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ABSTRACT 

Studies were undertaken to determine the effects of dimethyl 

sulfoxide on poliovirus type 1 before adsorption of the virus to a HeLa 

cell monolayer. Further experiments were conducted to determine the 

effects of dimethyl sulfoxide upon poliovirus after the virus had been 

adsorbed to a HeLa cell monolayer. 

Toxicity studies conducted with dimethyl sulfoxide and the HeLa 

cell line indicated that 5 per cent was the upper concentration of dimethyl 

sulfoxide that the cells would tolerate. The optimum concentration for 

experimentation was found to be 2. 5 per cent to 3. 5 per cent of dimethyl 

sulfoxide. 

Poliovirus dilutions made in growth medium containing 3 per 

cent, 3. 5 per cent, and 4 per cent dimethyl sulfoxide were plated on 

HeLa cell monolayers. The results of these experiments indicated that 

under the conditions employed, dimethyl sulfoxide was not viricidal to 

poliovirus. The presence of dimethyl sulfoxide had no apparent effect 

on the receptor sites of the HeLa cells, and had no adverse effect on 

the ability of the virus to adsorb to and initiate infection of the HeLa 

cell monolayer. 

When HeLa cell monolayers infected with poliovirus were 

exposed to 2. 5 per cent, 3 per cent, and 3. 5 per cent dimethyl sulfoxide 
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contained in Nobel agar overlay, there was a significant decrease in 

the numbers of plaques produced. The mechanism of this inhibition 

has not yet been determined. 



INTRODUCTION 

Historical Background on 
Dimethyl Sulfoxide 

Dimethyl sulfoxide is a highly polar, hygroscopic, colorless, 

odorless organic liquid. This chemically stable solvent was first 

synthesized in 1867 by Alexander Saytzeff. Dimethyl sulfoxide is pro

duced commercially through the oxidation of dimethyl sulfide obtained 

as a by-product"of the paper pulp manufacturing process. Its chief use 

industrially has been as a potent solvent. Smith and Winstein (1958) 

have described it as a nucleophilic ionizing solvent. 

Having the formula (C^J^SO, dimethyl sulfoxide is converted 

to dimethyl sulfone, (CH3)2>S02 by strong oxidizing agents, 

(CHQ?SO (O) j (CH3)2SOz 

or reduced to dimethyl sulfide, CH3SCH3 by reducing agents. 

(CH3)2SO (H) } CH3SCH3 

The physical properties of dimethyl sulfoxide are as follows: 

Molecular weight 78. 13 

Boiling point at 760 mm Hg. 189°C. 

Melting point at 760 mm Hg. 18.45°C. 

Specific gravity at 20°C. 1. 1014 

Refractive index at 20°C. 1. 4783 
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Viscosity at 25°C. 1.98 cps 

Heat of solution at 20°C. 60 cal/gm. 

Flash point (open cup) 95°C. 

The first use of dimethyl sulfoxide in biological systems was 

its utilization as an additive to increase viable recovery when living 

cells were frozen. The protective effect it exerts seems to be based 

on its ability to permeate living cells and that it prevents excessive 

concentration of electrolytes within the cell. Lovelock and Bishop 

(1959) reported the protective action of dimethyl sulfoxide on human 

and bovine red blood cells using hemolysis of the blood cells as a meas

ure of damage by freezing. Kite and Doebbler (1961, 1962) compared 

survival rates of HeLa cells and L cells frozen in 5 per cent glycerol 

and 5 per cent dimethyl sulfoxide and found that dimethyl sulfoxide was 

as effective as glycerol in protecting the cells. They used a method of 

slow freezing of 1°C. per minute. Bouroucle (1965) confirmed this 

work with HeLa cells, and obtained a 90 per cent recovery rate after 

storage at -79°C. for 3 months. He found that the optimum concentra

tion of dimethyl sulfoxide for this purpose was from 5-10 per cent. 

Dougherty (.1962), working with primary chick embryo fibroblasts 

demonstrated a survival rate of 100 per cent upon thawing, when the 

medium used during freezing had a concentration of 10 per cent dimethyl 

sulfoxide. Nagington and Graves (1962) using 10 per cent dimethyl 

sulfoxide with 15 per cent calf serum confirmed the superiority of 
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dimethyl sulfoxide over glycerol when, used in freezing experiments 

with a variety of cell types. 

Studies have been made on the effects of dimethyl sulfoxide on 

the viability of mouse bone marrow cells after freezing (Ashwood-Smith 

1961a, 1961b). He found that marrow cells which had been preserved 

at -79°C. in the presence of 15 per cent dimethyl sulfoxide showed a 

higher survival rate than marrow cells frozen in the presence of 

glycerol. This work was confirmed by Howe and Fellig (1962). 

Persidsky and Richards (1963) found that 10 per cent dimethyl 

sulfoxide offered maximum protection to frozen rat bone marrow, but 

found that dimethyl sulfoxide was toxic to the cells in the unfrozen 

state, which necessitated the prompt removal of the chemical after 

thawing. 

Pyle and Boyer (1962) used 12 per cent dimethyl sulfoxide 

to get a cellular recovery of 52 per cent of frozen human bone marrow. 

Malinin, Brodine, and Perry (1964) stored dog bone marrow in the 

presence of 30 per cent dimethyl sulfoxide at -150°C. for 1 year. At 

the end of that time, the original donor dogs were exposed to lethal 

doses of radiation, and 1 day later they were given the autologous bone 

marrow. Out of 10 animals so treated, 8 survived beyond a 60 day 

period. Similar work was carried out by Cavins et al. (1962, 1964) in 

which marrow, and leukocytes frozen in dimethyl sulfoxide were 

administered to lethally irradiated dogs, enabling them to survive. 
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These workers concLuded that peripheral blood contains primitive cells 

capable of repopulating marrow spaces and restoring marrow function. 

Dimethyl sulfoxide has also been used successfully in the long 

term preservation of leukocytes and platelets during frozen storage 

(A shwood-Smith 1964, Rowe, Kaczmarek and Cohen 1963, Djerassi and 

Roy 1963, and Geisler, Iossifides and Eichman 1964). 

In experiments on frozen storage of rabbit and human sperma

tozoa (Sawada and Chang 1964, and Zimmerman, Maude and Moldawer 

1964) it was found that'dimethyl sulfoxide when used as a preservative 

gave greater survival numbers of spermatozoa than did glycerol. 

Sherman (1963) found in the handling of human spermatozoa that rapid 

freeze, rapid thaw methods were superior to the older method of slow 

freeze, slow thaw. 

Additional proof of the low toxicity and efficacy of dimethyl 

sulfoxide as an additive in low temperature storage, was the work of 

Hwang, David and Alexander (1964), Collins and Jeffery (1963), and 

Walker and Ashwood-Smith (1961) in which dimethyl sulfoxide was used 

as a preservative in the storage of ciliated protozoa, malarias, and 

trypanosomes. 

Ashwood-Smith (1961c, 1962) reported the radioprotective 

action of dimethyl sulfoxide when administered to mice subsequently 

exposed to lethal doses of ionizing radiation. This work was confirmed 

by Van der Meer, Valkenburg, and Remmelts (1963). These investigators 
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found a marked reduction of the oxygen tension in the spleen and they 

favor a hypoxia mechanism for protection in the mouse. Vos and Kaalen 

(1962) showed that dimethyl sulfoxide afforded tissue culture cells pro

tection against ionizing radiation. Bridges (196Z) offered proof that 

dimethyl sulfoxide afforded protection to bacteria against gamma 

radiation. 

The experimental work with the freezing of tissue culture cells, 

bone marrow, and leukocytes led to speculation concerning the uses of 

dimethyl sulfoxide for the preservation of human bone marrow and whole 

organ storage. 

Perhaps one of the most promising clinical uses for stored 
living tissue lies in marrow autografting, in which bone marrow 
is taken from patients with cancer, preserved in deep-freeze, 
and restored to them after they have received large field 
irradiation or chemotherapy with cytotoxic drugs. Dimethyl 
sulphoxide does not solve all the problems of storage of living 
tissues at low temperatures, but its introduction by Lovelock 
and Bishop marked a significant step forward in cryobiology 
(Anon. 1962). 

Gresham, Perry and Wheeler (1963) stated, "As advances are 

made in overcoming the adverse reactions of homotransplantation, it 

becomes apparent that storage of viable tissues will be necessary for 

the support of modern medicine. By using certain hydrophilic chemicals, 

such as sugars or glycerine, it is possible to bind water and lower the 

freezing point, so that when crystallization does occur, the tissue is at 

a lower temperature. " These investigators used dimethyl sulfoxide to 

freeze human bone marrow, and studies are currently in progress to 
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evaluate the metaboLism of dimethyl sulfoxide in humans. Block (1963) 

reported the low temperature (-79°C. ) preservation of whole organs of 

experimental animals which were then replanted in the original host. 

Jacob, Bischel, and Herschler (1964), in a preliminary paper, 

reported the following medical uses of dimethyl sulfoxide currently 

under investigation at the University of Oregon Medical School. 

1. Penetrant carrier through a biological membrane; experi

ments have demonstrated that dimethyl sulfoxide enhances absorption 

of heparin, insulin, Na salicylate, and Evan's blue dye across the intact 

urinary bladders of dogs. Jacob et al. (1964) reported the results of the 

insulin experiments in which they stated unequivocally that insulin was 

transported across the bladder mucosa of the dog in a 15 per cent solu

tion of buffered dimethyl sulfoxide in a physiologically active form. 

2. Local analgesic agent; experiments have shown that dimethyl 

sulfoxide penetrates human skin relieving pain. Rosenbaum and Jacob 

(1964a, 1964b) in the next two months reported relief from pain when 

dimethyl sulfoxide was applied topically to cases of acute subdeltoid 

bursitis, rheumatoid arthritis, osteoarthritis, and gouty arthritis. 

3. Anti inflammatory adjunct. 

4. Bacteriostatic action; preliminary data indicated that dimethyl 

sulfoxide was bacteriostatic in 20 per cent concentration against 

Escherichia coli, Staphylococcus aureus, and Pseudomonas and bacterio

static in a 1 per cent concentration against Mycobacterium tuberculosis. 



