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Workers with dimethyl sulfoxide (DMSO) in the 

United States and England have reported in the literature 

that the chemical affects the weight gaining ability of 

experimental animals. Narula, University of Oregon 

Medical School, Portland, found that 50 parts per million 

DMSO increased the size and numbers of tissue culture 

cells. Furthermore, Arscott, at Oregon State University, 

found that poultry whose diet contained 25 parts per 

million DMSO gained weight faster than others whose diet 

did not. Accordingly, these concentrations were used in 

experiments to determine if DMSO would increase digesti- 

bility and digestive enzyme activity. 

Fifty parts per million DMSO were added to diets 

made somewhat indigestible to rats by addition of fiber 

or of blood protein. This screening test determined if 

the added DMSO would increase overall body, liver, and 

kidney size. Statistically there was no significant 



difference in organ size, but the percentage of body 

weight, represented by liver and kidney weights, did 

suggest that DMSO had promoted growth of the rats on the 

blood protein diet. 

A pilot digestibility trial with four rats suggested 

that total dry matter protein digestibility had been 

improved by the addition of 50 parts per million DMSO. 

Further investigation was considered to be warranted. 

Digestibility trials were conducted with rats on 

high fiber, high fat, and indigestible protein diets 

with and without DMSO. Total dry matter digestibility 

in all cases was not significantly affected, and in 

individual cases fat, fiber, and protein digestibilities 

were unaffected significantly. The offspring produced 

by the DMSO -fed rats were normal and healthy after breed- 

ing at the conclusion of the trials. 

The enzymes rennen, lipase, cellulase, and alpha 

amylase were used in experiments to determine if concen- 

trations of 25 and 50 parts per million DMSO added to 

their substrates would increase their activities. Rennen, 

lipase, and cellulase were unaffected, and although there 

were some apparent trends toward improved alpha amylase 

activity, statistical treatment of data from this trial 

showed no significant effect of the chemical on enzyme 

activity. 

In summary, DMSO did not increase diet 



digestibility by rats fed 50 parts per million of the 

chemical, and enzyme activity was unaffected by 

addition of the DMSO. 
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EFFECT OF DIMETHYL SULFOXIDE 

ON NUTRIENT DIGESTIBILITY 

INTRODUCTION 

The value of dimethyl sulfoxide (DMSO) as a medicant 

has been reported in several technical journals and 

widely commented upon in the popular press (21, 38, 61, 

64) during the past two years. During 1964, both Life 

and The Saturday Evening Post ran popular articles which 

pointed out the realm of possible uses to which DMSO 

might be put. 

Most, if not all, of the suggested uses were based 

upon DMSO's ability to permeate membranes (22) and its 

ability to solubilize many hard -to- dissolve compounds. 

With these properties in mind, the author hypothesized 

that the compound might have a role in better nutrition. 

When food is consumed by animals, digestibility of 

the proteins, fats, and carbohydrates is never 100 per- 

cent, and digestibility within these classifications also 

varies considerably. Some compounds, such as lignin, 

which may make up to as much as eight percent of the 

total composition of a feed (46, p. 6) are considered 

indigestible. If DMSO could be used to improve digesti- 

bility or to make an indigestible compound digestible, it 

would improve food utilization and, therefore, increase 

efficiency of the overall animal operation. With the 
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high cost of modern animal production and the added stim- 

ulus of foreign competition, the economic advantages of 

the latter point would be of the greatest interest to 

farmers. 

The overall project is discussed in the following 

pages, with the main emphasis on DMSO as a possible aid 

to better nutrient digestibility. 
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REVIEW OF LITERATURE 

Nature of DMSO (15, p. 2) 

DMSO is a water- white, essentially odorless, organic 

liquid which was first synthesized in 1867 (19, intro- 

duction). 

It is a versatile and powerful solvent that will 

dissolve most aromatic and unsaturated hydrocarbons, 

organic nitrogen compounds, organo- sulfur compounds, and 

many inorganic salts. DMSO is miscible in all proportions 

with water (11) and most common organic solvents such as 

alcohols, ketones, lower ethers, chlorinated solvents and 

aromatics, but it will not dissolve saturated aliphatic 

hydrocarbons. 

DMSO is generally considered to be chemically stable. 

It will not be reduced by hydrogen, carbon monoxide, nor 

a combination of the two, in the absence of a catalyst, 

at 100 °C and a pressure of ten atmospheres. DMSO will 

react vigorously with chlorine at room temperatures 

giving a variety of end products, but it appears to be 

stable in pure oxygen at temperatures up to 150 °C. Some 

decomposition of DMSO will occur if it is refluxed at its 

boiling point of 189 °C (15, p. 2) for an extended period 

of time, If this occurs, it can be readily detected by 

the odor of trace amounts of methyl mercaptan and 



bis- (methylthio)methane. The rate of decomposition is a 

time -temperature function that can be accelerated by the 

addition of acids or retarded by many bases. 

Production of DMSO 

Kraft paper is made by heating chips of wood with a 

solution of sodium hydroxide and sodium sulfide (30). 

Lignin, which is removed from the wood chips when it is 

pulped, is dissolved in the above chemicals in a so- 

called "black liquor" (30). 

The methoxyl groups of kraft lignin are split off to 

a very limited degree during a kraft cook to form methyl 

mercaptan and dimethyl sulfide (DMS). The amounts of 

these chemicals produced are very low, and Hägglund and 

Enkvist (29) have found that, by adding sodium sulfide to 

kraft "black liquor" and heating it to 300 °C for several 

hours, the amounts of methyl mercaptan and DMS produced 

are greatly increased. DMS is now produced in good 

yields by a process which is based on the work of 

Hägglund and Enkvist. 

This process operates on a continuous basis. Kraft 

"black liquor" of about 50 percent solids from vertical 

evaporators at 93 °C is pumped to a mixing tank, and sul- 

fur compounds, such as kraft recovery smelt, are added 

about equivalent to the sulfur later to be removed as 

4 



S 

DMS. The mixture is heated by a heat exchanger to about 

200 °C and finally by sparged steam to 230 °C. This tem- 

perature is maintained until the reaction is completed. 

The volatile organic products are separated from the 

effluent steam by flash evaporation to obtain the desired 

DMS.- 

never 

to 

this 

lowing 

A definite structure 

been determined 

be made up of repeating 

in mind, Klason 

reaction for 

for the 

(30; 44, 

phenyl 

(28, p. 490) 

the preparation 

NaOH 

lignin molecule 

p. 49), but it 

propane units. 

has proposed 

of DMS: 

has 

is thought 

Keeping 

the fol- 

+ CH3S- Na0(' `-C-C-C 
-- / 

Na0(/ -C-C-C +5-- 

- CH30 _x Na0 

- 
i 

- 

// NaO C-C-C +CH3S - NaOH Fa0\CCC ___. 

CH3Q Na -x - 

+CH3SCH3 

The initial reaction probably involves an attack on the 

nucleus of the lignin molecule by sulfide ions to form 

methyl mercaptide ions, and in the second step the mer- 

captide ions cleave methoxyl groups to give DMS (31). 

DMSO is obtained by the Wetterholm- Fossan process 

(66) in which oxygen is introduced into a solution of DMS 

with sufficient oxides of nitrogen present to catalyze 

the reaction (55). 

> 

0 
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Uses of DMSO in Industry 

To date, DMSO has been used mainly as a solvent, and 

as a reactant for the synthesis of new materials and 

already known chemicals. The above could be considered 

the major roles of DMSO, but minor roles of importance 

which should be listed include its ability to form com- 

plexes with many inorganic salts, its ability to depress 

the freezing point of water, and its ability to penetrate 

and disperse various compounds. 

Solvent (19, p. 4) 

Spinning Solvent for Synthetic Fibers. The high 

solvency characteristics and chemical stability of DMSO 

as a spinning solvent are evidenced in the commercial 

polymerization and spinning of polyacrylonitrile from a 

DMSO reaction solution because no intermediate isolation 

of the polymer is necessary. The above properties, as 

well as properties of water miscibility, ease of recov- 

ery, and low order of toxicity make DMSO ideal for the 

production of synthetic fibers. 

Pesticide Solvent. Many of the known organic fungi- 

cides, insecticides, and herbicides have been given solu- 

bility tests in DMSO, and it has been found that nearly 

all, including compounds such as substituted ureas and 

6 
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Sevin 
1 which are extremely difficult to dissolve by con- 

ventional methods, will dissolve well enough in the 

chemical to be applied practicably. 

