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actually controls the biosynthesis of thyrox- 
ine. The result would be a short, but critical, 
period at the onset of hypoxia exposure dur- 
ing which elaboration of thyroxine and the 
subsequent utilization of oxygen by periph- 
eral tissues are reduced. 

Summary. Exposure of rats to a reduced 
pressure (380 mm Hg) simulating an altitude 
of 18,000 feet resulted in a markedly elevated 
1131 uptake in the thyroid, a relative increase 
in the amount of intrathyroidal 1131 MIT and 
a lowered 1131 DIT. The hypoxia induced 
alteration of thyroid hormone synthesis was 
found to be a transient response since the 
1131 MIT/DIT ratio returned to control lev- 
els after 60 hours of exposure. A possible 
mechanism which could account for these 
thyroidal changes is discussed. 
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Toxicity of Malathion and Mercaptosuccinate to Growth of Chick 
Embryo Cells in vitro.* (31023) 
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Much evidence indicates that many of the 
acute toxic effects of malathion (0,O-Di- 
methyl S- ( 1,2 dicarbethoxyethyl) phosphoro- 
di thioate) and other organophosphorus insec- 
ticides are due to their action on the nervous 
system, and are caused by their inhibition of 
the enzyme acetylcholinesterase( 1,2). The 
phosphorus group in the insecticide molecule 
is believed to be responsible for this inhibi- 
tion(2,3). The possible effects of other groups 

*This study was suported in part by Agr. Exp. 
Statlion Project H-2221 and USPHS Grant ES-00054- 
01, Support for Toxicology Center. 

in the molecule have received little attention. 
Such effects would be difficult to investigate 
in the intact animal because the presence of 
the nervous system complicates studies of the 
responses of other cells and tissues to organo- 
phosphorus insecticides and their breakdown 
products. Isolated systems such as cell cul- 
tures seem appropriate for this kind of in- 
vestigation. However, until recently( 4,5,6) 
cell cultures have been little used in research 
on insecticide toxicity to vertebrates, al- 
though they have been utilized extensively in 
other areas of pharmacology such as the 
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study of carcinogenic agents ( 7 ) .  The experi- 
ments reported here were designed to find out 
whether malathion is toxic to primary cul- 
tures of chick embryo cells and whether com- 
pounds having a part of the carbon skeleton 
of malathion affect cell growth. 

Materials and methods. Cells from the pec- 
toral region of 14-day-old chick embryos 
were grown as fibroblasts in monolayers ac- 
cording to standard culture procedures as de- 
scribed in detail elsewhere( 8). The cells were 
dissociated from the tissue in a solution of a 
protease, Pronase( 9) ,  and concentrations of 
100,000 to 200,000 cells/ml were inoculated 
into plastic petri dishes (Falcon Plastics Inc.) 
or $ oz pharmaceutical bottles (Brockway 
Glass Inc.). The cells that had not become 
attached to the surface of the culture vessels 
after 24 hours were removed and the inocu- 
lation medium was replaced by test media. 
The media were changed again 48 hours 
later. The experiments were usually termi- 
nated after a total of 5 or 6 days. The growth 
medium consisted of 50% Medium 199( lo) ,  
43 % phosphate buffered saline( 8), 5 % chick- 
en or fetal calf serum (GIB Inc. or Micro- 
biological Associates) and 2 %  embryo ex- 
tract(8). All solutions were sterilized by fil- 
tration through 0.45 p cellulose membrane 
filters (Millipore Filter Inc.) . No antibiotics 
were used. The gas phase was air and the 
incubation temperature was 37 t 0.5OC. 

Growth was measured as increase in cell 
number determined by the Coulter Electronic 
Cell Counter, Model A( 8 , l l ) .  The cells were 
removed from the plastic or glass surface by 
treatment with Pronase and dispersed by re- 
peated pipetting. The means of the counts 
of a t  least 3 culture vessels were used to de- 
termine the points on the growth curves. 

Two malathion samples were used: one of 
95% purity was obtained from the Agricul- 
tural Toxicology Dept., Davis, and another 
of 99+% purity was obtained from Amer- 
ican Cyanamid Co. Both samples yielded the 
same experimental results. Malathion was 
dispersed by adding it toe the complete basal 
medium and stirring the solution for 2 to 3 
hours at  37°C. No more than 101 mg/100 ml 
of malathion was added to the medium in 
the experiments reported here. This concen- 

tration was slightly less than the solubility of 
malathion in H20 ( 12 ) . 

