
desorption; blocked active sites on the 
surface become free from blocking spe- 
cies; glycine in the solid phase becomes 
redissolved and available again for sur- 
face adsorption; and the surface concen- 
tration of glycine can be replenished dur- 
ing the next dehydration stage. The 
smaller, but real, enhancement associat- 
ed with WDTF cycles in the presence of 
bentonite may result from a less efficient 
redistribution process for bentonite than 
for kaolinite (8). 

On going from TF to WDTF cycles, 
total peptide yield increased, as did the 
proportion of large oligomers over small 
ones. In contrast, initial glycine-to-clay 
ratio had no apparent effect on the ulti- 
mate distribution of products among 
oligomers (experiments 3, 5 to 7, 17 to 
20, and 23). Moreover, essentially no 
change occurs in oligomer composition 
after 11 cycles with either WDTF or TF 
cycles. With TF cycles, little or none is 
expected since there exists no redistribu- 
tion mechanism other than slow surface 
diffusion. During WDTF cycles, how- 
ever, redistribution is expected to occur. 
The fact that oligomer composition re- 
mains unchanged after many WDTF cy- 
cles is in accord with the attainment of a 
steady-state composition in which oligo- 
mer formation is balanced by oligomer 
decomposition (9). A plausible reaction 
scheme is shown in Fig. 2. 

If the scheme that we propose is cor- 
rect, and if reactions in the WDTF mode 
included a mixture of amino acids, then 
this model of a fluctuating system may 
produce nonrandom oligopeptides. The 
dynamic balance of peptide bond forma- 
tion and destruction over a large number 
of cycles provides a mechanism for se- 
lective generation of oligomers with non- 
random sequences determined by factors 
characteristic of specific monomers and 
lower oligomers, such as strength of ad- 
sorption to clay, solubility, ease of con- 
densation, stability to hydrolysis, and 
nearest neighbor interactions. Catalytic 
properties of such nonrandom oligomers 
would be of great interest. 

We postulate that, in the prebiotic era 
when monomers were supplied at a rea- 
sonable rate by syntheses, the most fa- 
vorable environment for condensation of 
amino acids, and perhaps for conden- 
sation reactions of other organic mole- 
cules, consisted of one in which diurnal 
fluctuations yielded a wet period during 
the night and a dry and hot period during 
the day. Prolonged dry periods would 
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Histamine has many different effects 
on various cell types, and may serve as a 
neurotransmitter (1). This biogenic 
amine apparently brings about its effects 
by activation of two different receptors 
(H1 and H2) which are distinguished by 
their differential sensitivities to agonists 
(for example, 2-methylhistamine for H1 
and 4-methylhistamine for H2 receptors) 
and to antagonists (for example, pyril- 
amine for HI and metiamide for H2 re- 
ceptors). 

As do many neurotransmitters, hista- 
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mine stimulates the formation of adeno- 
sine 3',5'-monophosphate (cyclic AMP) 
in nervous and other tissues (2). This ef- 
fect is mediated by both HI and H2 re- 
ceptors. Recently, tricyclic antidepres- 
sants were reported to be potent com- 
petitive inhibitors of the H2 receptor- 
mediated response (3). 

In the course of experiments on mus- 
carinic receptor-mediated cyclic GMP 
(guanosine 3',5'-monophosphate) forma- 
tion in cultured mouse neuroblastoma 
cells (4), we found that histamine also 
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Histamine H1 Receptor-Mediated Guanosine 3',5'-Monophosphate 
Formation by Cultured Mouse Neuroblastoma Cells 

Abstract. Incubation of cultured mouse neuroblastoma cells with histamine 
caused a rapid and marked increase in the formation of guanosine 3',5'-mono- 
phosphate (cyclic GMP) by these cells. Receptor agonists for Hl, but not H2, caused 
this effect which was reduced by H1 but not by H2 or muscarinic acetylcholine recep- 
tor antagonists. These results indicate that activation of H1 receptors in these cul- 
tured nerve cells stimulated cyclic GMP formation. 
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1 \I Fig. 1 (left). Time curve for the effect of histamine on 3H-labeled cyclic GMP formation by cultured mouse neuro- I ? 
blastoma cells. The cells (clone NlE-115; subculture 13) (11) were cultured and assayed for cyclic [3H]GMP 