Extraction Solvent. DMSO has an affinity for aro- 

matic, unsaturated, and sulfur- bearing compounds. 

Because of these properties, and its apparent lack of 

affinity for paraffinic compounds, it has been used to 

extract gum forming materials from petroleum base prod- 

ucts, desulfurize high grade fuels, and separate aromatic 

and paraffinic fractions. 

Although many organic compounds will dissolve in 

DMSO, it still shows selectivity of solvent action based 

on degree of saturation. Acetylene, for example, can be 

separated from ethylene; therefore, this property is used 

in separation and purification of unsaturated natural and 

synthetic materials 

Carrier for Dyes and Pigments. Companies who have 

incorporated DMSO in the formula of their organic dyes 

have reported that it increases staining effect. Other 

improvements noted have been improved low temperature 

storage characteristics of colors marketed in liquid form 

and stabilization of liquid color solutions. 

Reactive Dye Stabilizer. The use of DMSO as a sol- 

vent for reactive dyes has substantially lessened 

1 1- naphthyl -N- methyl carbamate produced by Union 
Carbide Chemical Company. 



variations and facilitated shade control caused by 

changes in temperature. 

Resin Solvent. A very wide range of both natural 

and synthetic materials will dissolve in DMSO, but it 

also has some unique qualities in that some materials, 

such as nylon and dacron which appear quite insoluble at 

room or slightly elevated temperatures, are quite soluble 

in DMSO at temperatures of 130 to 150 °C. Urethanes, 

polyvinyl chloride co- polymers, and other resinous 

materials do not dissolve readily in DMSO, but it has 

been found that combinations of DMSO and ketones will 

exhibit a high solvency for these compounds. 

It has been suggested (19, p. 5) that DMSO should be 

considered in the formulation of films, coatings, adhe- 

sives, inks, and resinous compounds used in the manu- 

facture of non -woven fabrics. 

Paint Strippers - Alkaline Type, Because DMSO is 

miscible with caustic solutions, strippers have been 

formulated which incorporate the cleaning action of both 

materials. These strippers are particularly good for 

cold application because they increase the stripping rate. 

Paint Strippers - Solvent Type. Many of the strip- 

ping solvents which dissolve in DMSO have their action 

increased by the presence of DMSO. This applies parti- 

cularly when added to films and coatings which are 

difficult to remove. 

8 



Paint Strippers - Epoxy Stripper. The toughest 

epoxy coatings and adhesives can be easily removed from 

aluminum, magnesium, and stainless steel surfaces by a 

combination of 90 percent DMSO and ten percent concen- 

trated nitric acid at 120 to 130 °C. This combination has 

recently been used in the missile field as a cleaning 

agent so that coated parts can be reclaimed. 

Cleanup Solvent for Urethane Processors. Until the 

solvent properties of DMSO became known, urethane proces- 

sors had experienced difficulties with their cleaning 

operations. Because many urethane polymers will either 

dissolve in DMSO or swell and loosen, it has become much 

easier to remove them from processing equipment. The 

dissolving action of DMSO plus its low order of toxicity 

have made the chemical very popular, not only with 

urethane processors but also with processors in allied 

fields. 

Because of DMSO's great solvent properties, the 

rates of a variety of reactions have been speeded up by 

use of this chemical. The exact reason for the speedup 

is unknown; solubility and an exceptionally high dielec- 

tric constant (D = 48.9 at 20 °C (7)) have accounted for 

some but not all of the increases. Other reasons that 

could be attributed to its increased use in industry 

would include apparent catalytic action, versatility of 

the solvent properties and chemical stability, low 

9 
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order of toxicity, and ease of recovery. 

Chemical Reactant 

DMSO has been used as a chemical reactant for 

improving the synthesis of many already known chemicals; 

and, in the future, it is thought that it will serve as 

the basis for possible new materials. The following list 

shows its potential as a source of the following groups 

(16, p. 1 -3) : 

Reaction Groups 

CH3SCH2- 

CH3S OCH2- 

CH3S- 

(CH3)2S- 

0 

(CH3)2S- 

(CH3)2S0- 

Type Product 

Methylthiomethyl esters 

Beta -keto sulfoxides 

Aryl methyl sulfides 
(Methylthio phenols) 

Sulfilimines 
Dimethyl aryl sulfonium salts 

Dimethyl alkyl oxosulfonium salts 
Aide intermediate 

Dimethyl alkoxy sulfonium salts 

Miscellaneous Applications 

The following is a partial listing of additional 

applications suggested by the characteristics of DMSO: 

1. Freeze -thaw stabilizer and coalescing solvent 

for emulsion type paints. 

2. Solvent for starch and starch derivatives. 

3. Penetration and translocation aid for insecti- 

cides, fungicides, and herbicides. 



4. Solvent for dyeing of synthetic fibers. 

5. Solvent for use in moisture set inks. 

6. Reaction solvent for sugar ester synthesis (32), 

7. Dispersant for rubber compound additives. 

8. Non -aqueous solvent for polysaccharides. 

9. Component for hydraulic fluids. 

10. An antifreeze (45, 49). 

11. Complexing agent for metal salts. 

12. Extraction of water insoluble alcohols from 

petroleum. 

Toxicity Studies with DMSO 

Extensive toxicity studies have been carried out on 

small animals by both British and American scientists. 

The Stepan Chemical Company has granted permission to the 

Chemical Products Division of Crown Zellerbach Corpora- 

tion to publish its findings on toxicological studies 

(20). These findings include: 

1. DMSO was non -irritating to the skin of rabbits 

both after single and repeated applications. 

2. DMSO was non -irritating to rabbits' eyes when 

applied full strength. 

3. White male guinea pigs were not allergic to a 

0.1 percent solution of DMSO in distilled water 

when intracutaneous injections were made every 

other day for three weeks. 

11 
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4. The acute intragastric toxicity in rats (LD50) 

was 17.8 grams per kilogram of body weight. 

5. DMSO was non -toxic to rats when administered at 

a level of one percent in their drinking water 

for 12 weeks. When the experiment was repeated 

with guinea pigs, their growth was found to be 

retarded, but there was no evidence of patho- 

logical symptoms. 

6. Mice which were sprayed with 50 milliliters of 

full strength DMSO for a period of five minutes, 

ten times over a period of 15 days, under the 

conditions of the experiment showed pathological 

changes in the liver and lungs. 

Brown, Robinson, and Stevenson (11), in England, 

have found the acute oral LD50 for rats and mice to be 

about 20 milliliters per kilogram and for chickens to be 

about 12.5 milliliters per kilogram. Rats tolerated up 

to ten daily doses of ten milliliters per kilogram of 

body weight. Guinea pigs were unaffected by intradermal 

injections, and there were no macro- or microscopic signs 

of injury to the clipped backs of guinea pigs which had 

been painted with DMSO. The eyes of New Zealand white 

rabbits showed no harmful effects after they had received 

drops of DMSO in their right eyes. No specific macro- or 

microscopic evidence of toxicity was noted at the 

autopsies of exposed animals. In a few animals, some 
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fatty degeneration and congestion of the terminal blood 

channels were seen in the liver. Rats that had received 

repeated intraperitoneal injections of large doses of 

DMSO showed evidence of rounding of the liver margin, and 

of strands of the insoluble protein fibrin within the 

peritoneum (11). 

Crown Zellerbach gives the following toxicity values 

in a medical properties bulletin (17, p. 1): 

Acute oral toxicity (LD50) Rats - approximately 17.5 
milliliters per kilogram 

Chickens - approximately 12.5 
milliliters per kilogram 

Acute intravenous 
(LD50) toxicity 

Mice - approximately 3.8 
grams per kilogram 

Rats - approximately 8.0 
grams per kilogram 

Dogs - approximately 2.5 
grams per kilogram 

Acute subcutaneous (LD50) Mice and Rats - approximately 
toxicity 20.5 grams per kilogram 

In the Cancer Chemotherapy Reports (58), data are 

available on single -dose toxicity in the mouse and rat, 

local toxicity in the rabbit and guinea pig, and repeated - 

dose toxicity in the rat and dog. The LD50 for mice was 

five grams per kilogram when injected intravenously and 

20 grams per kilogram when injected subcutaneously, and 

in rats, six grams per kilogram when injected intraven- 

ously and 20 grams per kilogram when injected subcutane- 

ously. The upper chamber on either side of the heart, 
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the thoracic veins, and kidneys of the animals that died 

by both the intravenous and subcutaneous injections were 

congested, and the lungs appeared grey. Both the rabbit 

and the guinea pig were unaffected by DMSO when it was 

applied directly to the skin. It was not possible to 

obtain definite indications of systemic toxicity in rats 

with subcutaneous injections of ten grams per kilogram 

per day or with intravenous injections of two and one - 

half grams per kilogram per day for two weeks because 

death of the tissue around the injected area prevented 

further treatments. The subcutaneous treatment was con- 

tinued for 30 days at lower dose levels; and, although 

there was some tissue death around the injected area in 

the latter part of the treatment, systemic toxicity again 

was not evidenced. Dogs that received 0.4 grams per 

kilogram for 33 days, intravenously, showed no signifi- 

cant hematologic or biochemical changes. Gross changes 

and histopathologic changes observed at the autopsy were 

minor and incidental. 