5. Diuretic action. 

6. Tranquilizing effects. 

Dixon et_al* (1965) stated that their preliminary tests failed to 

indicate that dimethyl sulfoxide possesses local anesthetic or analgesic 

action. 

Increased attention focused on the clinical applications of 

dimethyl sulfoxide emphasized the importance of studies on toxicity 

and side effects of the chemical. 

Earlier work with freezing of cells indicated a low order of 

toxicity for the drug. Rosenkrantz et a I. (1963) reported the toxicologic 

characteristics of dimethyl sulfoxide. They reported the dosages 

of dimethyl sulfoxide as follows: Intravenous route, 3. 8 g/kg in mice, 

8 g/kg in rats, and 2. 5 g/kg in dogs; subcutaneous route, 20. 5 g/kg in 

both mice and rats. When the drug was administered without dilution 

it produced some necrosis in muscle, and inflammation and edema in 

subcutaneous tissues. 

Sommers and Tauberger (1964) using rats and mice studied 

toxicity by oral, subcutaneous, and intravenous administration. By all 

routes of administration toxicity was found to be low. Topical application 

of undiluted dimethyl sulfoxide led to irritation of skin and mucosa. 

The most complete controlled study to date on topical pharma

cology and toxicology of dimethyl sulfoxide in humans, was the work of 

Kligman (1965a, 1965b). In speaking of the uses of dimethyl sulfoxide 
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for topical therapy he stated, "The chief limitation of topical therapy is 

the imposing impermeability of skin, one of whose major protective 

functions is to act as a chemical and water proofing seal. 11 In his 

opinion the stratum corneum is the chief rate-limiting barrier to 

percutaneous penetration. He used Declomycin (a fluorescent antibiotic) 

with 90 per cent dimethyl sulfoxide, to measure penetration of human 

skin. He obtained complete penetration of the drug to the base of the 

horny layer in 20 minutes. When Declomycin was dissolved in water, 

penetration time exceeded 3 hours. He stated, 

The conclusion seems inescapable that dimethyl sulfoxide does 
not produce a permanent, irreversible change in the horny 
layer's permeability. It can be inferred from a variety of 
observations that dimethyl sulfoxide itself enters the skin with 
great speed. Its potentiating effect is realizable only so long 
as a critical quantity remains within the horny layer. In short, 
dimethyl sulfoxide somehow creates pathways for the diffusion 
of a great variety of polar and non-polar substances. To achieve 
significant penetration the horny layer must be nearly saturated 
with dimethyl sulfoxide: It is almost as if the penetrant is con
ducted through the horny-layer barrier by remaining dissolved 
in a continuous channel of dimethyl sulfoxide which occupies 
intermolecular spaces. Additional studies have documented 
that dimethyl sulfoxide does not affect permeability by greatly 
violating the structural integrity of the horny layer. By con
trast, strong solutions of anionic detergents (sodium lauryl 
sulfate), alkalies, hydrocarbons (hexane), etc., permanently 
disrupt and degrade the horny layer, increasing permeability 
in this nonspecific manner. The action of dimethyl sulfoxide 
is clearly different. It is a true penetrant in the physiological 
sense. 

From further experiments he concluded that dimethyl sulfoxide 

could not be considered to have potent analgesic effects. His work con

firmed the bacteriostatic effects reported earlier, and he found the 



bactericidal concentration, of dimethyl sulfoxide to be 50 per cent against 

Staphylococcus aureus, with gram negative bacteria being somewhat 

more susceptible. With these results, he called dimethyl sulfoxide 

weakly antibacterial. In work with fungi, Kligman concluded that 

dimethyl sulfoxide may be considered a weak antifungal agent. The 

low-order animal toxicity reported earlier was substantially confirmed 

in studies with humans. Nine ml of 90 per cent dimethyl sulfoxide was 

applied to the trunks of 20 men, once a day, for 26 weeks. At 0, 2, 4, 

8, 12, 16, and 24 weeks, a complete blood count, urinalysis, thymol 

turbidity, serum glutamic-oxaloacetic transaminase, Na sulfobromo-

phthalein, blood sugar, and blood urea nitrogen tests were done. Volun

teers were examined weekLy. At the end of the treatment period, skin 

biopsies taken from areas which had been treated with dimethyl sulfoxide 

were normal, there were no inflammatory changes, nor was the epidermis 

altered. Erythema, stinging, and burning occurred in the first two weeks 

of application. "Whealing and erythema were readily explained as mani

festations of the histamine liberating effects of dimethyl sulfoxide. 

Histamine depletion of the mast cells accounts for the disappearance of 

symptoms in 'a week or so. He concluded, "None of the cutaneous effects 

produced by topically administered 90 per cent dimethyl sulfoxide con

stitute a contraindication to the treatment of musculoskeletal and 

connective-tissue disorders. " 
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Dimethyl sulfoxide has been shown to have bacteriostatic 

properties, but as yet there are no published reports on its effects on 

viruses. Because of its remarkable penetrating ability it was decided 

to study the effects of dimethyl sulfoxide on viral multiplication in tissue 

culture. 

Historical Background on-Poliovirus 

One of the greatest difficulties encountered by investigators of 

poliovirus was the fact that prior to 1949, investigations had to be 

carried out with experimental animals, as it was believed the multiplica

tion of poliovirus would only take place in cells of neural tissue. There 

was no suitable non-neural tissue culture system then known that would 

support the multiplication of the virus. For any extensive investigation 

of the virus, it was important that this problem be solved. Enders, 

Weller, and Robbins (1949) overcame this obstacle when they cultivated 

the Lansing strain of poliomyelitis virus in human embryonic tissue. 

Using this embryonic tissue culture system they proved multiplication 

of the virus in cells of non-neural tissue. 

Their discovery, that poliovirus would multiply in tissue cul

ture, was directly responsible for the development of the poliovirus 

vaccine. For the production of large quantities of virus, tissue culture 

systems are far superior to the use of experimental animals. Additional 

advantages include economy, space considerations for animal quarters, 
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care and feeding of animals, ease of handling, and possible endogenous 

viral infections of experimental animals. 

Gey, Coffman, and Kubicek (1952) reported the isolation of a 

stable human cell line, derived from an epidermal carcinoma of the 

cervix, which they called HeLa. These investigators had grown this 

cell line in continuous roller-tube culture for a year at the time of 

their report, and it has been maintained in serial culture since that 

time. HeLa cells can be preserved in the frozen state until needed for 

culture work, or propagated in continuous culture. It is one of the most 

widely used of all cell lines in viral investigations. As a stable cell line 

it has many advantages over a primary tissue culture system, which 

can not be subcultured repeatedly. Its use eliminates the necessity of 

having experimental animals on hand to sacrifice for the production of 

the primary tissue culture system. The advantage of being able to 

freeze and maintain stock cultures for use as needed, is obvious. 

Scherer, Syverton, and Gey (1953) were the first investigators 

to report the use of HeLa cells for the propagation of poliovirus. They 

were able to support the growth of poliovirus types 1, 2, and 3 on HeLa 

cell monolayers and reported that the virus caused a cytopathogenic 

effect in 12-96 hours. These workers pointed out the advantages of 

using the HeLa cell line in poliovirus studies for (1) assay studies of 

the virus, (2) assay of antibody by neutralization tests, (3) production 

of virus in quantity, and (4) the rapid isolation and identification of 
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poliovirus. Since their studies were reported, the HeLa cell line has 

been used extensively for enterovirus experiments. 

After the discoveries made by Enders, Gey, and Scherer and 

their associates on the investigation of poliovirus in tissue culture, 

contributions in this area advanced rapidly. Melnick (1955) published 

an excellent review article on tissue culture techniques and their 

applications to the study of poliovirus. In this review he discussed the 

advances that had been made in this area up to that time. He also 

elucidated the manner in which poliovirus multiplies in a tissue culture 

system, and compared the multiplication of poliovirus to the replication 

of phages in bacteria. First, the virus particles are adsorbed to 

susceptible cells, then a latent period follows in which the amount of 

virus in the culture fluid remains constant for a few hours, and then 

new virus particles are released from the infected cells. If the num

bers of virus particles inoculated are insufficient to infect all the cells 

in the culture, the process is repeated until all of the susceptible cells 

are infected. Regardless of the size of the inoculum, the total amount 

of virus produced by cultures having the same number of cells is the 

same. 

In 1952 Dulbecco made an outstanding contribution to the field 

of virus study in tissue culture by developing the plaque technique 

(Dulbecco 1952). In essence, this technique consists of growing a 

monolayer of susceptible cells in a suitable container, infecting this 
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layer of cells with a virus, and then adding a layer of melted agar con

taining nutrient fluid. After allowing a suitable length of time for the 

virus to multiply, one is able to see areas of cytopathogenic effect. 

Dulbecco called these areas plaques. These areas are produced by 

the virus, because they are absent when the virus is absent, and the 

plaque numbers increase with the concentration of the virus. Dulbecco 

put forth the observation that each plaque is produced by one virus 

particle. A linear dependence of the number of plaques on virus con

centration can be obtained only if each plaque is produced by one virus 

particle. The results of several experiments show that this dependence 

is in fact linear, proving that one virus particle is sufficient to produce 

one plaque, and showing a 1:1 relation between infecting particles and 

plaques. Dulbecco and Vogt (1954) worked with poliovirus types 1, 2, 

and 3 and monkey kidney cells, and proved that the plaques were pro

duced by a factor that has the same antigenic properties as the virus, 

since they were suppressed by type specific antiserum. They later 

stated that the plaque forming particle can be identified with the 

infectious particle (Dulbecco and Yogt 1955). 

Hsiung and Melnick (1955) improved the plaquing technique 

with their addition of neutral red to the overlay agar. With this tech

nique, the living cells in the monolayer took up the stain while the 

plaques (consisting of dead cells) remained as clear areas. 
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Bachrach et aL (1957) made an observation on the plaquing 

technique that the numbers of plaques produced on a monolayer decrease 

as the volume of the inoculum increases. 