I formation as described (6) except for the following modifications: (i) [8-3H]guanine (1 M final concentration, 
0 1 2 3 10 ,Ci/ml) was used for labeling the intracellular GTP; (ii) Hepes buffer and the phosphodiesterase inhibitor were 
Incubation period not used; and (iii) cyclic [3H]GMP from the cation exchange resin was further fractionated by precipitation with 

with histamine (min) ZnCO3 (12) to remove some contaminants (mainly [3H]GDP and [3H]GTP) (13). Each time point (determined in 
triplicate) had a standard error of the mean - 11 percent. There were approximately 3 x 105 cells and 1 mg of 

protein per assay. Cell counts were determined with a Coulter counter (Model Zf) and proteins were determined by a modification of the method 
of Lowry et al. (14) with bovine serum albumin as standard. Fig. 2 (right). (A) Effects of histamine receptor antagonists on cyclic [3H]GMP 
formation by cultured nerve cells stimulated by histamine and 2-methyhistamine. Mouse neuroblastoma cells (clone NlE-115; subculture 14) 
were assayed for cyclic [3H]GMP formation as described in Fig. 1 except that the precipitation step was not used. In addition, cells were 
incubated for 30 minutes with antagonists prior to the addition of agonists (15) for 30 seconds. There were approximately 3 x 105 cells and 1 mg of 
protein per assay. Each condition was determined in triplicate. Vertical bars represent standard error of the mean. (B) Effect of pyrilamine on the 
histamine dose-response curve. The cells (clone N1E-115; subculture 13) were assayed for cyclic [3H]GMP formation as described in (A). The 
radioactivity recovered from the cation exchange resin in the absence of histamine (average = 1.4 x 104 dpm per 106 cells; range = 1.2 to 1.7 x 
104 dpm per 106 cells) were subtracted from all values. Each point represents the average of duplicate samples. There were approximately 2 x 
105 cells and 600 jug of protein per assay. 

stimulated cyclic GMP formation by 
these cells. Here we describe some of 
the characteristics of this histamine ef- 
fect which is apparently mediated by H, 
receptors. 

Cyclic GMP formation by intact 
mouse neuroblastoma cells (clone N1E- 
115) was determined by an assay tech- 
nique which involves radioactively la- 
beling the intracellular stores of guano- 
sine triphosphate (GTP) and isolating the 
radioactively labeled cyclic GMP that 
was formed. The results with this assay 
technique are comparable to those ob- 
tained with radioimmunoassay (5). 

Histamine caused a rapid and marked 
increase in cyclic [3H]GMP formation by 
mouse neuroblastoma cells with a peak 
around 30 seconds (Fig. 1). This time 
course was very similar to that found for 
muscarinic receptor-mediated cyclic 
GMP formation by this clone in the ab- 
sence of a phosphodiesterase inhibitor 
(6). At maximum concentrations of hista- 
mine, there was a 7- to 50-fold increase 
over the basal rate of cyclic [3H]GMP 
formation (25-fold at the peak in Fig. 1). 
The ED50 (median effective dose) for his- 
tamine ranged from 2 to 5 AM. Like the 
stimulation of cyclic GMP by carbam- 
ylcholine (5), the stimulation of cyclic 
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[3H]GMP formation by histamine was 
markedly dependent on external Ca2+. 

