
EFFECTS OF CYTOPLASMIC 

0 
FIG.  1. Chlordiazepoxide, 20 nrg/kg i.v., de- 

creases duration of discharge in  septum. TJpper 
J’OW is before, lower row 30 inin. after, drug 1115. 
Fii~st  paiiel in each row is before, secolld :tiid third 
panels after, electrical stimulation of area jnclj- 
catect hp arrow. Kote re.cinced amplification in sec- 
ond and t,liircl panels. EEG Icads are hypothalamus, 
hippocampus, amygclala, septum, front a1 ~ i i d  oc- 
c.ipita1 cortex. Payer speed 6 cm/scc. 

FIG. 2. Iproniazid, 5 mg/kg i.v. in eat  pre- 
Ireated f o r  5 clays with 5 ing/kg i.i?., increases 

increases aggressiveness, reduced activity of 
this area might have a psychodepressant ef- 
fect. 
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We found that chlordiazepolxide at  10 mg:’ 
kg i.v. had. depressant effects on septum. 
amygdala and hippocampus. In other tests, 
this compound was found to be more potent 
than meprolbamate in depressing the irrita- 
bility of rats with septa1 lesions, and in re- 
ducing the aggressiveness of vicious monkeys 
(4) .  In the clinic, this agent “reduces anxiety 
and agitation but does not cloud colnsciousness 
or impair intellectual function”( 5) .  Perhaps 
these psychodepressant effects are correlated 
with depression of the amygdala; much more 
experimentation is needed befolre any such 
relationship can be established. 

Summary. Four psychotropic drugs had 
the following statistically significant effects 
on the limbic system of the cat: iprolniazid in- 
creased duration of af ter-discharge of amyg- 
dala ; imipramine and meprolbamate decreased 
duration of discharge of septum; chlordiaze- 
poxide decreased duration of discharge od 
septum and hippocampus, and decreased am- 
plitude of discharge of amygdala. 

We wish to thank Shirley Yerzy for the histology 
and Kay Eisenhuth for statistical analysis. 
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Effects of Selective Ultraviolet Irradiation of Cytoplasm of Living Cells.” 
(26029) 
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The authors have reported some of the 
manifestations Of ultraviolet irradiation dam- 
age in living cells( 1,2). The effects repr ted 
concerned the nature of the response of the 

whole cell to ultraviolet irradiation, rather 
- * Supported by Atomic Energy Comm. Contract, 
Damon Runyon Memorial Fund for Cancer Research, 
and Southwestern Medical Fn. 



than efiects of ultraviolet irradiation of se- 
lected portions of living cells. The purpose 
of this report will be to extend previous ob- 
servations by recording additional types of 
uItra\~iolet induced irradiation damage in liv- 
ing cells. and to record sonie observations on 
response of the c>.toplasni alone to ul tralyiolet 
j r ra d ia t i o n . 

i l /e thods.  11-e have previously reported the 
technic of ultraviolet flying spot television mi- 
croscopy and time-lapse cinematqq-aphy ( 3 -4, 
5 ) .  Receiitly the authors have recorded im- 
provements 3n this technic which permit use 
c,f double fljrhg sp3t illumination ( 6 ) .  In the 
erqm-inerts reported here the principle of 
d o u 1, 1 e t 1 y i 11 g s p (I t ill mi ina t i on was em pl o y ed 
to illuminate the nucleus of the cell with light 
of  a peak wave leiiRth of 4.500 -4 and to i l l u -  
minate the cytnplasm of the same cell with 
ultraviol~t light with a peak wave length of 
2600 zi. (’ontrol cells in  the same micro- 
scopic field were illuminated solely with ultra- 
lriolet light. The ultraviolet emitting scanner 
tube and the visible light emitting scanner 
tube-which in this case acted as the s:mrces 
of illumination - were permitted to operate 
continuously a t  a scan rate of 4 frames per 
second. Every 7 seconds the monitor tube 
was selectively blanked so that a new 16 nini 
film frame could be pulled into position. Each 
16 nini film frame ctored the image informa- 
tion from 28 scanned frames of the monitor 
tube. By storing the monitor tube infor- 
mation from multiple scan frames on one 
16 mm film frame the signal to noise ra- 
tio was greatly increased. During the ex- 
periments the equipment was periodically al- 
tered SG that a complete ultraviolet absorption 
image of all cells was obtained. This ultra- 
violet absorption image was obtained and re- 
carded on the film for several minutes a t  se- 
lected intervals and again for 30 minutes at  
end of experiment. Three types of cells were 
used in this experiment; HeLa cells, C‘hang 
Liver cells, and mouse fibroblasts. All of the 
cells gave identical results. All of the cells 
were carried in stock cultures in Eagle’s media 
enriched with horse serum and fo’r purposes 
of the experiment they were transferred to 
Rose chambers with quartz coverslips. Dur- 
ing the course of the experiment only, the 