This last report is contrary to the Brown, Robinson, 

and Stevenson report (11) which states: "DMSO causes 

denaturation of blood proteins and is therefore unsuit- 

able for intravenous injections." 

DMSO is an exceptionally powerful solvent for 

organic pesticides, herbicides, and insecticides, and 

experiments have been conducted to see if it will also 
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act as a translocation aid for these compounds. To date, 

there are no published reports on phytotoxicity, but 

preliminary screening tests (18, p;e 1), by the stem con- 

tact method on bush lima beans, indicated no adverse 

effect when a two percent (w /w) solution of DMSO in water 

was used. A solution of ten percent DMSO in water caused 

the plants to lose their leaves, but when the application 

was suspended, the plants, in time, grew new shoots. In 

another test, alder trees were drenched with a 25 percent 

solution of DMSO in water, with no apparent adverse re- 

action. In some unpublished work by Oregon State Uni- 

versity Department of Agricultural Chemistry, DMSO was 

used as an antifreeze agent on pear trees. During the 

winter, the DMSO seemed to work successfully as an anti- 

freeze agent but, at a later date, the pear trees died. 

Their death was attributed to the DMSO which had been 

added to them. 

Small animal studies have indicated that DMSO has an 

extremely low degree of toxicity, and it has been sug- 

gested (20, p. 7) that the probable lethal dose of sample 

for a 70 kilogram human would be more than one quart. 

DMSO, like other solvents, will dehydrate and defat the 

skin with prolonged and repeated exposure, and it has 

demonstrated a remarkable ability to penetrate skin (38). 

Users have been cautioned (17, p. 1; 18, p. 1; 19, p. 19; 

24, p. 1) to avoid contact with solutions of toxic 
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materials in DMSO. Huggins (34) has observed that units 

of human blood have been treated with DMSO, stored at 

-88 °C, and administered without apparent ill effect. 

Rosenbaum and Jacob (57) have noted that following 

the application of DMSO patients have frequently exper- 

ienced warmth and, in some cases, redness of the skin 

caused by an increased inflow of blood in a certain area 

and occasional vesicular eruptions. This usually dis- 

appeared in an hour or two; however, some patients stated 

that itching persisted for several hours. In repeated 

applications, dryness and flaking of the skin were 

present. 

Persidsky, Maxim, and Richards (50) used varying con- 

centrations of DMSO in the preservation of bone marrow, 

and they found a progressive decrease in the number of 

viable cells with increasing concentration of compound. 

Uses of DMSO in Biology, Biochemistry, and Medicine 

Crown Zellerbach has used DMSO as a translocation 

aid for insecticides in plants. Results of tests done 

have not been published, but it is known that insecti- 

cides such as lindane, methoxychlor, and dieldrin, which 

are not considered to be systemic, have been translocated 

in trees when dissolved in DMSO. In a product informa- 

tion bulletin (18, p. 1), Crown Zellerbach states that 

DMSO should be of use to the pesticide industry because 
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it will dissolve most organic pesticides, but there are 

no known publications of work done in this field at this 

moment. 

Rees and Singer (54) examined the solubility of a 

number of proteins in DMS° and other solvents, and found 

that trypsin dissolves in DMSO and retains its activity 

when recovered from the DMSO solution. Trypsin also 

showed proteolytic activity in DMSO -water mixtures con- 

taining as high as 95 percent DMSO (9). 

Since DMSO dissolves both trypsin and lipids, Lukton, 

Donohue, and Bettelheim (43) were able to study the 

inhibition of the esterase activity of the enzyme by 

different lipids. Geisler, Iossifides, and Eichman (26) 

observed that the dehydrogenase activity, essential to 

energy metabolism required for platelet function, was not 

impaired when platelets were frozen in a DMSO solution. 

Optical rotatory studies of trypsin dissolved in DMSO 

afforded Lee, Vithayathil, and Buck (40) some insight 

into the behavior of the enzyme in the particular solvent, 

and Krull, Wall, and Dimler (39) found that DMSO is an 

excellent solvent for amino nitrogen determination on 

cereal proteins by the Van Slyke manometric method. 

Lovelock and Bishop (42) found that DMS° is suitable 

as a replacement for glycerol in protecting both human 

and bovine red cells, and also bovine spermatozoa, from 

damage when exposed to low temperatures. Both of the 
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solvents appear to function here as agents to prevent 

excessive concentration of electrolytes. The motility of 

the spermatozoa persisted several hours at room tempera- 

ture in an egg yolk -citrate medium containing 15 percent 

of DMSO. Sherman (62) found that DMSO was equal to 

glycerol in protecting action during freeze -thawing of 

human spermatozoa, but he also found that it was more 

toxic than glycerol during 1, 4, 8, 12, and 24 hour stor- 

age at 22 °C, both before and after freeze -thawing. He 

does not recommend DMSO as a substitute for glycerol. 

Sawada and Chang (60) report that a high proportion of 

rabbit spermatozoa retained active motility after freez- 

ing to and thawing from -79 °C in a medium containing 

DM$O, glycine, and fructose. Experimental results 

revealed that DMSO protected rabbit spermatozoa more 

effectively than glycerol. 

Greiff and Myers (27) found DMSO to be less toxic 

than glycerol to mitochondria from rat livers. In their 

studies, the cells were dispersed in isotonic sucrose 

containing ten percent of DMSO, and were slowly frozen to 

-78 °C. The use of DMS° as an aid to cell preserva- 

tion of frozen tissue cultures was successful in 

the instances of chick embryo cells (51), human embryo 

lung cultures (51), chick fibroblast cultures (23), and 

human embryo kidney cells (23). DMSO was also preferred 

to glycerol in the freeze preservation of trypanosomes 

:. 
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(65). Collins and Jeffery (13) have used DMSO for the 

low temperature frozen preservation of experimental 

malarias such as Plasmodium berghei and Plasmodium 

gallinaceum. Whistler (67) has used DMSO to isolate 

glycogen from rat livers in a form which appears to be 

more representative of "native" glycogen than that iso- 

lated by other methods, Smith, Ashwood- Smith, and Young 

(63) have shown that DMSO protected the endothelium of 

rabbits' eyes better than glycerol against effects of 

freezing to and thawing from -79 °C. Jacob, Bischel, and 

Herschler (36) instilled such compounds as aminophylline, 

serum sulfadiazine, and Evans Blue dye into the bladders 

of dogs to show that DMSO would facilitate the transport 

of these compounds across mucous membranes. 

A 15 to 20 percent solution of DMSO in water was 

found to be the optimum concentration of DMSO needed to 

preserve red cells after freezing to -180 °C (52). The 

recovery rate at these concentrations was 75 to 90 per- 

cent. In the case of white cells, nearly 100 percent 

remained normally viable and in good condition. Ashwood- 

Smith (2) found that mouse lymphocytes, mixed with 15 

percent DMSO, retained their appearance and protein 

synthesizing activity after three months' storage at 

-196 °C. Rowe, Kaczmarek, and Cohen (59) have frozen 

rabbit and human leukocytes in '10. to 15 percent DMSO at 

a controlled rate of 1 °C per minute, and they have 
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observed that preservation of leukocytes appears feasible 

for use in routine leukoagglutinin tests. 

Pyle and Boyer (52) found that platelets can be pre- 

served in a 15 to 20 percent DMSO solution in water with 

about an 80 percent recovery. Iossifides et al. (35) 

observed that frozen platelets in a medium which contained 

DMSO lost only 10 to 15 percent of their clot retracting 

activity when thawed. 

Huggins (33) found that DMSO afforded a major degree 

of protection to large volumes of human red blood cells 

against hemolysis from slow freezing and thawing. Pyle 

and Boyer (52) state that red cells cannot be washed 

free of DMSO without causing hemolysis. The cells are 

concentrated by centrifugation first before being admin- 

istered as a dispersion in a serum. 