After the initial work of Dulbecco in developing the plaquing 

technique, many investigators made contributions in this area. A 

variety of viruses was utilized for plaque production upon many differ

ent types of cell monolayers, and new staining methods were developed. 

Cooper (1961) published a comprehensive review article concerning the 

plaque assay of animal viruses. He discussed the viruses suitable for 

plaquing experiments, sensitive cell lines available, different kinds of 

overlay media, and various methods of staining, suitable for plaquing 

experiments that had been reported up to that time. Cooper stated that 

the most difficult requirement to meet in plaquing experimentation seems 

to be finding suitably sensitive cell systems, and suggested that the 

answer lay in understanding and overcoming the cause of a cell's 

resistance to a virus, which may be very high even for the most sensitive 

cell system. 

In planning this research project, it was decided that the 

advantages of the HeLa cell line were numerous. Among these advantages 

were a sensitivity to poliovirus, the stability of the cell line, its relative 

ease of maintenance, and its ready availability. 

The vaccine strain of poliovirus type 1 was chosen for study 

because it produces plaques readily, is a relatively stable virus, is 
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easy to cultivate, and is safe for use in the laboratory. Extensive 

•work has been reported in the literature concerning the plaquing tech

nique, utilizing the HeLa cell line for the growth of poliovirus. It was 

therefore decided that this virus and this cell line would make an 

effective combination for the investigation of the effects of dimethyl 

sulfoxide on viral multiplication in tissue culture. 



STATEMENT OF PROBLEM 

Published reports indicate that dimethyl sulfoxide possesses 

remarkable penetrating properties in that it can readily pass through 

intact skin. This chemical has been shown to have bacteriostatic 

properties, but as yet there are no published reports on its effects 

on viruses. Because of its remarkable penetrating ability and its 

potential use as a therapeutic agent it was decided to study the effects 

of dimethyl sulfoxide on HeLa cells in culture, and on viral infections 

of these cells. 

The purposes of this study were: 

1. To determine the toxicity of dimethyl sulfoxide for the 

HeLa cell line, and the establishment of tolerable dosage levels. 

2. Determination of the effect of dimethyl sulfoxide on polio 

virus before it is adsorbed to the cellular system, and its subsequent 

intracellular multiplication. 

3. Determination of the effect of dimethyl sulfoxide on polio 

virus after it has been adsorbed to the cellular system, and its subse 

quent multiplication. 

16 



MATERIALS AND METHODS 

Cell Line 

The cell line used exclusively during the course of these investi

gations was the HeLa cell line (Epithelioid carcinoma, cervix; Human). 

It was isolated in 1951 by Gey and has been maintained continuously by 

serial cell culture or in the frozen state since that time. The cell line 

used had been cultured with calf serum in the medium. It was obtained 

from Microbiological Associates, Bethesda, Md. 

Viruses 

The poliovirus used was poliovirus type 1 Sabin Vaccine strain 

(Wyeth). It was obtained in November 1962 from Dr. F. J. Brady, 

Director of the Pima County Health Department, Tucson, Arizona. 

Three different Herpes simplex virus strains were investigated. 

1. Herpes simplex virus, Maclntyre strain, which was isolated 

from human brain tissue in 1946 at the Viral and Rickettsial Disease 

Laboratory, California State Department of Health, Berkeley, California. 

This virus, Lot No. E-0955, had been passed 12 times in mouse brain, 

23 times in chorio-allantoic membranes of chick embryos, and 6 times 

in yolk sacs of chick embryos. The material was harvested March 23, 

1956 and was received in an ampoule containing 20 per cent yolk sac in 

17 
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skimmed milk. This material was frozen at -70°C. until used for this 

study. The virus was obtained from Dr. Robert J. Janssen, Depart

ment of Microbiology, at the University of Arizona, Tucson, Arizona. 

2. Herpes simplex virus isolated from a herpetic lesion from 

the lip of the author. The date of this isolation was October 28, 1965. 

The virus was rapidly passed in the HeLa cell line 7 times. 

3. Herpes simplex virus, O'Connell strain, which had been 

passed 9 times in HeLa cells after an unknown number of passages in 

mouse brain. This strain was obtained from Dr. Leroy C. McLaren, 

University of New Mexico School of Medicine, Albuquerque, New Mexicc 

Media, Reagents, Stains, 
and Glassware 

The growth and maintenance medium used for the growth of 

the HeLa cells was modified Hanks' Balanced Salt Solution (BSS) with 

0. 5 per cent Lactoalbumin hydrolysate (LAH) which was prepared as 

follows. 

Hanks' BSS 10X Concentration (500 ml) 

Solution 1 Solution 2 

NaCl 40. 0 gm. 

KCl 2. 0 gm. 

MgS04*7H20 0.5 gm. 

MgCl2*6H20 0.5 gm. 

Na2HP04 * 12HzO 0 . 76 gm. 

KH2P04 0.30 gm. 

Dextrose (CP) 20. 00 gm. 

CaCl- 0. 5 gm. 
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Each chemical was completely dissolved in demineralized, 

distilled water before the next was added. Solution 1 was poured into 

a 500 ml volumetric flask, and 20 ml of 0. 5 per cent phenol red was 

added. Solution 2 was poured in with a swirling action to prevent 

formation of precipitate and was brought to volume with demineralized 

water. The solution was filtered through a Hermann filter using a D-7 

pad under 4-6 pounds of pressure. The solution was dispensed in 50 ml 

amounts in sterile prescription bottles and refrigerated. 

Hanks' BSS IX Concentration with 0. 5 per cent LAH (1 liter) 

5.0 gms. Lactoalbumin hydrolysate 

0. 9 gms. NaCl 

The above ingredients were dissolved in demineralized, distilled water, 

100 ml of 10X Hanks' BSS was added, and brought to volume (1 liter) 

with demineralized distilled water. The solution was filtered through 

a D-10 filter in volumes of 180 ml into sterilized prescription bottles, 

and refrigerated. 

The serum used in these studies was new born calf serum from 

which the gamma globulin had been removed. It was obtained from 

Hyland Laboratories, Los Angeles, California. In future discussion, 

this will be referred to as agamma calf serum. 

To prepare growth medium, containing 10 per cent agamma 

calf serum, the following procedure was used. To 180 ml of Hanks' 

BSS with 0. 5 per cent LAH, 20 ml of agamma calf serum was added 
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asepticaUy. Penicillin to give a final concentration of 100 units/ml of 

medium and streptomycin to give a final concentration of . 0001 gm/ml 

of medium were added. The pH was adjusted to 7. 2 with the addition 

of 7. 5 per cent sterile NaHCO^. 

Maintenance medium containing 2 per cent agamma calf serum 

was prepared in the same manner, with the exception that 4 ml of agamma 

calf serum was added to 196 ml of IX Hanks' BSS with 0. 5 per cent LAH. 

Nobel agar overlay was used in the plaquing experiments with 

poliovirus, and was prepared as follows: 

Three gms. of Nobel agar (Difco) were dissolved in 97 ml of 

IX Hanks' BSS and autoclaved. At the time of use, this 3 per cent agar 

was melted, and 1 volume of agar was added to 3 volumes of growth 

medium (Hanks' BSS with 0. 5 per cent LAH^QCaS^Q) giving a final con

centration of 0. 75 per cent agar in the overlay. 

Methylcellulose overlay was used in the experiments with 

Herpes simplex virus, because that virus will not produce plaques 

under Nobel agar (McLaren 1965), and was prepared as follows: 

Three gms. of methylcellulose (Dow Chemical Co. 4000 CPS, 

USP) were dissolved in 100 ml of double distilled water. This was 

accomplished by autoclaving the powder in the water at 18 lbs. /sq. in. 

for 20 minutes. After autoclaving, the material was allowed to cool 

and final solution was achieved by stirring with a magnetic bar. To 1 

volume of methylcellulose, was added 1 volume of Hanks' BSS with 
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0.5 per cent LAH^QCaSjQ. The medium and methylceLlulose were 

stirred together with a magnetic bar overnight under refrigeration to 

give a homogenous mixture. The pH was adjusted to 7. 2 with the addi

tion of 7. 5 per cent sterile NaHCOg. This final overlay contained 1. 5 

per cent methylcellulose, and was refrigerated until ready for use. 

Trypsin was used during the course of these studies to harvest 

the HeLa cells, and was prepared as follows: 

Two and one-half gms. trypsin (Nat. Biochem. 1:300) were 

dissolved in 100 ml of 10X Puck's Saline A with the aid of a magnetic 

bar on a magnetic mixer. The volume was brought to 1 liter with 

double-distilled water. The following were added: 

6.4 ml amino acid stock (100X) 

6.4 ml vitamin stock (100X) 

6. 4 ml glutamine stock (200mM) 

The solution was filtered through Watman filter paper #1, and 

the pH was adjusted to 7. 5 with 7. 5 per cent NaHCO^* The trypsin was 

filtered under pressure through D-10 pads (Hormann Filter) and collected 

in 50 ml amounts in sterile prescription bottles and stored at -20°C. 

The first and last bottles of trypsin collected from the filter were 

tested for sterility. 

The dimethyl sulfoxide (DMSO) was obtained from Crown 

Zellerbach Co., Camas, Washington. It was not sterilized before use 

(Walker and Ashwood-Smith 1961) but was handled aseptically. It is 
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important when one adds dimethyl sulfoxide to liquids containing living 

cells or virus that the solutions be chilled, as dimethyl sulfoxide has a 

heat of solution at 20°C. of 60 cal/gm. 

The staining method used for the coverslips was as follows: 

May-Grunwald-Giemsa Stain 

1. Coverslips with confluent monolayers of HeLa cells washed 

in 3 rinses of warm BSS. 

2. Fixed for 5 minutes in absolute methanol. 

3. Stained for 10 minutes in filtered stock May-Grunwald 

solution. 

4. Stained for 20 minutes in dilute Giemsa solution (diluted 

1:15 in distilled water immediately before use). 

5. Rinsed rapidLy in distilled water (10-20 seconds). 

6. Quickly rinsed in 2 changes of acetone to dehydrate the 

tissue. 

