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IN'rn.ODUCTION 

Since the discovery that glycerol, a trihydro.xy- alcohol, would 

provide protection far spermatozoa during the freezing am. thawing 

process, many questions have arisen concerning its metabolism and 

mode of action. Most of the recent work, with various types of 

single cells and tissues, has shown that the cells are permeated by 

g~erol and that entry must occur before full protection is afforded. 

However, the methods employed in the majority of these studies have 

not proven successful far bovine spermatozoa, possibly due to its ex­

tremely inflexible cellular membrane and/ or the slow rate at which 

glycerol enters the cell. 

The majority of the information concerning glycerol entry into 

bovine spermatozoa bas been supplied by metabolic studies. These 

studies have in:licated that glycerol is metabolized by spermatozoa 

both anaerobically am. aerobically in quantities too large to at­

tribute the action to extracellular enzy:11Es alone. However, rela­

tively little information is available concerning the intracellular 

loci of glycerol action. 

Thus, this inV'estigation was undertaken to provide additional 

information concerning the metabolism and localization of glycerol 

in the bovine spermatozoa. 



REVIEW OF LITERATURE 

Metabolism 

A yeast fernantable sugar, present in the secretions of the 

seminal vesicles, has been found to be the primary source of nutri­

ents far bovine spermatozoa. In the course of most investigations 

it had been called the "reducing sugar" or glucose; however, Mann, 

in 1946 (59), discovered that the reducing carbohydrate of the semin­

al plasma was not glucose, but rather d( - ) fructose. Fructose was 

purified from seminal plasma and identified by its reducing value, 

optical activity, preparation of metbylphenyl fructoeazone, and 

yeast-fermentation tests. 

In the seminal plasma of several species, including the bull, 

fructose accounts far practically all the yeast fermentable sugar. 

Fructose varies from about 50 mg. per cent in the boar to as nm.ch as 

one gram per 100 ml. in the bull ( 60). 

Erb, et al. (24) have found that there is an inverse relation­

ship between sperm numbers and fructose concentration, especially 

after the sperm concentration reaches 1. 2 to 1.4 X 109 spermatozoa 

per milliliter of semen. 

The prillary function of fructose in se:nran is to supply the 

spermatozoa with readily glycolyzable material. On storage, the 

fructose falls progressively and lactic acid acCUJDlllates. Since 

fructose is the normal sugar present in semen it is the one normally 

used, but spermatozoa also have the enzymes necessary to metabolize 



glucose and marmose. 

Mann (59) has fourn that the breakdown of fructose, glucose, 

and mannose by spermatozoa is initiated by a hexokinase interaction 

with adenosine triphosphate (ATP) to farm monophosphohexose. Thus 

farmed, it is further metabolized through diphosphohexose, phospho­

triose, phosphoglyceric acid and pyrul"ic acid to lactic acid. This 

is apparently true far ram, boar, and stallion spermatozoa, as well 

as far the bull. Moore (68) has shown that ram, boar, and stallion 

spermatozoa are able to utilize those hexoses which possess a spa­

tial arrangement of the attached groups on carbon atoms three and 

four identical to that of glucose. These hexoses are glucose, fruc­

tose and mannose. 

It has been further shown that ram spermatozoa do not possess 

the enzyme systema required to cause hydrolysis of alpha- or beta­

glucosidic linkages; theref are, they are incapable of utilizing di­

or poly-saccharides. This does not agree with Plaut and Lardy• s in­

vestigation concerning bull spermatozoa (75). These workers feel 

that bovine spermatozoa have the ability to utilize maltose and 

that small amounts of seminal plasma increase the ability of sperma­

tozoa to utilize this sugar. 