Ashwood -Smith (5, 6) found that a high proportion of 

mouse bone marrow cells remained normal when frozen in 

horse serum containing up to 15 percent DMSO. The 

ability of the cells to incorporate labeled sodium 

acetate was 50 percent of that of the unfrozen control 

(6). In two instances, bone marrow was preserved by Pyle 

and Boyer (53) when they used DMSO as a protective addi- 

tive during its storage at -80 The preservative media 

consisted of 12 percent DMSO in Eagles tissue culture 

media with added glucose. Cellular recovery averaged 52 

percent and viability averaged 34 percent following 
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storage of six weeks. Persidsky and Richards (50) also 

used DMSO in the preservation of bone marrow. 

Ashwood -Smith (3) preserved bone marrow from mouse 

femurs for one month at -79 °C by; freezing in rat serum 

containing 15 percent DMSO. The specimen was then thawed 

and the cells were introduced intravenously into mice 

which had just received a lethal dosage of x -rays. After 

30 days, 70 percent of the treated mice survived, whereas 

all of the controls died. The repopulation of the femur 

marrow appeared normal 12 days after the irradiation. 

Ashwood -Smith (5) found that the LD50 of DMSO in mice by 

intraperitoneal injection was 11,000 milligrams per 

kilogram. Injecting mice with a DMSO dose of 4,500 milli- 

grams per kilogram gave 70 percent protection against an 

LD99 x -ray dosage (5). The protective action was maximum 

between about five minutes and one hour after injection. 

No protection was observed after four hours. Increasing 

the dosage about 4,500 milligrams per kilogram did not 

improve the effectiveness. In other mouse treatments, 

Ashwood -Smith (1) observed that DMSO quite rapidly 

accumulated in rather large amounts in the mice testes, 

but evaluation showed that it had no effect in protect- 

ing the testes against damage by x- radiation. Ashwood- 

Smith (4) found evidence which demonstrates that combina- 

tions of cysteamine with DMSO have a synergistic radio 

protective action in mice. Bridges (10) found that DSMO' 

- 
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is less effective than glycerol in protection of Pseudo - 

monas species against gamma radiation. Cavins et al. 

(12) found that young dogs exposed to 1200 röntgen of 

Co60 whole body radiation continuously at five to six 

röntgen per minute survived when given infusions of mar- 

row previously aspirated and stored at -80 °C in ten per- 

cent DMSO. 

In the field of medicine, Jacob, Bischel, and 

Herschler (37) have reported that DMSO has been used as 

a local analgesic agent, an anti -inflammatory adjunct, 

and a tranquilizer. DMSO has been shown to penetrate 

human skin to relieve pain in a variety of conditions. 

In the laboratory, the material reversibly blocks the 

pain fibers of isolated nerves. DMSO significantly 

reduces edema component of an intradermal inflammatory 

response in guinea pigs. It increases the anti- inflam- 

matory effectiveness of cortisone. The chemical reduces 

blister formation in second -degree burns of patients and 

permits burn eschars of third -degree burns in experimen- 

tal animals to remain for prolonged periods as non 

infected biological coverings. Clinical observations 

following dermal or intranasal application of the 

material indicates a tranquilizing effect. Rosenbaum 

and Jacob (57) have reported that the administration of 

DMSO is associated with symptomatic relief and objective 

evidence of improvement in some patients with rheumatoid 

- 
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arthritis, osteoarthritis, gouty arthritis, and acute 

subdeltoid bursitis (56). 

Future Work Needed to be Done 

To date, mention has been made in one or two reports 

(e.g., 11) that DMSO affects the weight of experimental 

animals. Experiments should be conducted to see if the 

effects are adverse or not because reports have been 

conflicting. In doing these experiments, a wide range of 

concentrations of DMSO should be used because, here 

again, reports of optimum concentrations needed to 

increase weight have been conflicting. 

The Cancer Chemotherapy Reports (58) have reported 

on the toxicity of DMSO, but they have not mentioned if 

the chemical is carcinogeneous or not. Experiments 

should be conducted to clarify this point. 

In conclusion, this author feels that a lot of work 

has been done with DMSO, and because many of the results 

have been negative, they have not been published. A 

publication of both negative and positive responses of 

DMSO to biological systems would greatly assist other 

workers. 
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EXPERIMENTAL PROCEDURES 

Object 

The object of the experiments was to determine 

whether DMSO would increase the digestibility, and hence 

the utilization, of the major dietary nutrients, carbo- 

hydrate, fat, and protein. Digestibility was measured 

conventionally in animals fed rations with and without 

DMSO added. Toxicity studies were also made because of 

earlier reports of liver damage (11; 20, p. 16) due to 

DMSO, and in vitro studies were carried out with certain 

selected enzymes to determine if added DMSO would in- 

crease their activities. 

Methods and Materials 

A screening test was conducted for 44 days with 40 

white female Sprague -Dawley rats obtained from Pullman, 

Washington.2 The rats were stratified for weight and 

randomized into four groups. Groups I and III were fed, 

ad lib, the following diet COregon State University 

Experimental Rat Ration Diet 2 (48, p. 5)): 

2 
Northwest Rodent Company. 
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Starch 64.300 percent 

Casein 9.000 percent 

Blood 9.000 percent 

Lard 10.000 percent 

Glucose 0.588 percent 

Salts 4.000 percent 

B- Vitamin Mix 1.000 percent 

Solka -Floc 2.000 percent 

-tocopherol Acetate 0.012 percent 

Cod Liver Oil 0.100 percent 

Total 100.000 percent 

Groups II and IV were fed, ad lib, the following energy 

restriction diet Oregon State University Experimental 

Rat Diet 3 (48, p. 6) 

Starch 53.583 percent 

Casein 15.000 percent 

Lard 8.333 percent 

Glucose 0.490 percent 

Salts 3.333 percent 

B- Vitamin Mix 0.833 percent 

Solka -Floc 18.333 percent 

oc- tocopherol Acetate 0.011 percent 

Cod Liver Oil 0.084 percent 

Total 100.000 percent 

DMSO was added to the rations of Groups 'I and II at 

a concentration of 50 parts per million, while Groups III 

and IV acted as controls. The animals were housed in the 

Small Animal Laboratory at Oregon State University for 

the duration of the experiment, They were weighed 

: 
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weekly, and their feed intake was measured five times a 

week. Water was given ad lib. 

At the end of the experimental period, six rats from 

each group were killed and subjected to post -mortem exam- 

ination to determine if DMSO affected any organs ad- 

versely, and the liver and kidneys from each rat were 

removed and weighed. 

A pilot digestion trial was then carried out for six 

days, with one rat from each group. During this time, 

daily collections of feces were made and feed intake 

measured. 

The percentage of crude protein in the feed and 

feces of Groups I and III was determined by the Kjeldahl 

procedure (14, p. 120), and the percentage of crude fiber 

in Groups II and IV was determined by the A. O. A. C. 

method (47, p. 372). 

After the screening test had concluded, a new group 

of Sprague-Dawley white female rats were purchased, and 

five new digestion trials were commenced. These trials 

were run consecutively, using the same animals but vary- 

ing their diets each time. Before each trial, the rats 

were fed for a preliminary period of three days before 

collection to insure that feed from the previous trial 

had passed through their digestive tracts. In contrast 

to the screening test, only two groups were set up, one 

test and one control, with five animals in each group. 

. 
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The following trials were run: 

1. High Fiber (using Oregon State University Exper- 

imental Rat Diet 3 (48, p. 6)) . It will be noted 

that this diet contains 18.333 percent cellulose, 

which is normally indigestible by rats. 

2. Protein A (using Oregon State University Exper- 

imental Rat Diet 2 (48, p. 5)) . This diet has been 

termed protein because it contains blood as half the 

protein source. Except for the hard -to- digest blood, 

this ration can be considered as balanced. 

3. Protein B (using Oregon State University Exper- 

imental Rat Diet 2 (48, p. 5) . Whereas Protein A 

contained both blood and casein, this diet contains 

casein as the sole nitrogen source. 

4. High Fat, using the following diet: 

Starch 54.300 percent 

Casein 18.000 percent 

Lard 20.000 percent 

Glucose 0.588 percent 

Salts 4.000 percent 

B- Vitamin Mix 1.000 percent 

Solka -Floc 2.000 percent 

-- tocopherol Acetate 0.012 percent 

Cod Liver Oil 0.100 percent 

Total 100.000 percent 

This diet contains approximately twice the fat 

usually fed in our purified diet in order to 
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emphasize possible DMSO effect on fat. Fat was 

determined by A. O. A. C. method (47, p. 371). 