7. Cleared by rinsing 3 times in acetone-xylol (2:1), 3 times 

in acetone-xylol (1:2), and 10 minutes in fresh xylol. 

8. Coverslips mounted on slides with balsam. 

A 1 per cent crystal violet solution in 20 per cent ethanol and 

distilled water made up the stain used for staining the monolayers in 

the plaquing experiments (Holland and McLaren 1959). For staining the 

monolayers, crystal violet was applied after removal of the agar, and 

allowed to remain for 2 minutes. The stain was rinsed off with tap water. 
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For the preparation of tissue culture slides for pathological 

studies, HeLa cells were grown on coverslips. The preparation of 

these coverslips was as follows: 

1. Coverslips were soaked in 1 per cent HCl overnight. 

2. The HCl was poured off and the coverslips were placed in 

water plus detergent, brought to boil, rinsed with hot water 10 times, 

warm water 10 times, and cold tap water 10 times. 

3. They were rinsed 4 times with single distilled water, and 

then 4 times with double distilled water. 

4. The water was drained off and absolute ethyl alcohol was 

added. 

5. A lint free linen cloth was used to polish each coverslip 

individually, 1 was placed in each tube and sterilized with dry heat. 

For the routine culture of HeLa cells, new 8 ounce prescrip

tion bottles were used. These bottles were only used once and then 

discarded. Preparation consisted of autoclaving at 18 lbs. /sq. in. for 

20 minutes at 121°C. before use. 

For plaquing experiments, 60 mm. plastic petri dishes (Falcon 

Plastics, Los Angeles, California) were used. These are purchased 

sterile and require no preparation prior to use. 
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Experimental Protocol 

"When a bottle -was received containing a full monolayer of HeLa 

cells (Microbiological Associates), the following procedures were used: 

1. The medium was removed and 10 ml of 0. 25 per cent trypsin 

was added to the monolayer. This was allowed to remain in contact with 

the cells for approximately 30 seconds and then decanted off. The bottle 

containing the cells was placed in an incubator at 37°C. for 15-20 

minutes. Frequent examinations were made during this time, accom

panied by a gentle rocking motion of the bottle. When the cell sheet 

was released from the glass, 10 ml of growth medium (IX Hanks' BSS 

0.5 per cent LAH^QCaSj^) was added. Clumps of cells were broken up 

by pipetting vigorously. 

2. The cells were counted using a hemocytometer, then 

diluted in an appropriate amount of growth medium to contain about 

150, 000 cells/ml. 

3. The cells were dispensed in sterile 8 ounce prescription 

bottles (10 ml/bottle). 

4. The bottles were incubated at 37°C. in a carbon dioxide 

incubator containing an atmosphere of 5 per cent CO^, 95 per cent air, 

and 100 per cent humidity. 

5. Bottles were examined daily, and fresh medium was added 

every 2 to 3 days. Between medium changes the pH was not allowed to 
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drop beLow 7. 0 and was adjusted to 7. 2 with the addition of sterile 7. 5 

per cent NaHCO^. 

6. At the end of 6 to 7 days, a dense monolayer was formed, 

and at this time, the cells were again harvested for use in experiments 

or further propagation of the cell line. Sufficient cells were grown and 

frozen at -70°C. to maintain stock cultures. 

For the preparation of plates for plaquing experiments, the 

cells were harvested as described, counted, and diluted with growth 

medium to contain 250, 000 cells/ml. This cell suspension was pipetted 

with a Cornwall pipette into sterile plastic petri plates (5 ml/plate). 

Before incubation the plates were gently rocked for 2 to 3 minutes to 

insure uniform distribution of the cells in the medium. If this was not 

done, uniform monolayers were not obtained. The plates were incubated 

at 37°C. in a carbon dioxide incubator. Plates were observed daily, and 

the pH was maintained at 7. 2 with the addition of 7. 5 per cent NaHCOy 

At the end of 3 to 4 days, a dense, uniform monolayer formed, and the 

plates were ready for experimental use. 

Nobel agar overlay was used in the poliovirus experiments. 

After adsorption of poliovirus to the HeLa cell monolayer for 1 hour, 

5 ml of Nobel agar was added at 40-45°C. to the infected monolayers. 

These plates were incubated right-side-up at 37°C. in the carbon dioxide 

incubator for 48 hours. At the end of this time, the agar was removed, 

the monolayers stained with crystal violet, and the plaques were counted. 
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Methylcellulose overlay was used in the experiments with 

Herpes simplex virus. After the Herpes simplex virus was adsorbed 

to the cell monolayer for 1 hour, 5 ml of methylcellulose was added; 

and the plates were incubated at 37°C. in the carbon dioxide incubator 

for 96 hours. At the end of this period the methylcellulose was removed 

and the monolayer was stained with crystal violet. 

For the preparation of coverslips, HeLa cells were harvested 

and diluted with growth medium (IX Hanks' BSS 0. 5 per cent LAH^q 

CaS^) to contain 150, 000 cells/0.4 ml. Into each tube containing a 

coverslip, 0.4 ml of cells was added. The tubes were tapped gently 

on the bottom causing the coverslip to attach to the upper side of the 

tube, with the 0.4 ml of medium containing the cells, between the wall 

of the tube and the coverslip. The tubes were placed in a horizontal 

position for 1 hour allowing the cells to attach to the coverslip. At the 

end of this time the tubes were tapped gently to release the coverslip 

from the upper wall of the tube, and 0. 6 ml of growth medium was 

added. The tubes were stoppered with rubber corks and allowed to 

incubate at 37°C. for 2 days until a confluent monolayer was formed 

on the coverslip. At this time the coverslips were ready for experi

mental use. 

For the preparation of virus stocks, growth medium was 

removed from a bottle containing a full monolayer of HeLa cells and 

washed with IX Hanks' BSS. The fluid was then decanted. To the 
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monolayer was added 1 ml of a 10 ^ dilution of poliovirus suspension. 

This virus suspension was adsorbed to the cellular monolayer for 1 

hour at 37°C. Then 10 ml of maintenance medium (IX Hanks' BSS 

0. 5 per cent LAH^gCaS^) was added. The bottle was incubated for 48 

hours at 37°C. in the carbon dioxide incubator. At the end of this 

period the cell sheet was completely destroyed due to the cytopathogenic 

effect of the poliovirus. The cellular material and fluid were pipetted 

into a sterile centrifuge tube, the pH adjusted to 7. 2 and the contents 

centrifuged at 500 RPM for 5 minutes. The supernatant fluid was 

removed with a syringe and needle, and 0. 5 ml amounts were dispensed 

into glass ampoules which were sealed and then placed at -70°C. for 

storage. 

The procedure for the preparation of the Herpes simplex 

virus seed was identical in all respects with the exception that the 

cultures were allowed to incubate for 72 hours before harvesting. 

To determine the titer of the frozen poliovirus seed stock, the 

following procedures were used: Plates containing HeLa cell mono

layers were prepared. Growth medium was removed from the mono

layers and 1 ml of virus suspension varying in dilution in 10 fold steps 

from 10~* to 10~® was added to each plate. The virus was allowed to 

adsorb 1 hour at 37°C. in a carbon dioxide incubator and then 5 ml of 

Nobel agar at a temperature of 40-45°C. was added to each plate. These 

plates were incubated for 48 hours at 37°C. in a carbon dioxide incubator. 
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The agar was removed, and the monolayers stained with crystaL violet. 

Plaques were counted at 12. 5 X magnification. The titer of the virus 

suspension was calculated on the basis of the plaque count at 10"^ dilu

tion. Averaging the counts from 14 separate trials, the titer of the virus 

was found to be 2. 5 X 10 plaque forming units (P. F. U. ) per ml. 

To confirm that the virus used for experimentation was polio-

virus type 1, serum neutralization tests were carried out with type 

specific antiserum. The following procedures were used: Plastic petri 

dishes containing confluent monolayers of HeLa cells were prepared. 

Ten fold dilutions of poliovirus were made in growth medium (Hanks' 

BSS 0. 5 per cent LAH^QCaS^Q) from 10~* through 10"^ dilutions. The 

plates were divided into 3 groups. Group I was considered as the virus 

control and the following procedures were used. One ml of different 

2 ZL 
virus dilutions from 10 through 10 was added to the plates. The 

virus was alLowed to adsorb for 1 hour at 37°C. The cellular control 

in this group received no virus, but 1 ml of growth medium was added 

to the plate. After the adsorption period, 5 ml of Nobel agar at a 

temperature of 40-45°C was added to each plate. 

Five ml of Nobel agar at a temperature of 40-45°C. was poured 

on the monolayers of the plates in Group II, and the agar was allowed to 

solidify. Two sterile filter paper disks (10 mm. ) were placed on the 

surface of the agar of the control plate. To the rest of the plates were 

added 2 paper disks which had been dipped into the virus material, these 
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dilutions running in 10 fold steps from 10° through 10"^. These disks 

were placed directly on the agar. 

Group III plates were handled as those in Group II, with the 

following exceptions: To the control plate were added 2 filter paper 

disks which had been saturated with type specific antiserum. Other 

plates in the group received 2 serum disks also, and on top of these 

disks were placed disks containing the virus suspension (dilutions 10° 

through 10"^). All plates were incubated at 37°C. in a carbon dioxide 

incubator for 48 hours. After incubation, the agar was removed, and 

the monolayers stained with crystal violet. 

The plates in Group I (virus controls) showed varying degrees 

of CPE caused by the virus ranging from 100 per cent CPE at a viral 

dilution of 10"^ to 80 per cent CPE at 10"^ dilution. A virus dilution 

p /L 
of 10~D gave 93 plaques, and a dilution of 10 gave 16 plaques. 

The plates in Group II (receiving virus on disks) showed areas 

of CPE under the disks containing viral dilutions of 10° and 10"^, and 

no CPE at higher dilutions. The results demonstrated that the virus 

had diffused through the agar to infect the monolayer beneath and 

caused CPE. 

In Group III (virus disks plus serum disks) no CPE was evident 

on the monolayer under any of the disks, indicating that the virus had been 

neutralized by the type specific antiserum which diffused through the agar 

from the serum disks. Cellular controls in all groups were negative. 