Kampschmidt, Mayer, and Herman (45) fOtlJld that sucrose or ga­

lactose was not Etabolized by bovine spermatozoa, but that as long 

as metabolizable sugar was present in the semen, sucrose or galac­

tose may be used to maintain a high degree of 1110tility during the 

storage period. They also found that as the ratio of glucose to 

3 
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buffer is increased in the storage :mdia, there is an increase in 

storage time of the sperEtozoa. It is well known that fructose is 

utilized both aerobically and anaerobically. Several workers (19, 

24, 26, 59) have shown that there is a greater utilization of fruc­

tose umer anaerobic than under aerobic comitions. Mann (59) has 

shown that washed sperm can survive anaerobically o~ in the pres­

ence of some gI,col.yzable carbohydrate. It was further shown, us~ 

a calcium free Ringer• s solution with o.5 per cent fructose, that 

the rate of tructose utilization is greater in nitrogen than in air 

and that the ratio between lactic acid produced and fructose utilized 

is greater uaier nitrogen. If anaerobic fructolysia is allowed to 

proceed almost to depletion or fructose and at this point fresh 

Ringer-fructose phosphate is added, the spermatozoa are revived and 

continue to produce lactic acid. Under oxygen, sperm cells may sur­

vive due to the utilization of other compounds, probably through the 

Krebs cycle. 

Walton and Dott (102) stmied the activity of uaiiluted ram and 

bull spermatozoa by the use of a Rothschild impedance bridge. The 

se:mn samples were placed, un:liluted, in a constant stream of Krebs­

Ringer-bicarbonate saturated with either 5.o per cent carbon dioxide 

plus 95.0 per cent ox,gen for aerobic experiments, or 5.0 per cent 

carbon dioxide plus 95.0 per cent nitrogen tar anaerobic experi­

:mnts. The greatest activity was obtained with fructose uaier 

aerobic conditions. Less activity was noted when either o:Jcygen or 

fructose was omitted separately, and in the absence or both fructose 
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am oJcygen, spermatozoan activity quickly ceased. 

Ehlers and Erb (19) studied the utilization of fructose with 

emphasis on the amount of' fructose utilized which could be accounted 

for as lactic acid. In this particular study, pure anaerobic or 

aerobic comitions were not maintained, but an attempt was made to 

duplicate field comitions in artificial breeding. Three types of 

extenders were used: 1) phosphate buffer, 2) heated homogenized milk, 

3) egg yolk phosphate. In the presence of phosphate buffer, with in­

cubation far one hour at 37°c. under aerobic conditions, it was found 

that 40 per cent of the fructose was utilized, as compared to 42 per 

cent umer anaerobic conditions. The average amount of fructose 

utilization accounted for as lactic acid was 72 and 73 per cent, re­

spectively. When the three types of' diluters were compared, lactic 

acid production was highest in egg yolk, intermediate in milk, am 

least in the presence of phosphate. 

Hopwood, ~ !!• (43) have studied fructose utilization from the 

standpoint of its relation to fertility. These workers feel that a 

measure of the rate of fructolysia, as expressed by a "fructolysis 

index", might be useful in predicting fertility. It was also found 

that the rate of fructose utilization was essentially a first order 

reaction. Semen was incubated at 37°c. for three hours and the 

fructose content determined at 20, 40, 60, 80, 120, and 180 minutes. 

It has been shown (60) that under anaerobic conditions the final 

product of fructose utilization, by bull spermatozoa, is lactic acid, 

which carmot be oxidized further. However, it has also been shown 
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(19) that the lactic acid increase does not account for all the sugar 

utilized. There appear to be several factors which affect this. 

Samples high in sperm con::entration have more of the fructose uti­

lized, accountable as lactic acid. As the dilution rate was in­

creased, there was a marked decline in fructose utilization and an 

even greater decline in lactic acid formation. It was also noted 

that young bulls• semen had relatively high fructose utilization on 

the basis of sperm numbers, but fructose utilization, accounted for 

as lactic acid, was markedly lower than for other semen. Apparentq, 

geographical location also bas an effect on fructose utilization. 

Erb, et !!• (23) fmmi that the utilization rate of fructose by 

spermatozoa was 11 per cent higher far Colorado as compared to Wash­

ington. 

Flerchinger, ,!! al. (26) have demonstrated that bovine sperma­

tozoa are capable of utilizing lactic, pyruvic, and acetic acid and 

that lactic acid is a normal constituent of semen. This is in agree­

ment with Mann (60) for boar semen. He reported 21 ~• per cent 

lactic acid present in normal, fresh ejaculated boar semen. Hllmphrey 

and Mann (44) reported that citric acid is a normal constituent of 

the semen of man, bull, ram, boar, am stallion, but that it is high­

er in the bull than in the other species. It was also noted that 

citric acid was metabolized both aerobically am anaerobically by 

spermatozoa. 