chambers were supplied with Eagle’s media 
without horse serum. Horse serum was re- 
moved from the media during experiment be- 
cause its absorption of ultraviolet light at 
these wave lengths obscured the nature of the 
absorption image of the cells. In all, these 
results represent data taken from 5,000 feet 
of 16 mm black and white film. A total of 
1.000 cells was studied. Fifty of these were 
subjected e~clusively to cytoplasmic ultravio- 
let irradiation while the remaining 950 cells 
acted as c~nt ro ls  and were subjected to total 
cell ultraviolet irradiation. 

Rpszrlfs. Ultraviclet irradiation applied to 
the whole living cell will result in a variety of 
c‘ariiage patterns depending on dose and rate 
of d:)saqe. The most acute pattern of this 
i-cspxise is a sudden collapse of the cell from 
its normal spread-out attachment to the cov- 

into a round ultraviolet opaque ball 
t,vithout attachment to the coverslip. This 
\Lidden collapse occurs a t  the end of 1 h’our 
of scanning a t  a scanner tube beam current of 
50 microamps and is entirely unheralded by a 
change in absorption of the cell or by  a 
change in its motion. With less intense doses 
of irradiation given by a scanner tube beam 
current of 20 microamps several types of 
damaye appear. These may be divided into 
cytaplasmic components and a nuclear com- 
ponent. ‘The most subtle folrm of cytoplasmic 
damage consists of a gelling od the cytoplasm. 
This has 2 effects on cytoplasmic motion. 
One effect is to increasingly restrict, to the 
p i n t  of cessation, the motion of lipoprotein 
droplets of the cytoplasm. The second effect is 
completely to inhibit pinocytosis so that all 
movement of the cytoplasmic membrane is 
lost. These effects take place on the average 
after 2 hours of scanning. During the next 
several hours other cytoplasmic effects follow. 
ccnsisting of several varieties of bubble for- 
mation. One type of bubble is a large nonab- 
sorbing bubble forming on/or from the cyto- 
plasmic membrane. These bubbles are ap- 
parently formed by syneresis. A second type 
of bubble differs from the first in that the 
bubbles in this instance are filled with cyto- 
plasm and contents of these bubbles show 
ultraviolet absorption comparable to the re- 
maining cytoplasm. Still a third type olf bub- 
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ble which may follow development of the first 
two is the intracytoplasmic bubble. This 
type of bubble is usually multiple and is al- 
ways transparent to ultraviolet light. All 
3 types of bubbles have been observed to! rup- 
ture and release their contents into] the en- 
virons. In the end the cytoplasm loses vir- 
tually all of its absorption and i t  decreases 
markedly in area. During the time interval 
required for productioln of these cytoplasmic 
manifestations of damage the nucleus shows 
marked evidence of damage. In  the undam- 
aged cell the nuclear membrane is not visible 
as an ultraviolet absorbing structure; the nu- 
clear sap shows slight ultraviolet absorption 
on the order of 10% of absorption of the cyto- 
plasm adjacent to the nucleus, while the nu- 
cleolus shows intense absorption. As cellular 
damage due to ultraviolet irradiation pro- 
gresses, a condensation of ultraviolet absorb- 
ing material takes place a t  the nuclear mem- 
brane. The nucleus progressively diminishes 
in size to approximately one-half its original 
state and the nuclear membrane appears to 
become more and more prominent. As the 
nucleus decreases in size, the increasingly 
prominent nuclear membrane becomes 
wrinkled and infolded. Together with these 
changes the nucleus displays a general in- 
crease in absorptioc, roughly paralleling the 
pr3gressive decrease in cytoplasmic absorp- 
t'on. There is, however, no proof that the two 
are related other than in time. The increase 
in nuclear absorption may be as much as 4- 
fold. During these processes of cellular dam- 
a3e the nucleoli do not change size, shape or 
absorption. 