RESULTS 

Toxicity Studies 

Coverslips were prepared, and HeLa ceLi monolayers were 

grown on them. When a confluent monolayer was obtained, the follow

ing procedures were used: The growth medium was removed with a 

steriLe bent-tip capillary pipette, and the tubes containing the cover-

slips were divided into 5 groups, each containing 4 tubes. Each tube 

in these groups received 1 ml of maintenance medium (Hanks' BSS 

0. 5 per cent LAHggCaS2) containing 1 of the following concentrations 

of dimethyl sulfoxide 0 per cent, 2. 5 per cent, 3 per cent, 3. 5 per 

cent, and 4 per cent. The tubes were stoppered, and incubated at 37°C. 

for 48 hours. At the end of this period, the coverslips were removed 

from the tubes and stained with May-Grunwald-Giemsa stain. This 

stain is recommended for monolayer cultures to demonstrate differ

entially ribo- and deoxyribo-nucleoproteins (RNA-protein and DNA-

protein). With this procedure DNA-protein stains red-purple while 

RNA-protein is blue. The slides were then examined microscopically 

by a pathologist, Dr. Gerd T. Schloss. The microscopic examination 

of the cells showed no observable difference between those cells treated 

with dimethyl sulfoxide and those without treatment. The appearance 

of the RNA-protein and the DNA-protein was the same in all groups. 

30 



31 

The only difference among the groups was that as the percentage of 

dimethyL sulfoxide increased, the numbers of cells remaining attached 

to the coverslips decreased slightly. 

Plating Experiments 

In order to determine the effects of dimethyl sulfoxide on He La 

cell monolayers when they were overlayed with Nobel agar, the follow

ing experiments were designed: 

HeLa cell monolayers were grown in plastic petri dishes. When 

a confluent monolayer was obtained, the liquid growth medium was 

removed aseptically and 5 ml of Nobel agar at a temperature of 40-

45°C. containing 0 per cent, 1 per cent, 2 per cent, 2. 5 per cent, 3 per 

cent, 5 per cent, and 10 per cent of dimethyl sulfoxide was applied to 

the monolayers. These plates were then incubated at 37°C. in a carbon 

dioxide incubator for 48 hours. At the end of this period the Nobel agar 

was removed and the monolayers were stained with crystal violet. 

To indicate the overall condition of the cellular monolayer after 

treatment with dimethyl sulfoxide, the method of reporting was that used 

by Porterfield and Ashwood-Smith (1962). The number 4-£- was assigned 

to those plates having the heaviest growth of cells, while 3+, 2-f-, and 1+ 

indicated monolayers with decreasing numbers of cells present. The 

number 1+ was assigned to plates which had enough cells present in the 
• 

monolayer to support viral growth. The following results are representative 
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of 3 experiments. When cells were treated with 0 per cent and 1 per 

cent dimethyl sulfoxide, the overall condition of the cellular monolayer 

was 4 +. In plates treated with 2 per cent and 2. 5 per cent dimethyl 

sulfoxide, the cellular condition was 3+. When treated with 3 per cent 

dimethyl sulfoxide, the cell sheet showed growth of 1+ to 2+. A5 per 

cent treatment gave a + cell sheet with too few cells left to support 

viral growth, and with 10 per cent dimethyl sulfoxide, there were no 

cells remaining on the plates. It was determined that 5 per cent dimethyl 

sulfoxide was the upper limit that HeLa cells would tolerate, and a con

centration of dimethyl sulfoxide below this figure was used in all further 

exp er im e ntatio n. 

Diffusion Experiment 

It appeared desirable to investigate the diffusion of dimethyl 

sulfoxide through the Nobel agar overlay, with the possibility in mind 

that virus-infected monolayers might be treated by placing disks 

saturated with dimethyl sulfoxide on the surface of the agar overlay. 

This method was used by Hermann et al. (I960) for the detection and 

bioassay of antiviral substances. 

HeLa monolayers were prepared; and when a confluent mono

layer was obtained, the growth medium was removed, and 5 ml of 

Nobel agar at a temperature of 40-45°C. was added to each plate. 

Sterile 10 mm. filter paper disks were dipped in 2. 5 per cent, 5 per 
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cent, 10 per cent, 15 per cent, 20 per cent, 30 per cent, 40 per cent, 

50 per cent, 60 per cent, 70 per cent, 80 per cent, and 90 per cent 

dimethyl sulfoxide and 3 disks were placed upon the surface of the 

solidified Nobel agar in each plate. The plates were incubated for 48 

hours, the agar was removed, and the monolayers stained with crystal 

violet. 

The cell growth of the monolayer in the untreated control was 

3+. The overall growth of the cellular monolayers of the treated plates 

ranged from 3+ to 2+. There was no damage to the cells in plates being 

treated with a concentration of up to 5 per cent dimethyl sulfoxide. At 

the 10 per cent and 15 per cent concentrations, there was a slight 

amount of cellular destruction to the monolayer directly under the 

disks, while 20 per cent, 30 per cent, and 40 per cent treatment showed 

no damage. Above the 50 per cent treatment level, there was cellular 

destruction under the disks. As the results indicated, with the disk 

method one is able to use much higher dilutions of dimethyl sulfoxide, 

as a smaller volume is contained on the disk, and it diffuses "through 

the agar overlay, giving a much lower percentage actually reaching 

the cellular monolayer. 

Outgrowth Studies 

To determine if dimethyl sulfoxide would affect the ability of 

HeLa cells to attach to the surface of the petri dishes, the following 

investigation was made: 
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HeLa cells "were harvested from bottles with confluent mono

layers. These cells were then diluted in growth medium (Hanks' BSS 

0.5 per cent LAHgoCaS^Q) containing 2.5 per cent dimethyl sulfoxide. 

The plates were then prepared as usual and incubated at 37°C. in a 

carbon dioxide incubator for 4 days and observed daiLy. The HeLa 

cells in the 2. 5 per cent dimethyl sulfoxide attached to the plates as 

readily as the cells in the control plates without dimethyl sulfoxide, 

but the subsequent outgrowth was not as heavy when compared with 

controls. At the end of 4 days the growth medium was removed and 

the monolayers stained with crystal violet. The control plates showed 

a 3+ outgrowth while the treated plates showed a 2-f- outgrowth. This 

indicated that the presence of dimethyl sulfoxide during the active 

growth phase of the cells inhibited the cell growth slightly when com

pared with the untreated controls. 

Effects of Dimethyl Sulfoxide on Polio-
virus before Adsorption of the Virus 
to the Cellular System 

Virus dilutions were made in chilled growth medium in 10 fold 

steps from 1:5 to 1:50, 000, 000 dilutions in 4 sets of sterile tubes. To 

the tubes in Group I were added equal volumes of plain growth medium, 

- 1  -  8  giving a final virus dilution of 10" through 10" . Tubes in Group II 

received equal volumes of chilled growth medium containing 6 per cent 

-1 - 8 dimethyl sulfoxide giving final virus dilutions of 10" through 10" and 
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a final concentration of 3 per cent dimethyl sulfoxide. To tubes in 

Group III were added equal volumes of chilled growth medium contain-

ing 7 per cent dimethyl sulfoxide, giving final virus dilutions of 10~* 

- 8 through 10" and a final concentration of 3. 5 per cent dimethyl sulf

oxide. To tubes in Group IV were added equal volumes of chilled 

growth medium containing 8 per cent dimethyl sulfoxide, giving a final 

— 1 - 8 virus concentration of 10" through 10" and a final concentration of 4 

per cent dimethyl sulfoxide. 

These 4 groups of tubes containing virus plus growth medium 

and virus plus the various percentages of dimethyl sulfoxide in growth 

medium were placed under refrigeration for 30 minutes. Then 1 ml 

amounts were inoculated on the HeLa cell monolayers and allowed to 

adsorb for 1 hour. At the end of this period 5 ml of plain Nobel agar 

was poured on each plate. These plates were incubated at 37°C. in a 

carbon dioxide incubator for 48 hours, the agar was removed, the mono 

layers stained with crystal violet and the plaques counted. The results 

of this experiment are found in Table 1. As shown in the table, there 

was no significant difference in the numbers of plaques produced by 

virus diluted with plain growth medium and by virus diluted with growth 

medium containing varying percentages of dimethyl sulfoxide. When 

poliovirus was exposed to dimethyl sulfoxide in these percentages (3, 

3, 5, and 4) for 30 minutes, it showed no loss of ability to adsorb to a 

cellular monolayer and initiate infection of these cells. 
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Table 1. Effects of dimethyl sulfoxide on poliovirus before adsorption 
of the virus to the cellular system. Exposure time 30 
minutes. 

Diluent 
Virus 
Dilution 0% DMSQ 3% DMSQ 3. 5% DMSO 4% DMSO 

Numbers of Plaques Produced 

Control 4+ cell sheet 4+ cell sheet 4-f cell sheet 4-f- cell 

J—
• o
 

I un
 

# # # # 

lO-6 20 ' 17 24 18 

10"7 4 5 6 4 

10"'8 1 2 3 0 

4+ indicates heavy confluent monolayer. 
# indicates plaques too numerous to count. 
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The same experiment was repeated, with the time of virus 

contact with dimethyl sulfoxide extended to 24 hours. The results of 

this experiment are found in Table 2. There was no significant differ

ence in the numbers of plaques produced by virus diluted with growth 

medium and by virus diluted with growth medium containing varying 

percentages of dimethyl sulfoxide. When poliovirus was exposed to 

dimethyl sulfoxide in these percentages (3, 3. 5, and 4) for 24 hours, 

it showed no loss of ability to adsorb to a cellular monolayer and initiate 

infection of these cells. Figures 1, 2, and 3 are photographs taken of 

representative plates of these experiments. It can be observed in these 

photographs that there was no loss of ability of the virus to infect the 

monolayer and to produce plaques when held in contact with 3 per cent, 

3. 5 per cent, and 4 per cent dimethyl sulfoxide for 24 hours. Plates 

showing 3. 5 per cent dimethyl sulfoxide treatment were omitted because 

of space limitation. It was decided to photograph the 4 per cent plates 

as they showed the final concentration used in the experiments. 