To determine what type of histamine 
receptor participated in this response, 
we tested some H1 and H2 receptor ago- 
nists and antagonists for their effects on 

cyclic [3H]GMP formation by N1E-115 
cells (Fig. 2, A and B). The synthesis of 

cyclic [3H]GMP stimulated by 1 mM his- 
tamine was not altered by 1 ,M metiam- 
ide but was markedly reduced (80 per- 
cent) by 1 iAM pyrilamine. In dose-re- 
sponse curves for histamine 10 ,uM 
metiamide had no effect but pyrilamine 
(Fig. 2B) was a competitive inhibitor 
with an apparent Kd (equilibrium dis- 
sociation constant) of 2 x 10-9M (7). 2- 
Methylhistamine (1 mM) was less potent 
than histamine (1 mM) in stimulating 
cyclic [3H]GMP formation (Fig. 2A). In 
addition, the H1 antagonist complete- 
ly abolished this stimulation. 4-Methyl- 
histamine (1 mM) had no effect on cyclic 
[3H]GMP formation. These data indicate 
that HI receptors mediated the cyclic 
GMP response by these cells. 

Tricyclic antidepressants were also 
potent competitive inhibitors of this his- 
tamine response, with equilibrium dis- 
sociation constants in the range of 10-10 
to 10-7M (8). Tertiary amine tricyclic 

antidepressants were more potent than 
secondary amine compounds, and all 
compounds were more potent at block- 
ing H1 receptors than at blocking mus- 
carinic receptors. In other experiments, 
0.1 fiM atropine, which inhibited by 100 
percent the cyclic GMP response to 
1 mM carbamylcholine, had no effect on 
the response to 0.1 mM histamine. These 
last results indicate that muscarinic re- 
ceptors were not involved in this cyclic 
GMP response to histamine. 

Prior incubation of cells with carbam- 
ylcholine caused a rapid loss in sensitivi- 
ty (desensitization) to subsequent stimu- 
lation of cyclic [3H]GMP formation by 
this cholinergic agonist (4). Specific de- 
sensitization of this muscarinic receptor- 
mediated response was demonstrated by 
showing that histamine-stimulated cyclic 
[3H]GMP formation was only slightly re- 
duced by prior incubation with carbam- 

ylcholine. In these experiments, in- 
cubation of the cells for 30 minutes with 
histamine (0.1 mM) resulted in a greater 
than 90 percent reduction in the response 
to subsequent stimulation by histamine 
(0.1 mM) of the washed cells, whereas 
the response to carbamylcholine was on- 
ly slightly reduced. These results in- 
dicate specific desensitization of the his- 
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tamine response and suggest that hista- 
mine is able to alter the concentration of 
H1 receptors. 

Mouse neuroblastoma clone N E-115 
cells in culture exhibit many properties 
of normal nerve cells (9). The demon- 
stration that histamine stimulated cyclic 
GMP formation in this clone by activa- 
tion of H1 receptors suggests that hista- 
mine also would have this effect on some 
neuronal cell types in vivo. Although this 
point remains to be demonstrated, it has 
been shown that histamine stimulated 
cyclic GMP formation in bovine superior 
cervical ganglia (10). 
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We recently found that, in cats, le- 
sions of the intermediate zone of the nu- 
cleus tractus solitarii (NTS) within the 
medulla oblongata abolish the barore- 
ceptor reflexes (1) and produce labile ar- 
terial hypertension (2). In addition to the 
lability, the cats exhibit exaggerated ar- 
terial pressure responses associated with 
self-initiated behaviors and, in particu- 
lar, with behaviors elicited by the in- 
cidental presentation of various sensory 
stimuli. The exaggerated vascular reac- 
tivity of these cats to sensory stimulation 
suggested to us that perhaps even larger 
and more sustained increases in arterial 
pressure might be produced if the cats 
were deprived of normal baroreceptor 
function by NTS lesions and then clas- 
sically conditioned (Pavlovian condi- 
tioning). These procedures, entailing 
controlled presentation of sensory stimu- 
li that signal the occurrence of a noxious 
event, have been used to produce condi- 
tioned increases of arterial pressure (3). 