5. Protein C (using Oregon State University Exper- 

imental Rat Diet 2 (48, p. 5)). This diet is 

exactly the same as that used in 2 because it was 

felt that a repetition was needed because of con- 

flicting results in pilot and digestion trials. 

Collections were made daily for five days, or until 

there was enough sample to determine protein, fat, or 

fiber content. The experiments were conducted under the 

same conditions as for the screening test. 

After the in vivo work had concluded, some in vitro 

studies were commenced to determine. if DMSO, at concen- 

trations of 25 and 50 parts per million, would increase 

enzyme activity. The enzymes studied were rennin, 

lipase, cellulase, and alpha amylase. 

Rennet, the rennin source, was obtained from Chr. 

Hansen's Laboratory, Inc., Milwaukee, Wisconsin. A solu- 

tion of one gram of dry skim milk in 100 milliliters of 

distilled water plus one milliliter of three molar CaC12 

was prepared, and rennet dilutions of 1:100, 1:200, 

1:300, 1;400, and 1 :500 were made. Five milliliters of 

skim milk solution containing CaC12 were pipetted into 

five numbered test tubes and placed in a water bath at 

37 °C. The 1:500 rennet dilution, 0.2 milliliter, was 
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added to the first tube and mixed for approximately 15 

seconds and incubated at 37 °C. The time of addition of 

enzyme and the time when the curd first appeared were 

recorded. This same procedure was used for the remaining 

test tubes and the remaining dilutions. Solutions of 

milk containing concentrations of 25 and 50 parts per 

million of DMSO were prepared, and the above procedure 

was repeated. The unit of activity was the time required 

for the curd to appear. 

Pancreatic lipase (Worthington Biochemical Corpora- 

tion, Freehold, New Jersey) was the source of enzyme for 

the next experiment. The method used is outlined in 

Worthington's Enzyme Reagents (68). The lipase splits 

esters of glycerol and long chain fatty acids. It 

hydrolyzes di- and monoglycerides as well as triglycer- 

ides, although the rates are in decreasing order. 

Enzyme solutions of 0.05, 0.0375, 0.025, and 0.0125 

milligrams per milliliter were prepared in 0.005 molar 

CaC12. An enzyme solution, 0.1 milliliter, was pipetted 

into an olive oil emulsion, and the amount of 0.01 N 

NaOH needed to maintain pH 8 for five minutes was 

recorded. Substrates with concentrations of 25 and 50 

parts per million DMSO were also made, and the -above pro - 

cedure was repeated. One unit of activity was to one 

micromole of acid produced per minute at 25 °C. 
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The cellulase used was obtained from Nutritional 

Biochemicals Corporation, Cleveland, Ohio, the source 

being Aspergillis niger. The procedure used for deter- 

mining activity is outlined in Worthington's Enzyme 

Reagents (68). The cellulase is a glucosidase which 

hydrolyzes 
fi 
-1,4- glucan links and activity was deter- 

mined by the breakdown of carboxymethylcellulose as 

reflected by viscosity lowering. Aqueous solutions con- 

taining 0.05, 0.10, 0.50 and 1.00 milligrams per milli- 

liter of enzyme were prepared, and ten milliliters of 

substrate were measured into four test tubes. At zero 

time, one milliliter of enzyme from each of the aqueous 

solutions was added to a test tube of substrate, mixed 

well, and left to stand at 25 °C for 15 minutes. Viscos- 

ity, measured by noting the time required for the sub- 

strate to move between two marks on a viscosimeter, was 

thus obtained for each of the four test tubes, Solutions 

of substrate containing 25 and 50 parts per million DNSO 

were also prepared, and the above procedure was reputed. 

The unit of activity was the time required for the liquid 

to pass between the two points. 

The alpha amylase used was obtained from Nutritional 

Biochemicals Corporation, and the procedure used is out- 

lined in Worthington's Enzyme Reagents (68) and Biologi- 

cal Degradation of Cellulose (25, p. 108). Actual method 

was devised by P. Bernfeld and can be found in Methods 
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of Enzymology (8, p. 149). It is based on the reduction 

of 3,5- dinitrosalicylic acid by sugars giving rise to a 

brown color, and is measured spectrophotometrically. 

Alpha amylase is a polyglucosidase that hydrolyzes 

internals -1,4- glucan links in polysaccharides contain- 

ing three or more- l,4- linked D glucose units, and a 

unit of activity is that liberating one micromole of 

reducing groups calculated as maltose per minute at 25 °C. 

The figures for the maltose calibration curve are found 

in Table 18 and the graph in Figure 3. 

Enzyme concentrations of 3, 6, 9, 12, and 15 micro - 

moles were prepared, and half a milliliter of enzyme 

solution was added to half a milliliter of substrate. 

The mixture was incubated at 20 °C for three minutes, and 

one milliliter of color reagent was added. The resulting 

solution was heated in a boiling water bath for five 

minutes, cooled, and then read in a colorimeter at 

540,-,w/. The procedure was repeated for each concentra- 

tion of enzyme after preparing substrates with 25 and 

50 parts per million DMSO. 
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RESULTS AND DISCUSSION 

The Screening Test 

The screening test involved two different diets fed 

to rats with and without DMSO. The diet which has been 

termed "protein" contained blood as a protein source. 

The initial diet used blood as the sole nitrogen source 

but was found to be unacceptable to the rats. After they 

lost weight during the first week of the trial, the diet 

was modified to contain half the protein from blood and 

half from casein. This latter diet was acceptable to 

the rats, and they gained weight. Blood was used because 

its digestibility coefficient is low, 58.4 percent 

(46, p. 78), and it was thought that the action of DMSO 

in increasing permeability might be best demonstrated 

with such material. 

The "high fiber ", energy restriction diet, was 

selected for the same reason. Any breakdown products of 

cellulose should be distributed more efficiently with the 

aid of DMSO, and digestibility would therefore be in- 

creased. 

Post -mortem examination of the rats from each group 

showed no pathological changes. Particular attention 

was paid to the livers because of previous reports 

(117 20, p. 16) of liver damage. It appears that, if 

rats are fed doses of DMSO below the suggested LD50 
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level, no macroscopic damage will occur. 

Table 1 shows the average body, liver, and kidney 

weights of the six rats in each group, and the organ 

weights as a percentage of the total body weight. 

TABLE 1 

Organ Weights, 
Organ Weights, Absolute % of Body Weight 

Body Wt. Liver Wt. Kidney Wt. Liver Kidney 
Group (g) (g) (g) % % 

I 196.83 7.96 1.53 4.04 0.78 

II 198.33 7.50 1.33 3.78 0.67 

III 195.50 6.68 1.37 3.42 0.70 

IV 202.33 7.59 1.35 3.75 0.67 

Since Narula, at the University of Oregon Medical School, 

found that DMSO, at a concentration of 50 parts per mil- 

lion, increased the size and numbers of monkey liver 

cells in tissue cultures (personal communication), a 

record of weights of livers and kidneys was taken. 

Groups I and III, Table 1, are of approximately 

equal average body weight. Both the average liver and 

kidney weights of Group I are greater than those of 

Group III, but there is no significant difference when 

tested by analysis of variance at five percent probabil- 

ity level (41, p. 162). Groups II and IV, Table 1, with 

an average difference of four grams between samples, 

again do not show any statistically significant differ- 

ence (five percent level) in total liver and kidney 
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weights. 

The percentage of liver and kidney weight to body 

weight in Group I is greater than in Group III; there- 

fore, it suggests that the livers and kidneys of the rats 

in Group I were either bigger to begin with or DMSO pro- 

moted growth of these organs. The percentage of liver 

and kidney weight to body weight in Groups II and IV is 

approximately equal; therefore, it suggests that DMSO 

did not affect these organs. In this trial then, there 

is a suggestion of increased organ size due to the 

addition of 50 parts per million DMSO to the diets Of 
rats. 