Effects of Dimethyl Sulfoxide on 
Poliovirus after Adsorption of the 
Virus to the Cellular System 

Growth medium was removed from confluent HeLa cell mono

layers and 1 ml of virus suspension diluted 10"^ through 10"^ in growth 

medium was added to each plate, except cellular controls to which 1 ml 

of growth medium was added. The virus was adsorbed to the HeLa cell 
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Table 2. Effects of dimethyl sulfoxide on poliovirus before adsorption 
of the virus to the cellular system. Exposure time 24 hours. 

Diluent 
Virus 
Dilution 0% DMSO 3% DMSO 3. 5% DMSO 4% DMSO 

Numbers of Plaques Produced 

Control 4+ cell sheet 4+ cell sheet 4+ cell sheet 4+ cell sheet 

lO"4 # # # # 

10-5 ## 202 ## 201 ## 199 ## 225 

10"6 35 27 31 41 

10"7 6 7 6 15 

Results representative of two experiments. 
4+ indicates heavy confluent monolayer. 
# indicates plaques too numerous to count. 
## indicates areas of confluent plaquing. 



Figure 1. Photograph showing the effects of dimethyl sulfoxide on 
poliovirus before adsorption of the virus to the cellular 
system. Exposure time 24 hours. Cell controls. 
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Figure 2. Photograph showing the effects of dimethyl sulfoxide on 
poliovirus before adsorption of the virus to the cellular 
system. Exposure time 24 hours. Virus dilutions 10"^ 
and 10"5. 
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Figure 3. Photograph showing the effects of dimethyl sulfoxide on 
poliovirus before adsorption of the virus to the cellular 
system. Exposure time 24 hours. Virus dilutions 10~6 
and 1 0-7. 
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•monolayer for 1 hour at 37°C. In Group I 5 ml of Nobel agar at a 

temperature: of 40-45°C. was added to each plate. Nobel agar with a 

concentration of 2. 5 per cent dimethyl sulfoxide was added to plates in 

Group II. Plates were incubated 48 hours at 37°C. in a carbon dioxide 

incubator. At the end of this period, the agar was removed, the cell 

monolayers stained with crystal violet, and the plaques were enumerated. 

The results of 3 experiments are found in Table 3. When 2. 5 per cent 

dimethyl sulfoxide in the agar overLay was in contact with the infected 

monolayer for 48 hours, there was a slight decrease in the numbers of 

plaques produced when compared with the numbers of plaques produced 

under plain Nobel agar. These differences are shown in Figure 4 and 

represent the results of 3 experiments. The plaques produced in the 

presence of dimethyl sulfoxide were also smaller than those produced 

under plain Nobel agar. 

Since 2. 5 per cent dimethyl sulfoxide in the agar overlay gave 

a slight reduction in the numbers of plaques produced by poliovirus, 

further experiments were conducted using higher concentrations of 

dimethyl sulfoxide (3 per cent and 3. 5 per cent). 

The procedures for these experiments were identical with the 

2. 5 per cent dimethyl sulfoxide trials with the exception that the Nobel 

agar used in these trials contained a concentration of 3 per cent and 

3. 5 per cent dimethyl sulfoxide. 
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Table 3. Effects of 2. 5 per cent dimethyl sulfoxide on poliovirus after 
adsorption of the virus to the cellular system. Exposure 
time 48 hours. 

Nobel Agar Overlay 
Virus 
Dilution 0% DMSO 2. 5% DMSO 

Numbers of Plaques Produced 

Control 3+ cell sheet 2+ cell sheet 

10-3 # # 

10-4 # # 

10-5 # 

io-6 ## 

10~7 34 20 

10"8 21 14 

10"9 6 4 

Results representative of three experiments. 
3+ indicates moderately heavy confluent monolayer. 
2+ indicates confluent monolayer. 
# indicates plaques too numerous to count. 
## indicates areas of confluent plaquing. 



Figure 4. Effects of 2. 5 per cent dimethyl sulfoxide on poliovirus after 
adsorption of the virus to the cellular system. Exposure 
time 48 hours. 
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The results of 3 experiments are shown in Table 4. When the 

infected monolayer was in contact with 3 per cent and 3. 5 per cent 

dimethyl sulfoxide incorporated into the agar overlay for 48 hours, 

there was a decrease in the numbers of plaques produced, when com

pared with the numbers of plaques produced under plain Nobel agar. 

The plaques produced in the presence of dimethyl sulfoxide were also 

smaller than those produced under plain Nobel agar. 

The data contined in Table 4 indicate that the reduction in 

-4 -5 plaquing was especially marked at viral dilutions 10 and 10 . With 

a virus dilution of 10~^ in the untreated plates, the plaques were too 

numerous to count, while at the same Virus dilution, plates treated 

with 3 per cent dimethyl sulfoxide gave an average plaque count of 202. 

Plates treated with 3. 5 per cent dimethyl sulfoxide showed a further 

reduction of plaquing, with an average count of 125 plaques. This 

reduction in plaquing is illustrated graphically in Figure 5. Figures 6, 

7, and 8 are photographs taken of representative plates from these 

experiments. Figure 7 shows the marked reduction in plaquing pro

duced by treatment with 3 per cent and 3. 5 per cent dimethyl sulfoxide, 

A r B _ C 

at viral dilutions of 10" and 10" . At a viral dilution of 10 there 

was a 55 per cent reduction in the numbers of plaques produced in plates 

treated with 3 per cent dimethyl sulfoxide compared with the numbers 

produced in untreated plates. At the same virus dilution there was a 

76 per cent reduction in the numbers of plaques produced in plates 
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Table 4. Effects of 3 per cent and 3. 5 per cent dimethyl sulfoxide on 
poliovirus after adsorption of the virus to the cellular system. 
Exposure time 48 hours. 

Nobel Agar ̂ Overlay 
Virus 
Dilution 0% DMSQ 3% DMSO 3. 5% DMSO 

Numbers of Plaques Produced 

Control 4+ cell sheet 3+ cell sheet 3+ cell sheet 

1 0 - 4  # 2 0 2  1 2 5  

1 0 - 5  1 1 6  5 2  2 8  

i o - 6  3 1  1 3  7  

1 0 " 7  1 0  5  3  

1 0 ~ 8  8  5  4  

Results representative of three experiments. 
4+ indicates heavy confluent monolayer. 
3+ indicates moderately heavy confluent monolayer. 
# indicates plaques too numerous to count. 
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Figure 6. Photograph showing the effects of 3 per cent and 3. 5 per cent 
dimethyl, sulfoxide on poliovirus after adsorption of the virus 
to the cellular system. Exposure time 48 hours. Cell 
controls. 
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Figure 7. Photograph showing the effects of 3 per cent and 3. 5 per cent 
dimethyL sulfoxide on poLiovirus after adsorption of the virus 
to the cellular system. Exposure time 48 hours. Virus 
dilutions 10"^ and 10""-'. 
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Figure 8. Photograph showing the effects of 3 per cent and 3. 5 per cent 
dimethyl sulfoxide on poliovirus after adsorption of the virus 
to the cellular system. Exposure time 48 hours. Virus 
dilutions 10"^ and 10-7. 
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treated with 3. 5 per cent dimethyl sulfoxide when compared with the 

numbers produced in the untreated plates. 

Statistical Analysis 

The results of the experiments reported in Table 4 were sub

jected to statistical analysis. However, not all of the data in these 

three experiments could be included in the analysis, due to the pres

ence of areas of confluent plaquing at certain virus dilutions. In such 

areas plaques were too numerous to permit counting. Table 5 presents 

the raw data from the three experiments which were analyzed using the 

values after logarithmic transformation. Table 6 contains a summary 

of the analysis of this data. From this table one can see that there 

was a significant difference at the 99 per cent level of confidence in the 

numbers of plaques produced in cultures with different concentrations 

of dimethyl sulfoxide. 

Effects of Dimethyl Sulfoxide Contained 
in Methylcellulose on Poliovirus after 
Adsorption of the Virus to 
the Cellular System 

To determine if the inhibitory effect of dimethyl sulfoxide 

upon plaquing would be exhibited with an overlay other than Nobel agar, 

an experiment was designed utilizing methylcellulose. HeLa cell 

monolayers in plastic petri dishes were prepared. Poliovirus dilutions 

were made in growth medium (Hanks' BSS 0. 5 per cent LAH^QCaS^) in 
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Table 5. Effects of various concentrations of dimethyl sulfoxide on 
plaque formation by poliovirus. Exposure time 48 hours. 

Nobel Agar 
Virus 

Trial Dilution 0% DMSO 3% DMSO 3. 5% DMSO 

Numbers of Plaques Produced 

1 10~6 40 30 9 

2 10"7 19 14 6 

3 10"8 8 5 4 

4 10"5 96 44 16 

5 lO"6 25 13 6 

6 10"7 5 3 1 

7 10"5 115 47 36 

8 10"6 29 8 6 

9 10"7 7 2 2 
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.Table 6. Summary of analysis of variance of plaque production with 
different treatments of dimethyl sulfoxide. 

Source of Sum of Degrees of Mean 
Variation Squares Freedom Square 

Total 7.067 26 

Trials 5. 291 8 0.661 46.9* 

Treatments 1. 550 2 0. 775 54. 9* 

Error 0. 226 16 0. 014 

* p<0. 01. 

F is the ratio of mean square of source to the error mean square. 
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1 7 dilutions of 10 through 10" . One ml of virus suspension was added 

to each plate and allowed to adsorb for 1 hour at 37°C. To cellular 

controls 1 ml of growth medium was added. After the period of virus 

adsorption, the plates were divided into 2 groups. One group received 

5 ml of methylcellulose and the other group received methylcellulose 

containing 3 per cent dimethyl sulfoxide. The plates were then 

incubated at 37°C. in a carbon dioxide incubator for 48 hours. The 

methylcellulose was removed by the following method: To each plate 

was added 5 ml of warm Hanks' BSS, this was swirled gently to dilute 

the methylcellulose and the mixture was decanted. This procedure was 

repeated until all of the methylcellulose had been removed from the 

monolayer. The monolayer was then stained with crystal violet. 