Erb, !! !!• (24) have found that bull sperm are capable of 

metabolizing pyr,rrate with an increase in respiration rate umer 



aerobic comitions. They further state that pyruvic acid may be 

metabolized by dismutation under anaerobic comitions in suspensions 

containing fluoride. They point out that by adding the probable in­

crease in pyruvic acid under anaerobic comitions, 80 and up to 91 

per cent recoveries of fructose are possible. 

7 

Melrose am Tarner (65) studied the metabolism of pyruvate in 

bull spermatozoa using KRP ar KRC (calcium-free) at 37°c. It was 

found that the respiration of washed bull spermatozoa was increased 

by the addition of pyruvate and that the pyruvate was, in part, con­

verted to lactate. DPN (2-4 dinitrophenol) abolished the conversion 

of pyravate to lactate and inhibited the oxidative disappearance of 

p3runte. Fluoride decreased the rate of pyravate utilization, but 

lactic acid production was not affected.. Glew ( 32) adopted the above 

technique of Melrose and Terner in an attempt to relate pyruvate 

metabolism to fertility. Two hum.red am ninety-one samples of 

semen from 74 dairy bulls were tested and graded according to meta­

bolic response. Four distinct :metabolic groups were found with a 

highl1' significant relationship between metabolic responses and fer­

till ty levels of the bulls. 

Flipse am Abquist (28) state that failure to account far 

fructose utilization by lactic acid formation may imicate the exist­

ence of alternate pathways of metabolism or the formation and the 

breakdown of lactic acid into other compounds. However, in view of 

results obtained by Erb, et al. (24), part of this breakdown of 

:fructose mBJ' be accounted for as pyruvic acid which would not 
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r1ecessitate either an alternate pathway or further breakdown of lactic 

acid. Nevertheless, Flipse and Alnluist (28) found that during the 

anaerobic dissimilation of glucose-c14, the major portion of radioac­

tivity appeared as lactic acid although some activity was found in 

carbon dioxide, volatile acids, and an unidentified compound. They 

also state that spermatozoa probably metabolize glucose to lactic acid, 

and that lactic acid may be further broken down to carbon dioxide, 

acetate and other compomns. Results with illlnotile spermatozoa indi­

cated that carbon dioxide may- be formed without passing through the 

intermediate stage of lactation. 

Flipse (27) stmied the uptake of glucose-c14 by bovine sperma­

tozoa and fomd that uptake increased with increased inc'Ubation time, 

the relationship being approximately linear. A more rapid uptake was 

associated with anaerobic than with aerobic conditions, this being at­

tributed to a more rapid glycolysis 1J?lder nitrogen, with the libera­

tion of c14 containing metabolites from the cell. A reduced uptake 

was obtained in the presence of seminal plasma which st1ggested the 

presence of some substance in seminal plasma which: l) is used in 

preference to glucose, 2) inhibits uptake of radioactive glucose, or 

3) stimulates glycolysis and the release of radioactive metabolites. 

It was noted that a small amount of radioactivity was associated with 

dead spermatozoa incubated with glucose-c14 at 37°c. under aerobic or 

anaerobic comitions. 

Work on semen JDetabolism has indicated that phosphorus­

containing enzymes play an important role in sperm glycolysis. Fler­

chinger and Erb (2.5) have st1Jdied the phosphorus relationship in 
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an attempt to correlate it with fertility am sperm cell concentra­

tion. During incubation far one hour at 37oC., the total phosphorus 

was found to increase 1.4 mg. per cent. They showed that total phos­

phorus increased. almost directfy in proportion to increases in sperm 

concentration. 