The results of the pilot test can be seen in Tables 

2, 3, and 4. 
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Feed Intake - Excreta Total Digestibility - x 100 
Feed Intake 

TABLE 2 

I 

(DMSO Treated) 
Group % 

II 
(DMSO Treated) 

% 

III 
Control 

% 

IV 
Control 

% 

Day 

1 95.73 78.25 82.33 88.00 

2 98.90 71.67 90,80 84.33 

3 95.80 67.91 90.36 81.38 
4 94.36 79.80 91.62 80.15 

5 98.08 68.12 96.00 79.47 

6 92.27 72.82 92.00 70.08 

Total 575.14 438.57 543.11 483.41 

Average 
and 

95.86 73.10 90.52 80.57 

Standard 
Deviation t 2.42 + 5.00 ± 4.49 + 6.02 
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Protein in Feed - 
in Protein Digestibility = Protein Feces 

Protein' in Feed 100 

TABLE 3 

Group 

I 

(DMSO Treated) 
III 

Control 

Day 

1 94.84 69.38 

2 98.67 83.49 

3 94.92 82.71 

4 93.19 84,96 

5 97.68 92.82 

6 90,65 85.65 

Total 569.95 499.01 

Average 
and 

94,99 83.17 

Standard 
Deviation + 2,93 + 7.65 

x 

1 
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Fiber Digestibility = 

Fiber in Feed - Fiber 
in Feces 100 

Fiber in Feed 

TABLE 4 

Group 

II 
(DMSO Treated) 

IV 
Control 

Day 

1 84.54 83.08 

2 79.23 79,53 

3 81.04 81.46 

4 80.92 80.34 

5 77.32 78.06 

83.15 80.00 

Total 486.20 482.47 

Average 
and 

81.03 80,41 

Standard 
Deviation 2.60 + 1.71 

The total digestibility, Table 2, of the rat on the pro- 

tein diet with DMSO (Group I) was apparently improved by 

the addition of the chemical. Because there was only 

one rat in each group, an analysis of variance test 

could not be performed, but differences in digestibility, 

95.86 percent (Group I) and 90.52 percent (Group III), 

suggest that the DMSO has improved the digestibility of 

Group I. On the other hand, Table 2 suggests that the 

rat in Group II had its digestibility impaired by the 

addition of DMSO when compared with Group IV. 

x 

6 

+ 

96 % 
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The protein digestibility studies of the two rats 

on the protein diet, Table 3, indicate that the rat fed 

DMSO had its protein absorption through the wall of the 

gut increased. The fiber digestibility studies, Table 4, 

though, do not suggest that the rat fed DMSO (Group II) 

had its digestibility affected. Because of the sugges- 

tion of influence upon digestibility in the pilot trial 

and the apparent increased protein digestibility in the 

protein trial, it was thought that further investigation 

was warranted. 
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The Digestion Trials 

High Fiber 

Total Digestibility. 

TABLE 5 

Rat No. 

Day 

1 

2 

3 

4 

5 

DNSO Treated 
1 2 3 4 

62.50 

70.42 

58.20 

78.75 

41.00 

66.78 

68.54 

59.00 

87.50 

35.36 

66.60 

31.60 

33.20 

69.17 

13.14 

68.29 

61.94 

63.53 

95.30 

39.33 

78.80 

-- 

94.27 

54.00 

Average 
and 

62.17 63.44 42.74 65.68 75.69 

Standard 
Deviation ±14.20 +18,87 +24.29 +19.98 +20.31 

No DMSO 
Rat No. 1 2 3 4 - - -- 
Day % % % % % 

1 59.78 69.07 64.27 57.60 64.44 

2 66.84 64.60 69.56 61.78 56.63 

3 51.22 52.92 68.36 59.17 65.31 

4 54.17 87.40 62.64 60.00 86.71 

5 42.14 28.38 39.92 43.19 107.80 

Average 
and 

54.83 60.47 60.95 56.35 76.18 

Standard 
Deviation + 9.26 +21.81 +12.10 + 7.51 +20.91 

There was no significant difference in total digestibil- 

ity between the two groups of Table 5. This result does 

not agree with the suggestion of the pilot trial, but it 

does suggest that DMSO does not affect total digestibil- 

ity adversely. The average total digestibility by the 

5 

-- 

5 

% % % % 
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rats on each treatment is less than for each rat in the 

pilot trial. Why this should occur is unknown, because 

both groups were subjected to the same treatments and, 

although one trial was held in the winter and one in the 

summer, temperatures were held constant. 

Fiber Digestibility. 

TABLE 6 

DMSO Treated 
Rat No. 1 2 3 4 5 

Day 

1 84.32 63.00 78.45 86.40 90.42 

2 79.57 86.59 84.98 69.84 83.16 

3 70.42 82.11 70.32 83.19 80.52 

4 85.20 78.43 79.82 88.48 78.00 

5 81,43 84.15 90.14 65.27 81.27 

Average 
and 

80.19 78.86 80,74 78.64 82.67 

Standard 
Deviation + 5.91 + 9.36 + 7.43 ±10.42 ± 4.71 

No DMSO 
Rat No, 1 2 3 4 5 

Day 

1 87.25 91.25 80.68 84.04 81.49 

2 82.74 77.49 70.25 82.80 79.17 

3 81.29 82.33 76.66 84.19 78,22 

4 82.57 84.21 81.45 78.43 76.39 

5 77.41 80.59 82.37 81.23 82.97 

Average 
and 

82.25 83.17 78.28 82.14 79.65 

Standard 
Deviation ± 3.52 ± 5.15 ± 4.99 2,39 ± 2.61 t 

% % % % % 
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There was no significant difference in fiber digestibil- 

ity between the two groups with different treatments, in 

Table 6. This result confirms the pilot trial, and the 

average fiber digestibility of the rats on each treatment 

in the digestion trial is approximately equal to that in 

the pilot trial. 

In this trial, DMSO did not increase or decrease the 

total or fiber digestibility of rats whose diet contained 

50 parts per million of the chemical. 
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Protein A 

Total Digestibility, 

TABLE 7 

DMSO Treated 
Rat No. 1 2 

. . 

3 4 5 

Day % % % % % 

1 95.43 96.17 90.77 95.85 93.86 

2 87.70 95.75 80.33 87.50 81.67 

3 90.40 85.75 90.65 89.13 91.50 

4 91.25 92.18 88.67 90.46 89,86 

5 93,20 90.00 92.89 85,90 86.83 

Average 
and 

91.60 91.97 88.66 89.77 88.74 

Standard 
Deviation ± 2.91 ± 4.32 + 4.89 ± 3.81 + 4.71 

No DMSO 
Rat No. 3 4 5' 

Day % °% % % 

1 96.82 94,80 92.55 98.35 

2 93.92 95.38 97.17 78.14 

3 89.32 88.69 90.86 90.68 

4 88.92 91.00 89.47 93.43 

5 92.75 91.92 88.64 91.17 

Average 
and 

92.35 92.36 91.74 90.35 

Standard 
Deviation + 3.30 + 2.77 + 3.38 + 7.47 

There was no significant difference in total digestibil- 

ity between the two groups of Table 7. One rat in the 

group without DMSO died (cause unknown); therefore, no 

results can be seen in the above tabulation. This 

result is in opposition to the tendency shown in the 

1 
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pilot trial suggesting the total digestibility of the 

rats is improved by the addition of DMSO. 

Protein Digestibility. 

TABLE 8 

DMSO Treated 
Rat No. l 4 

Day 

1 91.08 93.53 84.70 91.76 88.76 

2 75.99 92.83 67.40 75.20 66.47 

3 81.26 75.94 84.50 78.44 84.45 

4 82.92 86.80 81.21 81.08 81.45 

Average 
and 

82.81 87.28 79.45 81.62 80.28 

Standard 
Deviation + 6.25 ± 8.14 + 8.19 ± 7.18 + 9,68 

No DMSO 
Rat No. 1 4 5 

Day % % 

1 95.40 91.82 89.20 97.71 

2 91.21 92.74 95.90 69.61 

3 84.56 82.21 86.76 87.05 

4 84.00 85.84 84.75 90,87 

Average 
and 

88.79 88.15 89.15 86.31 

Standard 
Deviation + 5.49 ± 5.00 ± 4,85 ±11,98 

There was no significant difference between the two 

groups of Table 8 in protein digestibility. This result 

is again different from the tendency of the pilot trial, 

and the actual protein digestion figures are less than 

for the pilot trial. Why this should occur again is 

2 3 5 

3 

% % % % 

% % 
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unknown. 

In summary, DMSO does not affect the total or pro- 

tein digestibility of rats whose diet contained 50 parts 

per million of the chemical. 

Protein B 

Total Digestibility. 