Upon examination of these plates, no plaques were visible 

macroscopically, either in the untreated controls or those plates 

receiving 3 per cent dimethyl sulfoxide. Using 12. 5 X magnification, 

one could see small localized areas of cytopathogenic effect (CPE), on 

the monolayer, but the cells had not come off of the surface of the 

petri dish, to produce clear areas that could be called plaques. These 

localized areas of CPE were counted and the results are found in Table 7. 

Upon analyzing the data included in Table 7 there was an imme

diate awareness of the small numbers of areas of CPE found in the 

untreated controls and in those receiving 3 per cent dimethyl sulfoxide. 

One would expect the cell sheets to be completely destroyed in those 
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Table 7. Effect of 3 per cent dimethyl sulfoxide contained in methyl -
cellulose on poliovirus after adsorption of the virus to the 
cellular system. Exposure time 48 hours. 

Methylcellulose Overlay 
Virus 
Dilution 0% DMSO 3% DMSO 

Areas of Cytopathogenic Effect 

Control 4-f- cell sheet 3+ cell sheet 

10"1 23 13 

10"3 10 4 

10"5 14 2 

1 0 ~ 6  1 1  2  

10" 7  12  2  

4+ indicates heavy confluent monolayer. 
3+ indicates moderately heavy confluent monolayer. 
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-1 -3 plates inoculated-with viral dilutions of 10 and 10 , large areas of 

_5 CPE in those plates inoculated -with a 10 dilution of the virus, and 

decreasing areas at higher dilutions of the virus. There was apparently 

some factor present in methylcellulose which inhibited plaquing and 

caused a marked reduction in the titer of the virus. The results of 

this experiment were verified by a second trial. This inhibiting effect 

of methylcellulose made it impossible to arrive at any conclusions about 

the action of 3 per cent dimethyl sulfoxide in the system. 

Herpes Simplex Virus Studies 

It appeared worthwhile at the conclusion of the experiments 

with poliovirus, to make a comparative study using a DNA virus. 

Herpes simplex was the virus chosen for this purpose. 

The first strain of Herpes simplex virus investigated was the 

Maclntyre strain. Difficulty was encountered with this strain as it 

would not produce plaques on the HeLa cell monolayer. In titration 

studies with HeLa cell monolayers grown in tubes, CPE was obtained 

when tubes were inoculated with 0. 1 ml of a 10"^ dilution of the virus. 

To determine whether rapid passage of the virus in HeLa cells might 

improve its plaquing ability, the virus was passed at short intervals in 

tubes containing HeLa cell monolayers for 12 passages. At the end of 

this time, the virus still did not produce distinct plaques. Only a 

generalized CPE of the monolayer was observed, and further work with 

this strain was discontinued. 
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The opportunity arose at this time to isolate a strain of Herpes 

simplex virus. The source of the virus was a herpetic lesion on the lip 

of the author. In titration studies with this strain, CPE was obtained 

in HeLa cell tubes inoculated with 0. 1 ml of a 10"^ dilution of the virus 

and incubated for 4 days. This strain too, gave generalized CPE, but 

not distinct plaquing. The virus was passed rapidly in tubes containing 

HeLa cell monolayers for 7 passages. At the end of these passages the 

virus caused generalized CPE of the HeLa cell monolayer, but only 

occasionally produced distinct, discernible plaques. Work with this 

strain was discontinued. 

The third strain of Herpes simplex virus investigated was the 

O 'Connell strain which had been passed in HeLa cells 9 times prior to 

receiving it in this laboratory. In preliminary experiments with the 

O 'Connell strain, the following methods were used. HeLa cell mono

layers were prepared in plastic petri dishes. Virus suspensions were 

1 6 
prepared in growth medium in dilutions of 10 through 10 . One ml 

of virus suspension of each dilution was adsorbed to the monolayer for 

1 hour. After adsorption, 5 ml of methylcellulose was added to the 

plates, and they were incubated at 37°C. in a carbon dioxide incubator 

for 96 hours. After incubation the methylcellulose was removed and 

the monolayer was stained with crystal violet. Great difficulty was 

encountered in removing the methylcellulose from the monolayers. 

The monolayers had a tendency to detach as the methylcellulose was 
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removed. However, in areas where the cells remained attached to the 

petri plates, it was found that the O'Connell strain did produce plaques 

on the HeLa cell monolayers in the preliminary experiments. 

Three experiments were performed incorporating 3 per cent 

and 3. 5 per cent dimethyl sulfoxide in the methylcellulose overlay and 

-2 -5 
using an inoculum of 1 ml of virus at dilutions of 10 through 10 

Great care was used in removing the methylcellulose from the mono

layers, but some difficulty was still encountered as cells tended to 

come off with the overlay. In plates where the cellular monolayer was 

still intact, plaquing was sporadic at the same viral dilutions, making 

accurate counts impossible. As a result of these difficulties, studies 

on Herpes simplex virus were discontinued. 



DISCUSSION 

Toxicity Studies 

As reported in the previous section, experiments -were designed 

to determine the effects of various concentrations of dimethyl sulfoxide 

on HeLa cells. HeLa cells were grown on coverslips and exposed to 

varying concentrations of dimethyl sulfoxide. A differential stain for 

RNA-protein and DNA-protein was employed for staining the coverslips. 

Microscopic examination of these cells revealed no difference between 

those cells treated with dimethyl sulfoxide and the control preparations. 

The appearance of the RNA-protein and the DNA-protein was the same 

in all groups; but as the percentage of dimethyl sulfoxide increased, the 

numbers of cells remaining attached to the coverslips decreased. This 

same effect was noted in the experiments with HeLa cells grown on 

petri plates and over lay ed with agar containing dimethyl sulfoxide. One 

per cent dimethyl sulfoxide caused no change in the monolayer, 2 per 

cent and 2. 5 per cent gave a slight decrease in the numbers of cells, 3 

per cent gave a further decrease, and at 5 per cent there were very few 

cells attached to the plates. With 10 per cent dimethyl sulfoxide there 

were no cells in evidence. The results of these experiments indicated 

that 5 per cent was the upper limit of dimethyl sulfoxide concentration 

that the cells could tolerate. It was determined that the optimum 

59 
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concentration of dimethyl sulfoxide to use in experimentation would lie 

between 2.5 per cent and 3.5 per cent, because at these concentrations, 

the condition of the monolayer was such that it could support viral 

growth. 

The results of these studies in which HeLa cells were grown 

on coverslips and petri plates and subjected to varying concentrations of 

dimethyl sulfoxide, seemed to indicate that within a given population of 

HeLa cells, there was a varying degree of sensitivity to the effects of 

dimethyl sulfoxide. This might explain the presence of normally-

appearing cells left on the coverslips, after treatment with dimethyl 

sulfoxide, while those cells that were more highly sensitive would no 

longer be attached to the coverslip surface. Buthala (1964) reported 

that cells undergoing cellular division appeared to be more sensitive to 

the presence of antiviral agents in the medium, while cells in the rest

ing state were affected to a lesser degree, probably due to the slower 

rate of uptake of the chemical. Kite and Doebbler (1961) and Bouroncle 

(1965) all reported that HeLa celLs would toLerate 5-10 per cent con

centrations of dimethyl sulfoxide during freezing. It must be remembered 

however, that these cells were frozen and not in a state of active 

metabolism. 

The results of the experiments with disks saturated with 

dimethyl sulfoxide clearly indicated that dimethyl sulfoxide would 

diffuse through the agar overlay. This was shown by the presence 
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of areas of cellular destruction under the disks containing 5 0-90 per 

cent of dimethyl sulfoxide. Very slight changes were evident on the 

monolayer as a whole; and this would be expected, as the dimethyl 

sulfoxide was diluted considerably as it diffused through the agar, 

before reaching the ceLlular monolayer. 

Porterfield and Ashwood-Smith (1962) reported on the attach

ment and outgrowth of chick embryo cells in growth medium containing 

various percentages of dimethyl sulfoxide. The cells in their experi

ment were incubated for 4 days. They determined that with 2. 5 per cent 

dimethyl sulfoxide in the growth medium there was no reduction in the 

attachment of chick embryo cells or the final outgrowth (3+), when com

pared with the untreated controls (3+). In the work reported here, no 

reduction was found in the attachment of cells treated with 2. 5 per cent 

dimethyl sulfoxide, as compared with untreated controls; however, the 

final outgrowth of treated cells (2+) was less than in the untreated con

trols (3+). This apparent difference in outgrowth when compared to the 

results of Porterfield and Ashwood-Smith, might be attributed in part 

to the fact that their inoculum of cells was 2 X 10^ while the cell 

inoculum per plate in these experiments was 1. 25 X 10^. HeLa cells 

may also show a greater degree of sensitivity to the presence of 

dimethyl sulfoxide in the growth medium than do chick embryo cells. 

The results of this experiment suggested that the presence of 2. 5 per 

cent dimethyl sulfoxide in the growth medium did not affect the attachment 
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of HeLa ceLls to the surface of the petri plates, while the cellular out

growth was slightly reduced. 

Effects of Dimethyl Sulfoxide on 
Poliovirus before Adsorption of 
the Virus to the Cellular System 

Two groups of experiments were set up. In the first group 

poliovirus dilutions were made in growth medium containing 3 per cent, 

3.5 per cent, and 4 per cent concentrations of dimethyl sulfoxide, and 

held at 4°C. for 30 minutes. The second group was handled identically 

with the exception that it was held at 4°C. for 24 hours. 

The results of the first experiment are found in Table 1. In 

comparing the numbers of plaques produced in the untreated controls, 

with the plaques produced in the treated plates, it was apparent that 

there was no significant difference in numbers. 

The data showing the effects of a 24 hour exposure of poliovirus 

to dimethyl sulfoxide are found in Table 2. In comparing these data, 

one can determine that there was no significant decrease in numbers of 

plaques produced with varying concentrations of dimethyl sulfoxide con

tained in the virus diluent, when compared with the untreated controls. 