When the experiment is arranged so that 
cytgplasm alone is irradiated by ultraviolet, 
the following results were noted. The cyto- 
plasm of the cell with the protected nucleus 
shows the same responses to ultraviolet irradi- 
ation as doles the cytoplasm of control cells 
in the field. These are the responses detailed 
in the preceding section, and they occur at the 
same time in cytoplasm of control cells in the 
field of irradiation as in the cell with the nu- 
cleus illuminated with visible light. Nuclear 
responses in protected cell and in cointrol ir- 
radiated cells a're quite different. Nuclei of 
the totally irradiated control cells show the 

typical nuclear responses to irradiation de- 
tailed in the preceding section. Xuclei of the 
protected cells do not show any of these re- 
sponses. Their only change during experi- 
ments is a change in shape which accompanies 
the changing shape of the cell as the cyto- 
plasm bubbles and finally retracts to give the 
cell a rolundecl shape. Nuclear absolrption of 
ultraviolet light a t  beginning, middle and 
end of the experiment remains the same as 
a3  unirradiated cell. The nuclear membrane 
never bxomes an  ultraviolet absorbing struc- 
ture even in the face of the most severe cyto- 
plssrnic damage. Nucleoli in the protected 
nuclei remain unchanged in number, size, 
shape and u1trav;olet absorption. 

Discussio~.  Previous experiments in the 
literature dealing with the role of the nucleus 
in ultraviolet irradiation damage have been 
carried out differently from those reported 
here. These studies have involved single rela- 
tively large doses of irradiation to intact 
amoeba, or to enucleated amoeba, or to1 sepa- 
rated amoeba nuclei. The  latter may be suit- 
ably recombined with cytoplasm to study the 
effects of transplanted irradiated or unirradi- 
ated nuclei, grafted into irradiated or unirra- 
diated cytoplasm. Under these circumstances 
the unirradiated nucleus grafted into irradi- 
ated cytoplasm produces an increase in lon- 
gevity as compared with irradiation of the 
intact organism( 7,8,9,10,11). The experi- 
ment reported here differs so markedly from 
the above experiment that no1 comparison is 
possible. One of the major areas of variance 
is that in the experiment reported here the 
cytoplasm was continuously irradiated until 
damage appeared. A second difficulty rests in 
the fact that no existing technic may be ap- 
plied to determine dose of irradiation given 
lo the specimen by the flying spot microscope. 
Hence i t  is not possible to compare irradiation 
dosimetry. 

I t  would appear from these experiments 
that continuous ultraviolet irradiation of the 
cytoplasm of the intact cell produces the same 
cytoplasmic effects as does continuous irradia- 
tioln of the entire cell. In  these experiments 
nuclear evidence of ultraviollet indyced irradi- 
ation damage did not occur. 

( 1 ) Nuclear protection frcm COMCIZISZ'OMS. 
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no degree of protection on cytoplasm or on 
longevity of the cell. ( 2  ) Suclear protection 
from ultraviolet irradiation during continuous 
ultraviolet irradiation of cytoplasm prevents 
nuclear manifestations of ultraviolet induced 
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There is now considerable evidence to con- 
trovert the old concept concerning gastric acid 
secretion according to which concentration of 
acid in the primary secretion. as it arises from 
the parietal cell, varies with volume rate of 
flow(1). In  the experience of our group, it 
has been found that the acidity of pouch juice 
may remain constant a t  high levels (e.g., in 
the neighborhood of 150 meq 1)  for signifi- 
cantly long periods of time and under a va- 
riety of experimental conditions. This was 
first observed in dogs with P a ~ l o v  pouches. 
following a single subcutaneous injection of 
histamine of very high dosage; in these ex- 
periments, acidity maintained a plateau level 
for a long time, during which rate of secretion 
rose and then fell to a level of about 10% of 
its maximum ( 2 ) .  Similar evidence has been 
adduced from secretion induced by low dos- 
ages of histamine and by ingestion of food. 
when the juice was collected in such a way as 
to minimize the concomitant secretion of mu- 

cus( 2 )  ; also, during the diurnal hyper-secre- 
tory activity manifested by a bitch during 
lactation ( 3  ) . Again, in experiments with 
Heidenhain pouch dogs in which both acidity 
and volume-rate were maintained a t  a fair de- 
gree of constancy, by repea4ted injections of 
histamine at  short intervals (0.025 mg base 
every 10 minutes) for many hours, the super- 
imposition of a single subcutaneous injection 
of atropine (0.4 mg 'kg) about the middle of 
a 4-6 hour run, in order to inhibit the secre- 
tory response to the continuing administration 
of histamine, resulted in a drastic reduction in 
volume-rate without any marked change in 
acidity(4). 

At no time, however. has i t  been reported 
that such essential lack of correlation between 
acidity and volume-rate obtains with purely 
vagal or vagomimetic stimuli, or even hista- 
mine a t  low dosage under ordinary collection 
conditions, but this may be ascribed to the 
fact that such stimuli evolke a gastric juice 

*This work was suppcrted in part by a grant which is relatively high in organic matter- 
from the Altman Foundation of New York. enzymes and mucus-and therefore relatively 
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