In an attempt to test the hypothesis that a mechanism similar 

to that of lllUBcle is responsible far the energy-requiring processes 

of bovine spermatozoa, Grunfeld and M:lrilan (36) have studied the 

effects of s-upplementary amino acids and adenosine phosphates on 

motility and metabolism of bovine spermatozoa. Addition of AMP to 

whole semen had no apparent effect on the rate of respiration am 

depressed anaerobic gfy'cofysis. Additions of AMP and ATP to washed 

spermatozoa stimulated respiration and anaerobic gfy'cofysis. ThEr e 

was a rapid utilization of added ATP, but its utilization in~ 

may be different from that seen in vitro. AMP caused a quick tem­

porary increase in motility, while samples to which creatim had 

been added maintained a higher motility than the controls. It was 

noted that ATP is quickly utilized by washed spermatozoa, indicating 

that ATP may be removed during washing or that in the absence of 

seminal plasma there is an over stimulation of the cells. Walton am 

Dott (102) state that: "it should be noted that whatever pathway pro­

vides the energy, the final link between metabolism and motility is 

the SaDE, nanefy, the generation of energy-rich phosphate bonis 

(A. T .P.) which, acting with SODl:l contractile slJbstance, comparable 

to act<J1173Sin in nmscle, senis rhythmical contractions down the 
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length of the sperm tail 11 • 

Mann (58) has shown that ATP is continually broken down and re­

synthesized in the course of sperm glycolysis, with the ATP content 

and anaerobic survival depending upon the maintenance of sperm gly­

co'.cysis since ATP is readily dephosphorylated. 

A rapid uptake of radioactive phosphorus ac'hnjnistered as disodi­

um phosphate was demonstrated by Bishop and Weinstock ( 6) with bull 

spermatozoa. When the seminal plasma was removed by centrifi3gation 

am the sperm resuspended in Tyrod.e•s solution, maximum uptake was 

attained in 5 to 45 minutes. Uptake was shown to be most rapid in 

highly motile samples which vere preSlDDBd to be mare metabolically 

active. It was found that 75 per cent of the p32 which entered the 

cell was in the form of inorganic phosphate and only about six per 

cent was combined as phospholipid. Removal of the adhered p32 could 

be accomplished by double washing. H01i8"Ter, washing of spermatozoa 

produces many- and varied effects on spermatozoan metabolism. Mayer 

(62) has pointed out that washing decreases endogenous respiration 

and causes a greater increase in respiration when glucose or succina 

is added. Washing spermatozoa before cold shock had a more depress­

ing effect than cold shock alone. 

In 1953, White (103) investigated the effects of one am two 

was~s on the motility, oxygen uptake, am aerobic glyco'.cysis of 

ram, bull, and rabbit spermatozoa in a phosphate-fructose diluent at 

37°c. He found no significant effect of washing on bull spermatozoa 

as far as o:Jcygen consumption or motility were concerned. Lactic acid 
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production was decreased by washing twice, while no effect was noted 

from a single washing. 

In another stw.y, White (let) foum that total oxygen uptake of 

ram and bull spermatozoa, in a three hour period at 37oe., was not 

affected by washing four times in a sodium phosphate-fructose dilu­

ent or by centrifugation four times without washing. However, lactic 

acid production by the spermatozoa of both species was significantly 

reduced by washing four t:iJJes, whereas centrif'Uging had no effect. 

When 0.OOJ, M KCL was added to the washing solution, ram aDi bull 

spermatozoa produced more lactic acid than in the absence of potas­

sium.. Fram this it was concluded that potassium is lost during 

washing and dilution aDi that it is more important in gl.ycolysis 

than the orldatiTe mecbanisma. 

Smith, Mayer aDi Merilan (97) studied the effect of washing 

bovine spermatozoa four times with isotonic saline. They found that 

washing with saline produced a highly significant stimulation of 

succinic deh;ydrogenase am aldolase. From their stmy, it appears 

that the primary harmful effect of washing may be due to the loss of 

necessary components of the cellular enzyme sy-stems or the enzymes 

theml!lelves. Further studies have shown that egg yolk, a cOJIDIIOn ex­

ten::ler for borlne spermatozoa, sti.Jlmlates succinic aDi malic debydro­

genases and glyceral.del\Yde-3-phospbate activity of bovine sperm cells 

and that the stimalation was not necessarily dependent upon washing 

(96). 
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Glycerol Utilization 

In 1949 Polge, et al. (79) discovered that if glycerol was added 

to the freezing medium a significant number of fowl spermatozoa would 

survive the freezing and thawing process. This discovery opened new 

and :iJllportant fields of study concerning not anl7 the freezing am 

thawing procedures with glycerol, but also the metabolism of glycerol 

and. related compounis. 