TABLE 9 

DMSO Treated 
Rat No. 1 2 3 4 5 

Day / 

1 90.22 99.82 88.92 89.92 89.00 

2 96,70 96.36 84.11 83.70 92.25 

3 94.09 88.20 88.00 96.00 92.89 

4 86.30 85.17 92.33 90.60 88.50 

5 92.86 90.92 83.17 87.21 95.75 

6 94.00 92.58 89.10 83.36 92.33 

Average 
and 

92.36 92.18 87.61 88.47 91.79 

Standard 
Deviation ± 3.64 ± 5.34 ± 3.42 ± 4.77 ± 2.68 

No DMSO 

Rat No. 1 3 4 5 

Day °/0 % /° 

1 98.91 91.29 96.73 98.29 

2 93.54 84.70 90.47 86.92 

3 88.50 92.38 88.81 90.08 

4 88.50 92.09 93.07 86.63 

5 93.20 95.08 86.07 95.45 

6 96.09 90.21 89.64 95.50 

Average 
and 

93.12 90.96 90.80 92.15 

Standard 
Deviation ± 4.13 ± 3.47 ± 3.69 ± 4.94 

% % 

% 
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There was no significant difference in total digestibil- 

ity between the two groups in Table 9. It will be noted 

that the digestibility of Protein B diet is greater than 

that of Protein A diet; this is to be expected because 

Protein B diet contains more digestible protein. 

Protein Digestibility. 

TABLE 10 

DMSO Treated 
Rat No. 

,. 

2 3 4 5 

Day 

1 84.12 99.68 74.81 82,21 87.19 

2 94.64 93.51 63.88 71.23 90.98 

3 90.40 78.95 72.72 92,94 91.72 

4 77.40 73.54 82.57 83.41 86.61 

5 88.39 83.80 61.74 77.43 95,05 

6 90.25 86.77 75.22 70.64 91.07 

Average 
and 

87.53 86.04 71.82 79.64 90.44 

Standard 
Deviation ± 6.02 + 9.53 ± 7.77 ± 8.42 ± 3.12 

No DMSO 
Rat No, 1 3 4 5 

--,- 

Day 

1 98.67 85.30 94.55 97.61 

2 92.13 74.19 84.09 81.75 

3 86.00 87.14 81.32 86.15 

4 86.00 86.66 88.43 81,33 

5 91.72 91.70 76.74 93.66 

6 95.24 83.49 82.70 93,72 

Average 
and 

91.63 84.75 84.64 89.04 

Standard 
Deviation ± 5.02 ± 5.85 ± 6.16 ± 6,89 

1 

% % % % % 

% % % % 
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Testing the two groups of Table 10 statistically found no 

significant difference in protein digestibility. The 

average digestibility of the five rats on Protein B diet 

with DMSO is 83.10 percent and the four rats without 

DMSO, 87.51 percent; the average digestibility of the 

five rats on Protein A diet with DMSO is 82.29 percent 

and the four rats without DMSO, 88.10 percent. Unless 

rats can digest blood more efficiently than ruminants 

C Morrison (46) digestibility coefficients are figured 

for sheep and cattle), the figures for the blood -con- 

taining diet, Diet A, seem to be too high. 

To summarize, the total and protein digestibility 

of rats whose diet contained 50 parts per million DMSO 

were unaffected by the addition of the chemical. 
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High Fat 

Total Digestibility. 

TABLE 11 

DMSO Treated 
Rat No. 1 2 3 4 5 

Day a/ 

1 96.69 99.08 98,05 97.88 98.82 

2 90.00 98.90 82.41 95.36 93.80 

3 87.50 90.55 91.55 82.87 84.82 

4 91.13 84.73 84.37 94.56 88,00 

5 93.00 86.63 84.60 90.27 87,93 

Average 
and 

91.66 91.98 88.20 92.19 90.67 

Standard 
Deviation ± 3.45 ± 6.74 ± 6.51 5.89 ± 5.59 

No DMSO 
Rat No. 1 3 4 5 

Day / / 

1 96.67 97.44 98.11 96.72 

2 93.40 96.27 93,47 91.92 

3 92.82 89,77 94.18 91.22 

4 89.67 86.62 87.94 98.33 

5 92.00 89.83 91.50 89.31 

Average 
and 

92.91 91.99 93.04 93.50 

Standard 
Deviation ± 2.54 ± 4.65 ± 3.73 ± 3.84 

Significant difference in total digestibility between 

the two groups of Table 11 was not present. 

± 

% % 

% % 
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Fat Digestibility. 

Rat No. 

Day 

1 

2 

3 

4 

5 

TABLE 12 

DMSO Treated 
1 2 3 4 

98.72 

96.16 

95.20 

96.60 

97.31 

99.50 98.15 

99.40 83.31 

94.87 91.98 

91.71 85.17 

92.74 85.39 

98,91 

97.6]. 

91,17 

97.19 

94.99 

99.23 

95.92 

90.02 

92.11 

92.06 

Average 
and 

96.80 95.64 88.80 95.97 93.87 

Standard 
Deviation ± 1.32 + 3.66 ± 6.18 + 3.03 ± 3.68 

No DMS0 
Rat No. 1 3 5 

Day % % 

1 98.52 98.82 98.76 98.86 

2 97.08 98.27 95.71 97.20 

3 96.82 95.26 96.17 96.96 

4 95.42 93.80 92.06 99.42 

5 96.46 95,29 94.41 96.29 

Average 
and 

96.86 96,29 95.43 97.75 

Standard 
Deviation ± 1.12 ± 2.16 ± 2.44 ± 1.33 

Difference in fat digestibility between both groups of 

Table 12 was not significant. The High Fat diet has the 

highest digestibility coefficient of the diets; there- 

fore, it would be difficult to tell if DMSO did have any 

improvement effect. 

In conclusion, 50 parts per million DMSO added to 

a rat's diet does not increase or decrease the total 

5 

% % % 

4 
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or fat digestibility. 

Protein C 

Total Digestibility. 

TABLE 13 

DMSO Treated 
Rat No. 1 2 3 4 5 

Day 

1 92.14 85.10 92.55 92.62 91.70 

2 87.43 94.76 90.92 87.50 80.98 

3 91.87 90.00 89.82 95.00 92.34 

4 89.59 87,89 90.18 89:28 91.70 

5 90.86 91.42 92.30 91.74 94.44 

Average 
and 

90.38 89.83 91.15 91.23 90.23 

Standard 
Deviation ± 1.92 ± 3.64 ± 1,22 + 2.92 ± 5.30 

No DMSO 
Rat No. 1 4 5 

Day % % % % 

1 94.28 91.72 95.45 92.07 

2 90.83 93.94 92.36 90.59 

3 91.07 88.49 89.67 89.89 

4 87,39 92.87 89.00 91.32 

5 89.40 90.80 90.39 87.77 

Average 
and 

90.59 91.56 91.37 90.32 

Standard 
Deviation ± 2.53 ± 2.08 ± 2.60 ± 1.64 

Total digestibility of the feed between groups of Table 

13 was not significantly different. It can be seen that 

the above results are very similar to the results of the 

Protein A diet. 

3 

% % % % 
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Protein Digestibility. 

Rat No. 

Day 

1 

2 

3 

4 

TABLE 14 

DMSO Treated 
1 2 3 4 5 

% 

94.28 

84.62 

88.00 

89.06 

% % 

94.29 85.02 

93.67 68.09 

78.78 84.82 

88.36 81.61 

95.72 

87.10 

88.78 

90.15 

87.11 

61.54 

82,16 

78.72 

Average 
and 

88.99 88.78 79.89 90.44 77.38 

Standard 
Deviation ± 4,00 ± 7.18 ± 8.02 t 3.73 ±11,11 

No DMSO 
Rat No. 1 3 4 5 

Day 

1 96.43 90.75 87.71 98.18 

2 93.18 91.79 95.33 75.92 

3 88.03 79.88 84.92 89.74 

4 87.59 83.99 82.63 92.76 

Average 
and 

91.31 86.60 87.65 89.15 

Standard 
Deviation ± 4.26 + 5.66 + 5.53 + 9.48 

There was no significant difference in protein digesti- 

bility between the two groups of Table 14. Protein C 

diet was repeated to verify the results obtained with 

Protein A diet, and it can be seen that they are very 

similar. 

In the above trial, 50 parts per million DMSO did 

not increase or decrease the total or protein 

% % % % 
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digestibility of the rats whose diet contained it. 

After the digestion trials had concluded, the rats 

were donated to Mr. Warren North at the Small Animal 

Laboratory for breeding purposes. Mr. North reported 

that the young produced from the DMSO fed rats were as 

healthy as normally fed rats. DMS° does not, therefore, 

interfere in development or production of the young. 