ResuZts. The first series of experiments 
studied the effect of malathion concentration 
on growth of the cells. The results of a typi- 
cal experiment are shown in Fig. 1. For con- 
venience, the growth curves are displayed 
along the horizontal axis of the graph. Con- 
centrations of malathion above 3.01 X 
M (1 pg/ml) progressively inhibited the 
growth rate and the peak populations of the 
cells. Malathion was strongly toxic to the 
cells above 3.0 X M (101 pg/ml), caus- 
ing a net decrease in cell number from that 
of the original inoculum. T'his decrease was 
not immediate; in every experiment with 
media containing 1.5 x lo-* NI (50 pg/mI) 
and 3.0 X M (100 &mI) concentra- 
tions of malathion the cell number either re- 
mained unchanged or increased for at least 
24 hours after addition of the pesticide and 
then rapidly declined. 

Staining in situ with Oil-Red-0 and Janus 
Green B revealed that cells attached to the 
surface of the vessels in the presence of 
malathion differed little in their morphology 
frolm those grown on the control medium. 

The Tesponse of the cells to several of the 
carbon fragments of malathioa was next in- 
vestigated. The compounds tested were mer- 
captosuccinate, malate, diethylmalate, succi- 
nate and diethylsuccinate. Results such as 
those shown in Fig. 2 indicated that mercap- 
tosuccinate but not malate, succinate or their 
diethylesters was toxic to chick embryo cells 
at a concentration of 1.5 X M. Fig. 3 
illustrates results of an experiment compar- 
ing the effects of malathion and mercapto- 
succinate on the cells at 2 concentrations, 3.0 
X M and 1.5 X M. The results 
of this and several other experiments indi- 
cated that the growth inhibition due to mer- 
captosuccinate was not evident until 24 hours 
after the compound was added to the cells 
and that mercaptosuccinate was acutely toxic 
to the cells at  3.0 )( M, but not at 1.5 
x 1W6 M. Although mercaptosuccinate se- 
verely inhibited cell growth at  a concentra- 
tion of 1.5 )( M (Fig. 2 & 3 ) ,  a rapid 
decrease in the number of cells in the flasks 
did not occur. 
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FIG. 1. Effect of malathion on growth of chick embryo cells. Cells from 14-day pectoral 
muscle; incubated in chicken serum, Medium 199, POa buffer, embryo extract basal medium. 
I indicates range. 

FIG. 2 .  Effect of 1.5 X lo-' M malathion, mercaptosuccinate, malate, diethylmalate, succinate 
and diethylsuccinate on growth of chick embryo cells. Cells from 14-day lpectoral muscle; incubated 
in fetal bovine serum, Medium 199, PO4 buffer, embryo extract basal medium. 

M malathion and mer- 
captosuccinate. Cells from 14-day pectoral muscle ; basal medium contained fetal bovine serum, 
embryo extract, Medium 199, and POa buffered saline. 

FIG. 4. Structural relationships between malathion and mercaptosuccinate, malate, succinate 
and their diethylesters. 

FIG. 3.  Growth of chick emlbryo cells on 3.0 X lo6 M and 1.5 X 
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Discussion. The data obtained in this in- 
vestigation indicate that malathion is acutely 
toxic to the growth of primary cultures of 
chick embryo fibroblasts in vitro above con- 
centrations of 3 X M (1.0 pgJm1). 
Concentrations of 1.5 X low4 M and 3.01 X 
loe4 M ( S O  and 100 pg/ml) invariably 
caused a severe decrease in the number of 
cells in the cultures. Concentrations of 3 x 
low5 M (10 pg/ml) usually inhibited the 
rate of increase of cell number and the peak 
populations reached by the cells. 

It is plausible to interpret the data as sug- 
gesting that the rate of death of the cells, in- 
creased in direct proportion to the malathion 
concentration. However, other factors may 
also be involved. It is possible that mala- 
thion, particularly a t  low concentrations, af- 
fected the generation time of the cells, i.e., 
the time spent by the cells between divisions. 
Furthermore, i t  should be noted that only 
cells attached to the surface of the growth 
vessels were counted; the viability of cells 
that may have floated up into the medium in 
response to the pesticide was not investi- 
gated. 

There have been few studies on the toxicity 
of insecticides 'to vertebrate cells cultured in 
vitro. Gabliks and Friedman (4,5,6) recently 
investigated the acute and chronic effects of 
several organophosphorus, organochlorine and 
dinitrophenol insecticides to Chang human 
liver, HeLa human carcinoma and mouse L- 
929 established cell lines. They found that 
13 to 15 pgJml of malathion caused a 50% 
inhibition of the rate of protein synthesis of 
the human cell cultures. The minimal toxic 
dosage of malation was 0.1 pg/m1(5). Com- 
paring the results of these studies with the 
data reported here, it would seem that mala- 
thion may be less acutely toKic to primary 
cultures of chick embryo cells than i t  is to 
established mammalian cell lines. 