The absence of any effect on numbers of plaques produced is shown in 

Figures 1, 2, and 3 which are photographs taken of representative plates 

of these experiments. 
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The results of these findings suggested that concentrations of 

3 per cent, 3. 5 per cent, and 4 per cent dimethyl, sulfoxide -when con

tained in growth medium were not viricidal to poliovirus when held in 

contact for 24 hours at 4°C. The results seemed to indicate also that 

dimethyl sulfoxide had no adverse effects on the ability of the virus to 

adsorb to a cellular monolayer of HeLa cells and to initiate infection of 

these cells. Since the adsorption time of the virus to the cellular mono

layer was 1 hour long, and dimethyl sulfoxide was present in the diluent 

during this adsorption period, it would appear that a 1 hour exposure to 

dimethyl sulfoxide (3 per cent, 3. 5 per cent, and 4 per cent) at 37°C. 

had no adverse effect on the virus receptor sites of the cells. 

Effects of Dimethyl Sulfoxide on 
Poliovirus after Adsorption of 
the Virus to the Cellular System 

Nobel agar containing 2. 5 per cent, 3 per cent, and 3. 5 per 

cent dimethyl sulfoxide was poured over HeLa cell monolayers which 

had been infected with various dilutions of poliovirus. The results of 

the experiments with 2. 5 per cent concentration of dimethyl sulfoxide 

are contained in Table 3 and Figure 4. From the table and graph it 

can be observed that there were slightly fewer plaques produced in 

cultures treated with 2. 5 per cent dimethyl sulfoxide, than in the 

untreated controls. In reporting the numbers of plaques produced at 

a 10"^ virus dilution in Table 3, both the untreated control and the 2. 5 
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per cent dimethyl sulfoxide treatment showed areas of confluent plaqu-

ing. It must be indicated at this time however, that the CPE in the 

untreated controls was much greater than that in the plates receiving 

2. 5 per cent dimethyl sulfoxide. 

With 3 per cent and 3. 5 per cent dimethyl sulfoxide treatment, 

Table 4 and Figure 5, the inhibiting effects of dimethyl sulfoxide became 

more apparent. As the percentage of dimethyl sulfoxide increased, the 

numbers of plaques decreased. At a viral dilution of 10"^ there was a 

55 per cent reduction in the numbers of plaques produced in plates 

treated with 3 per cent dimethyl sulfoxide compared with the numbers 

produced in untreated plates. At the same virus dilution there was a 

76 per cent reduction in the numbers of plaques produced in plates 

treated with 3. 5 per cent dimethyl sulfoxide when compared with the 

numbers produced in the untreated plates. This effect is also noted in 

Figures 6, 7, and 8 which are photographs taken of the 3 per cent and 

3.5 per cent dimethyl sulfoxide experiments. The reduction in plaquing 

is especially apparent in Figure 7 showing viral dilutions 10""^ and 10"-', 

The statistical analysis of these experiments, Table 6, con

firms that there was a significant difference in the numbers of plaques 

produced with different percentages of dimethyl sulfoxide. 

The data obtained from the foregoing experiments indicated 

that 3 per cent and 3. 5 per cent dimethyl sulfoxide in Nobel agar, when 

applied to HeLa cell monolayers infected with poliovirus, had an 
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inhibiting effect on the numbers of plaques produced. The precise 

mechanism of this action is unknown. 

In a discussion of factors involved in virus multiplication, 

Horsfall states, 

There are, it appears, a number of discrete steps in the com
plex process of virus reproduction. Present evidence indicates 
that some inhibitory substances act to alter one step but may not 
affect others. In most instances, however, there is little 
information that bears directly on the mechanism of inhibition 
and it is difficult to discover whether virus attachment, penetra
tion, intracellular biosynthesis, assembly and maturation, or 
release were affected. On theoretical grounds it should be 
possible to prevent infection by: (1) altering the extracellular 
environment so that attachment of virus particle to susceptible 
cell will not occur; (2) inactivating the infective property of the 
extracellular virus particle; (3) altering the host cell so that 
either attachment of the virus particle or penetration of its 
functional part does not occur (Horsfall 1959, pp. 197-198). 

From information gained in the experiments in which dimethyl 

sulfoxide was used for the dilution of the virus, and held for 24 hours, 

it would appear that the inhibitory action of dimethyl sulfoxide upon 

plaquing probably was not due to any of the three reasons mentioned 

above. In these experiments, adsorption and multiplication did occur 

in the presence of dimethyl sulfoxide when it was used in the diluent. 

It is possible that the inhibiting effect found in later experiments was 

due to inhibition of intracellular multiplication. Further experimenta

tion would be necessary if one were to define the exact point of inhibition. 

Studies relevant to the mechanism of inhibition were not undertaken 

during the course of this investigation. If the inhibition of virus 
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multiplication by dimethyl sulfoxide is at the point of intracellular 

multiplication, the inhibition could possibly affect the production of the 

virus precursors, i. e. viral RNA or viral protein. In the case of polio -

virus, production of genetic and envelope material appears to take place 

separately (Schafer I960). 

The following two papers may shed some light on the problem: 

Helmkamp and Ts'o (1961) reported that DNA and microsomal 

RNA lose all of their formal secondary structure when dissolved in 

dimethyl sulfoxide. These macromolecules may exist in a helical con

formation which depend on a high degree of intramolecular hydrogen 

bonding to maintain a formal secondary structure. After these nucleic 

acids have been dissolved in dimethyl sulfoxide, they show an ultra-

centrifuge pattern characteristic of a nucleic acid solution which had 

been denatured by heat at 100°C. This transformation was irreversible. 

Ashwood-Smith (1964) reported that the ability of frozen 

lymphocytes to synthesize proteins (after thawing) was markedly reduced 

by the presence of dimethyl sulfoxide. 

If either or both of the above effects of dimethyl sulfoxide are 

operative in the experiments reported here, an inhibition of the intra

cellular multiplication would result. It is possible that a denaturing of 

the viral RNA occurs after it has lost its protein coat, and is within the 

cell. Such an occurrence would interfere with viral replication. 
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Another possibility one must contemplate is that it may not be 

dimethyl sulfoxide itself, causing inhibition of plaquing, but an end 

product of the metabolism of dimethyl sulfoxide. Practically every 

worker with dimethyl sulfoxide has reported that upon administration 

of the compound a smell of dimethyl sulfide has been noted on the 

expired breath of the test animal. This was noted in cats (DiStefano 

1964, DiStefano and Borgstedt 1964), in experiments with humans 

(Anon. 1961), and it was observed in this laboratory during experi

ments with mice. When dimethyl sulfoxide was added to the Nobel agar 

in these experiments, it was odorless, but within several hours a strong 

sulfide odor was noted in the incubator which lasted for the full time of 

the incubation period. "While no tests were made to determine the 

nature of this gas, it is possible that the odor probably resulted from 

the metabolism of the dimethyl sulfoxide and was produced by the 

release of dimethyl sulfide. Knowledge of the toxicity of dimethyl 

sulfide is limited; it is probably highly toxic. The sulfides as a group 

are known to be toxic due to the liberation of hydrogen sulfide (Sax 

1963, p. 1007). 

Effects of Dimethyl Sulfoxide Contained 
in Methylcellulose on Poliovirus after 
Adsorption of the Virus to 
the Cellular System 

The results of experiments incorporating 3 per cent dimethyl 

sulfoxide in methylcellulose used to overlay monolayers infected with 
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poliovirus are found in TabLe 7. Upon reviewing this table, one is 

aware of the sinall numbers of areas of CPE found in all dilutions of 

the virus. There is apparently some factor present in methylcellulose 

which inhibits plaquing with poliovirus and this fact makes it impossible 

to come to any conclusions about the effects of dimethyl sulfoxide on 

the virus. These results confirm earlier work by Cooper (1961) in 

which he reported that methylcellulose markedly reduced the plaquing 

efficiency of poliovirus. He also noted the difficulty of completely 

removing the methylcellulose to stain the monolayers. 



SUMMARY 

Toxicity studies conducted with dimethyl sulfoxide and the 

HeLa cell line indicated that 5 per cent was the upper concentration 

of dimethyl sulfoxide that the cells would tolerate. The optimum con

centration for experimentation was found to be 2. 5 per cent to 3. 5 per 

cent of dimethyl sulfoxide. Studies showed that dimethyl sulfoxide 

would diffuse through the Nobel agar overlay when applied to disks 

placed on the surface of the agar. Experiments concerning the attach

ment and outgrowth of HeLa cells in the presence of 2. 5 per cent 

dimethyl sulfoxide in growth medium indicated no reduction in the 

attachment of cells, and a slight reduction in the outgrowth of the cells 

in the presence of the compound. 

Poliovirus dilutions made in growth medium containing 3 per 

cent, 3. 5 per cent, and 4 per cent dimethyl sulfoxide with subsequent 

plating on HeLa cell monolayers, indicated that under the conditions 

employed in these experiments dimethyl sulfoxide was not viricidal to 

poliovirus. The presence of dimethyl sulfoxide had no apparent effect 

on the receptor sites of the HeLa cells, and had no adverse effect on 

the ability of the virus to adsorb to and initiate infection of the HeLa 

cell monolayer. 

69 
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When HeLa cell monolayers infected with poliovirus were 

exposed to 2. 5 per cent, 3 per cent, and 3. 5 per cent dimethyl sulf

oxide contained in Nobel agar overlay, there was a significant decrease 

in the numbers of plaques produced. At a viral dilution of 10"^ a 55 per 

cent reduction in plaquing resulted from treatment with 3 per cent 

dimethyl sulfoxide, and a 76 per cent reduction in plaquing occurred 

in the presence of 3. 5 per cent dimethyl sulfoxide. The exact mechan

ism of the inhibition is unknown. 

HeLa cell monolayers infected with poliovirus were exposed to 

3 per cent dimethyl sulfoxide contained in methylcellulose. The results 

of experimentation indicate that methylcellulose itself inhibits the 

plaquing of poliovirus. This effect made it impossible to draw con

clusions concerning the action of dimethyl sulfoxide on poliovirus in 

this system. 
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