Enzymatic Studies 

In all enzyme studies done, the concentrations of 

DMSO used have been 25 and 50 parts per million. The 

concentration of 25 parts per million was used because 

Dr. Arscott (personal communication), Poultry Department, 

Oregon State University, noted that poultry fed on a 

diet which contained DMSO, at concentrations less than 

50 parts per million, gained weight faster than poultry 

whose diet did not contain DMSO. The reason for using a 

concentration of 50 parts per million was pointed out 

previously. 

Mr. R. Herschler (Crown Zellerbach Research Divi- 

sion, Camas, Washington) has reported that DMSO increased 

the activity of a cellulase enzyme. It was thought that 

if enzymatic activity could be increased, then digesti- 

bility would be directly affected. For that reason, 

research has been conducted with a protease enzyme, a 
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cellulase enzyme, an amylase enzyme, and a lipase enzyme. 

Rennet 

TABLE 15 

Dilution 
of 

Rennet 

Time of Formation of Curd 

Standard Milk 
Milk + 25 ppm 

DMSO 
Milk + 50 ppm 

DMSO 

1/500 2 min. 6 sec. 2 min. 4 sec. 1 min. 59 sec. 

1/400 1 min. 43 sec. 1 min. 30 sec. 1 min. 35 sec. 

1/300 1 min. 21 sec. 1 min. 22 sec. 1 min. 25 sec. 

1/200 1 min. 1 sec, 1 min. 4 sec. 1 min. 2 sec. 

1/100 0 min. 30 sec. O min. 35 sec. O min. 32 sec. 

It can be seen from Figure 1 and Table 15! that the time 

required for clotting varies in approximately inverse 

relation to the amount of enzyme present. The shape of 

the three curves is approximately equal, although the 

time required for the 1/400 dilution of enzyme, milk plus 

25 parts per million DMSO, to clot is considerably less 

than the other two dilutions. At higher concentrations, 

though, the curves are very similar; therefore, because 

the test involves a visual detection of curd formation, 

the difference in time can probably be attributed to 

human error. The probable equation for the reaction is: 

++ 
Casein Rennet Para Casein Cá-ß- Clot 

In conclusion, DMSO does not increase the activity 

of rennin when it is applied to a substrate at a concen- 

tration of 25 and 50 parts per million. 
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TABLE 16 

No. 
Amount of Substrate ml. 

Enzyme (mg /ml) plus DMSO 
0.01 N NaON 

Used 
Activity 
(units /mg) 

1 0.05 -- 0.39 15.60 

2 0.05 25 ppm 0.40 16.00 

3 0.05 50 ppm 0.40 16.00 

4 0.0375 -- 0.30 16.00 

5 0.0375 25 ppm 0.31 16.53 

6 0.0375 50 ppm 0.30 16.00 

7 0.025 -- 0.19 15.20 

8 0.025 25 ppm 0.20 16.00 

9 0.025 50 ppm 0.20 16.00. 

10 0.0125 -- 0.10 16.00 

11 0.0125 25 ppm 0.10 16.00 

12 0.0125 50 ppm 0.10 16.00 

The above table, 16, shows conclusively that DMSO 

does not increase the enzyme activity. All enzyme 

activities are 16, except for numbers 1, 5, and 7. The 

reason for the variations could be attributed to the 

small amount of acid produced and, hence, the magnifica- 

tion of a slight difference when activity units are 

worked out. 

DMSO, when applied to a substrate at concentrations 

of 25 and 50 parts per million, does not increase pan- 

creatic lipase activity. 



Cellulase 

TABLE 17 
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Time for Carboxymethylcellulose to Pass 
Amount of Through Viscosimeter 

Enzyme (mg/ml) No DMSO 25 ppm DMSO 50 ppm DMSO 

0.00 2 min. O sec. 2 min. 0 sec. 1 min, 59 sec. 

0.05 1 min.48 sec. 1 min.50 sec. 1 min. 45 sec. 

0.10 1 min.20 sec. 1 min.10 sec. 1 min. 20 sec. 

0.30 0 min.50 sec, 0 min.55 sec. 0 min. 52 sec. 

0.50 O'min.35 sec. 0 min.36 sec. 0 min. 35 sec. 

1.00 0 min.10 sec. 0 min.11 sec. 0 min. 12 sec. 

It can be seen from Figure 2 and Table 17 that the time 

for viscosity lowering at all concentrations of enzyme is 

approximately the same. The shapes of the curves are 

approximately the same, also, except in the case of 25 

parts per million DMSO at a concentration of 0.1 milli- 

gram per milliliter, where the time was less than for the 

other two. Because the test involves a visual detection 

of a liquid passing a line, it is felt that the slight 

time difference is unimportant and could be attributed 

more to human error than to enzyme effect. 

In summary, DMSO does not increase the activity of 

cellulase when it acts on substrates which contain 25 

and 50 parts per million of the chemical. 
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Alpha Amylase 

TABLE 18 

Maltose Calibration Curve* 

Concentration 
of Maltose 
(,wmoles) Transmittance 

0.0 100.0 

0.3 74.0 

0.9 43.8 

1.5 29.5 

2.1 20.0 

2.7 12.5 

3.0 7.3 

Concentration 
of Enzyme 
(Á moles) 

TABLE 19 

% Transmittance of Substrate 
No DMSO 25 ppm DMSO 50 ppm DMSO 

0.0 100.0 100.0 100.0 

3.0 75.8 64.3 66.3 

6.0 50.5 36.8 53,8 

9.0 43.0 22.8 39.0 

12.0 34.0 17.0 24.3 

15.0 14.7 9.8 13.2 

* See Figure 3. 
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Concentration 
of Enzyme 
(.,moles) 

0.0 

3.0 

6.0 

9.0 

12.0 

15.0 

TABLE 20 

Activity Units 

No DMSO 25 ppm DMSO 50 ppm DMSO 

0.00 0.00 0.00 

0.28 0.50 0.46 

0.79 1.20 0.70 

0.94 1.91 1.10 

1.31 2.34 1.83 

2.54 2.86 2.65 

The table of activity units, 20, calculated from 

the figures given in Table 19, shows that DMSO has 

apparently increased the activity of the enzyme which 

contains 25 and 50 parts per million DMSO. The substrate 

which contains 25 parts per million DMSO shows a marked 

increase at every concentration of enzyme; however, 

these increases were not significant when tested by 

students' T test (41). 

When the procedure outlined in Worthington's Enzyme 

Reagents (68) was followed, reduction of the 3,5 -dini- 

trosalicylic acid would not take place. The color 

reagent was made in the following way: one gram of 

3,5- dinitrosalicylic acid was dissolved in 20 milliliters 
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of water. Thirty grams of potassium -sodium tartrate 

(Rochelle salt) were added, and the solution was diluted 

to 100 milliliters. Biological Degradation of Cellulose 

(25) uses the same color reagent, but also adds phenol 

and anhydrous sodium bisulfite. When these last two 

components were added, a reduction did take place. The 

reason for the above phenomenon is unknown. 

In conclusion, DMSO does not increase the activity 

of alpha amylase when it is applied to a substrate at a 

concentration of 25 and 50 parts per million. 
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SUMMARY 

A screening test was conducted with 40 rats to 

determine whether 50 parts per million DMSO in high fiber 

and indigestible protein diets would increase liver and 

kidney size after a feeding period of 44 days. Statisti- 

cally, there was no significant difference between the 

average liver and kidney weights of the two groups, but 

the percentage of body weight, represented by liver and 

kidney weights, of the rats on the protein diet suggested 

that DMSO had promoted growth. Post -mortem examination 

of 12 of the rats showed that no damage had occurred to 

organs. 

A pilot digestibility trial with four of the 40 rats 

suggested that total digestibility by the rats on the 

protein diet had been improved by the addition of 50 

parts per million DMSO; whereas the total digestibility 

by the rats on the high fiber diet had been impaired. 

There was also a suggestion of increased protein digesti- 

bility on the protein diet, and no change in digestibil- 

ity on the high fiber diet. 

Five digestion trials (high fiber, high fat, and 

three protein) were designed to investigate the effect of 

DMSO on digestibility by rats of the various diets. In 

all cases, total digestibility, and in the individual 

cases fat, high fiber, and protein digestibilities, were 
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not significantly affected by DMSO. At the conclusion of 

the trial, the five rats that had received the DMSO were 

bred. The offspring produced were normal and healthy, 

showing that DMSO did not interfere in development or 

production of the young. 

Enzymatic studies were conducted to determine if 

DMSO, at concentrations of 25 and 50 parts per million, 

would increase the activity of the enzymes rennin, lipase, 

cellulase, and alpha amylase. None of the four were 

significantly affected although there were apparent 

trends toward improved alpha amylase activity. 
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