Twelve adult mongrel cats of both sex- 
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controlled presentation of sensory stimu- 
li that signal the occurrence of a noxious 
event, have been used to produce condi- 
tioned increases of arterial pressure (3). 

Twelve adult mongrel cats of both sex- 
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es were anesthetized and, under sterile 
conditions, the right common carotid ar- 
tery was cannulated for the subsequent 
recording of arterial pressure and heart 
rate when the cats were awake and unre- 
strained (4). Another cannula was in- 
serted into the right external jugular for 
the injection of drugs. Disk electrodes (1 
cm in diameter) were implanted subcuta- 
neously over the left flank and the right 
chest for the passage of electrical shock 
required by the classical conditioning 
procedure. All wires and cannulas were 
led through a cranial plug to a swivel that 
permitted free movement of the cat with- 
in the cage. The arterial cannula was 
connected to a strain gauge transducer 
for recording blood pressure and heart 
rate by standard methods. 

After a recovery period of 2 weeks the 
baroreceptor reflexes were tested in all 
cats by measuring the reflexively mediat- 
ed decreases of heart rate in response to 
administration of pressor doses of nor- 
epinephrine (0.5 ulg/kg administered in- 
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travenously). After completion of these 
tests and establishment of baseline val- 
ues of arterial pressure and heart rate, 
the cats were reanesthetized, and in six 
of the cats the region of the obex was ex- 
posed and electrolytic lesions were made 
bilaterally in the NTS (5). The other six 
cats, assigned to the control group, were 
similarly operated except that no current 
was passed after the electrodes were in- 
serted into the NTS. Two weeks after 
this operation the tests of the barorecep- 
tor reflexes were repeated and condi- 
tioning of the cats began. 

Both groups were conditioned by the 
same procedure. The conditioning pro- 
cedure was conducted for 30 daily ses- 
sions (five to seven per week). Two 
tones of different frequencies (2222 and 
1136 Hz, referenced to a C-weighted 
scale) were presented randomly during 
each session, each tone being presented 
ten times. The high tones terminated 
with delivery, through the disk elec- 
trodes, of an electrical shock, while the 
low tones were not followed by a shock. 
The voltage level of the shock (50-Hz 
square wave, 10 to 36 V for 1 second) 
was set to elicit an increase in arterial 
pressure of 40 to 50 mm-Hg. At these 
voltage levels discomfort to the cats was 
minimal. The duration of the tones was 
gradually lengthened as training pro- 
gressed. In order to expedite the forma- 
tion of an association between the onset 
of the tone and delivery of the electrical 
shock, the duration of the tone was set at 
10 seconds for sessions 1 to 10. In order 
to test the maintenance of the condi- 
tioned response, the duration of the tone 
was lengthened to 30 seconds for ses- 
sions 11 to 20 and to 60 seconds for ses- 
sions 21 to 30. The intertone interval var- 
ied randomly between 60 and 150 sec- 
onds. 

The conditioned cardiovascular re- 
sponses recorded from each cat were 
sampled at a rate of 50 Hz for processing 
by a digital computer. In order to adjust 
for baseline variations, each conditioned 
response was computed as the change 
relative to the average response level re- 
corded for the 10 seconds just prior to 
presentation of the tone. The number of 
data samples was reduced to 60 values 
by dividing the tone period into 1-second 
intervals and computing the average car- 
diovascular response that occurred dur- 
ing each interval. The same procedure 
was followed for the 10-second period 
following termination of the tone. Each 
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Enhancement of Conditioned Arterial Pressure 

Responses in Cats After Brainstem Lesions 

Abstract. Cats were classically conditioned after the baroreceptor reflexes were 
abolished by bilateral placement of electrolytic lesions in the nucleus tractus soli- 
tarii. The conditioned increases in arterial pressure were more than five times larger 
than the responses obtained in similarly trained controls. This finding suggests that 
the baroreceptor reflexes actively inhibit conditioned increases of arterial pressure. 
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