The latter group was kept 

awake for 16 continuous hours then allowed to sleep for 

2 hours before sacrificing. Within 5 sec after being 

removed from the cage, the animals were killed by de

capitation. The entire hamster brain was removed immed

iately, weighed, and then homogenized in 80 per cent 

ethanol solution (10 ml ethanol/g brain) to de-prontein- 

ize and make an aqueous extract containing the amines.

All procedures were carried out under ice cooling. Con

centrated HCl was added to ethanol and the pH adjusted 

to 2-3. The homogenate was centrifuged for 15 min at 

6,000 rpm in a refrigerated centrifuge set at 0°C. The 

supernatant was removed, and the precipitate was resus

pended in 10 ml ethanol/g brain and recentrifuged twice. 

The three supernatants were then combined. Piperidine and 

the unbound amines were in the ethanol fraction, whereas 

the bound amines were precipitated. The combined super

natants were then concentrated by rotary evaporation at 

60°C. The pH of the concentrated supernatant was then 

adjusted to 11 with IN NaOH and the amines were collected 

by steam distillation in IN HCl. The steam distillation
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separated amines suoh as ammonia and methylamine along 

with piperidine from the other tissue amines. The acidic 

solution was then exaporated to dryness in a rotary evap

orator at 60°C. This residue was dissolved in 40 ml dis

tilled water, neutralized with IN NaOH and changed to a 

DNP-derivative by adding 1 ml of 1-flour-2,4-dinitro- 

benzene solution and 8 ml of NaHCO2/Na2CO^ buffer (pH=10). 

The mixture was heated at 60°C for 20 min and then 3.2 ml 

of 0.2N NaOH solution was added. After additional heating 

for 1 hour, the mixture was diluted with distilled water 

to make 100 ml and then shaken with 100 ml of cyclohexane 

to extract piperidine. The cyclohexane was evaporated to 

dryness and the residue was then completely dissolved in 

a small volume of absolute ethanol. The DNP-amines were 

thus prepared for analysis by reverse-phase descending 

paper chromatography (2,4,5.19)• This procedure involves 

paraffin-treated paper prepared by placing a 24 x 92 cm 

sheet of filter paper (Whatman No. 1) in a tray contain

ing a 10 per cent solution of paraffin oil in petroleum 

ether and allowing the solution of paraffin oil in petro

leum ether and allowing the solution to flow over the 

paper by gently tilting the container from one side to 

the other. The paper was then pressed between two sheets 

of absorbent paper and dried in air, The ethanolic sol

ution was applied to this paraffin-treated paper in two
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separate spots 3 cm apart. A standard solution of pip

eridine was spotted as a control. The solvent used was 

chloroform: methanol: water: paraffin oil (10:10:6:4:). 

The solvent was allowed to descend at room temperature 

(20°C) for about 24 hours. Spots of DNP-amines from 

hamster brain and spots of DNP-piperidine, Rf value of 

which is 0.31, were detected by use of an ultraviolet 

lamp. The spots of DNP-piperidine were cut from the chro

matogram and eluted with acetone (16,1?), The residue 

was redissolved in cyclohexane and the absorption was 

taken by spectrophotometry at 350 nm. A 1.02 x io’9 mole/ 

ml stock solution of DNP-piperidine was made and diluted 

to prepare a standard curve.



RESULTS

The amount of piperidine found in brain tissue of 

each group of hamster is shown in Table 1. The averare 

Mg piperidine/g brain show a 3*5^ increase in dormant 

hamsters as opposed to the active hamsters.

Table 1. DNP-piperidine Recovery from 
Total Brain Tissue of Dormant 

and Active Hamsters

Groupa
Total0 

Brain wt. 
(g)

Average 
Brain wt. 

(g)

Total 
Piper. 

(Mmole)

Average
Piper.

(Mmole/
kg)

Piper./
Brain
(/g/g)

Active 85 8.5 .0546 6.42 4.53

Dormant 80 8.0
a

.182 22.75 15.13

(a) Each group was composed of ten hamsters
(b) Dormant hamsters were allowed to sleep 2 hours 

before decapitation
(c) total wet weight from ten hamster brains

12
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Pig. 1. Standard Curve for 
DNP-plperidine Determination
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DISCUSSION

My data show that piperidine levels in sleeping 

hamsters is 3*5^ times higher than that in active ham

sters. This is less than the 18-fold increase found by 

Stepita-Klauco et al. (15) in mice based on mass spec- 

trometric methods of analysis. This discrepancy may be 

attributed to the amount of piperidine lost in their 

efforts to isolate the drug in its pure form. Kase* et al

(10) showed an 81 per cent recovery of piperidine by 

their Improved method. My application of this particular 

method resulted in a 40-fold increase of piperidine mea

sured in my hamsters when compared to the levels observed 

by others (15) in mice. This increase in piperidine de- 

tecttion with my hamster can be attributed to one of two 

factors. First, by my using the improved method by Kase* 

and others (10) less piperidine was lost in the extraction 

and purification process. Second, the general piperidine 

level in hamsters may be greater in contrast to mice.

I was unable to duplicate their absorption spectrum found 

by Kase’ and coworkers using DNP-derivatives made from 

pure piperidine. The DNP-absorption spectrum according 

to these gentlemen peaked at 350 dropping to zero at 

400 nm. The spectrum provided by Kase* et al. is brought

15
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Into question since I was unable to duplicate results 

using their techniques.

My findings in piperidine levels in brain of dormant 

hamsters parallels results of similiar experimentation.

The rise of this drug in dormant laboratory animals 

suggest that piperidine may be Involved in the sleep- 

wakefulness mechanism of the central nervous system.

At present it is not possible to relate the distribution 

of piperidine to its action on the central nervous system, 

but the information available suggests that it may have 

a role in synaptic transmission in the cerebellum. More 

experimentation along with improved and more reliable 

techniques are needed before an accurate picture of the 

role of piperidine in the central nervous system can be

formulated
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