The data illustrated in Fig. 2 & 3 show 
that mercaptosuccinate was toxic to chick em- 
bryo cells in vitro at concentrations above 
3.0 x M, results similar to that found 
for malathion, and that succinic acid, malic 
acid and their diethylesters were not toxic to 
the cells at  concentrations as high as 1.5 X 

M. The structural relationships be- 

tween these molecules and malathion are 
shown in Fig. 4. The noa-phosphorus con- 
taining breakdown products of malathion 
have not been intensively studied, no'r are the 
metabolic products of malathion known for 
cells grown in vitro. Regardless, the results 
suggest the need for further study of the ef- 
fects of the non-phosphorus-containing parts 
of organophosphate insecticides on vertebrate 
cells, both in vivo and in vitro. 

It is doubtful, as pointed out by Gabliks 
and Friedman (4) that organophosphorus in- 
secticides are toxic to cells in culture because 
of their inhibitory action on acetylcholines- 
terase. However, cultured cells contain other 
esterases which could be important to cell 
survival. Moreover, Freedland and McFar- 
land(l3) showed that malathion and several 
other insecticides inhibited the activity of 
purified beef liver glutamate dehydrogenase. 
It is interesting to note that parathion, an 
organophosphorus insecticide, had no appre- 
ciable effect on the activity of the enzyme. 

The mechanism by which mercaptosuccinate 
inhibits cell growth is not known. Con- 
sidering its structure, mercap tosuccina te 
may act as an inhibitor of cell respiration, 
or it may function as a competitor in sulf- 
hydryl reactions. 

The lag between time of addition of mala- 
thion and mercaptosuccinate and decrease in 
the rate of gro'wth of the cells merits investi- 
gation. It may signify that both compounds 
are taken up relatively slowly by the cells 
so that it is some hours before the sub- 
stances reach toxic intracellular levels. These 
two compounds may even be selectively toxic 
to cells that are in a particular stage of their 
division cycle. These and other pomible causes 
for the phenomenon are under investigation. 

Summary. The growth of p r i m r y  cultures 
of chick embryo cells was examined in the 
presence of the organophosphorus insecticide, 
malathion, and several of its molecular frag- 
ments, mercaptosuccinate, malate, succinate 
and their diethylesters. The results showed 
that malathion was toxic to the growth of 
the cells in concentrations as lolw as 3 X 

M, mercaptosuccinate inhibited cell 
growth in concentrations as low as 3 X 
M, and that malate, succinate and their 
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diethylesters had no effect on the growth of 
the cells in concentrations as high as 1.5 x 

M. The inhibitions of cell growth ob- 
tained with malathion and mercaptosuccinate 
were first evident 24 hours after the com- 
pounds were added to the cultures. The im- 
plications of these results with respect to 
the actions of insecticides on cells and tissues 
are discussed. 

The authors wish to acknowledge the assistance of 
Miss J. B. Hirshberg, Mrs. M. L. Penner, Mr. D. M. 
Fry, Mr. H. 0. Stinnett and Mr. T. K. Nelson. 
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The extreme antigenic diversity ( 1 ) of 
rhinoviruses renders i t  important to devise 
simplified means for inducing immunity if 
reasonable control of infections caused by 
these agents is ever to be achieved. Present 
evidence indicates that rhinoviruses do not 
ordinarily infect the gut and the virus does 
not appear in the feces (2 ) .  The rapid inacti- 
vation of rhinoviruses at pH 3 to 5(3,4) 
suggests that in natural infections, the agents 
are destroyed during passage through the 
stomach. The possibility remains that infec- 
tion of the intestines might be achieved if 
the acidity of the stomach could be bypassed. 
Accordingly, live preparations of rhinovirus 
types 32 and 44 were prepared in enteric- 
coated capsules and fed to human volunteers. 
The fate of the capsules and the serologic find- 
ings in human subjects fed the virus are 
described here. 

Materials and methods. Vaccines and pla- 
cebo. Rhinovirus strains 1955M (type 32) 
(1) and 1863H (type 44) (1) were isolated 
from throat washings from cases of common 
cold (upper respiratory illness) in university 
students and were propagated in serial pas- 
sage in human diploid cell strain WI-38(5) 
which was monitored for cell alterations ac- 
cording to the proposed Minimum Require- 
ments(6). Both viruses used to prepare the 
capsules were in fourth passage in cell cul- 
ture. The WI-38 strain of diploid cells used 
to cultivate the viruses was in passages 18 to 
29. Preparation of the vaccine viruses and 
tests for identity, freedom from extraneous 
agents, sterility and safety, whenever appli- 
cable, were consistent with contemporary reg- 
ulations of the Division of Biologics Stand- 
ards, National Institutes of Health, U. s. 
Public Health Service. To prepare vaccine, 