Mam (60) observed that glycerol, unlike s11gars and. fatty acids, 

was not oxidized by' ram or bull spermatozoa. It was believed that 

glycerol exerted its protective action by preventing denaturation 

during freezing and thawing. 

White, et!!• (105) have studied the metabolism of glycerol, in 

combination with various substrates, am its effects on motility. 

They foun:l that a combination of g11'cerol and arabinose greatly im­

prOYed the survival of bull spermatozoa during slow freezi.~. In 

this study four extemers were used: 1) Phosphate-fructose, 2) phos­

phate-fructose plus 7.5 per cent glycerol, 3) phosphate-fructose plus 

1. 25 per cent arabinose, 4) phosphate-fructose, 1 .5 per cent glycerol 

and 1. 25 per cent arabinose. It was f oun:l that lactic acid could be 

produced b7 ram and. bull spermatozoa from g1ycerol, but not from 

arabinose. It was postulated that arabinose might accelerate the 

entey of glycerol into the spermatozoa, but no explanation was of­

fered concerning where glycerol enters the gl.ycolytic cycle. The 

observation that glycerol is converted to lactic acid suggests that 
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it does enter the s::permatozoa. The cells were centrifuged twice at 

300 times gravity and metabolic stixlies com.ucted in a Warburg Respi­

rometer at 37<>c. for two to three hours, with a shaking rate of 114 

strokes :per minu.te. 

In contrast to Mann's earlier work (60), Mann am. White (61) 

have f OUlri that g:cycerol ( o. 01 M) was utilized aerobically- by washed 

ram s::permatozoa, 3 X 108 cells per milliliter. The disap::pearance of 

glycerol was acco~ed by an increased o:qgen uptake, and by an ac­

cumulation of lactic acid, which appeared to be an intermediate prod­

uct in the oxidative breakdown of g:cycerol. When glycerol was re­

placed by d~oxyacetone, the oxygen cons'UJIIPtion of spermatozoa was 

increased and lactic acid increased in about the same amoants as from 

glycerol. Apparently phosphoglycerol is dephosphorylated by washed 

ram. s::permatozoa both anaerobically- and aerobical.:cy', but umer anaerob­

ic conditions glycerol accumulated as the final product of phospho­

glycerol breakdown. It was also f oum that there is little or no 

disappearance of glycerol under anaerobic co?Xli tions and that glycerol 

has no appreciable etf ect on the rate of anaerobic fructolysis in 

sperm slJSP8nsions to which fructose bas been added. 

The inability of spermatozoa to utilize glycerol UD:3.er anaerobic 

com.itions, as reported by Mann and White (61), does not agree with 

the observations of 0•Dell, Flipse, and Almquist (72) tar boville 

spermatozoa. They designed an experiment to determine if glycerol-1-

clh enters the bull s::perm cell am whether or not glycero1-1-clh is 

metabolized by bull s::permatozoa. 



Semen was incubated um.er nitrogen at 5°0. in the presence of: 

1) fresh pasteurized skim milk heated to 92°0. for ten minutes, 2) 

o. 9 per cent sodium chloride in the presence of ten uc. of g:cycerol, 

with a final concentration of 6.5 to 12.5 per cent glycerol. When 

skim Jli.lk was used, they obtained on:cy, small amounts of radioactivity 

am concluded that the milk might contain substances which compete 

with glycerol for entry into the sperm cell. However, in the pres­

ence of sodium chloride (18-20 hours equilibration) as an extender, 

spermatozoa produced rather large amounts of radioactiTe carbon di­

oxide. By using celli separated from the seminal plasma, it was 

shown that oxidation of the glycerol was due almoet entirely to the 

metabolic processes of the spermatozoa. Tl:e greater activity of 

spermatozoa, in the absence of semi Ml plasma, was thought to be d'Ue 

to remoY&l of metabolizable material S1JCh as fructose. It was con­

cluied that glycerol, as measm-ed b,- anaerobic radioactive carbon 

dioxide prcxluction, entered bull spermatozoa in measurable amounts 

am that a min:iJmJm of four washings was needed to remove all of the 

absorbed glycerol from the sperm cells. 

Glycerol :metabolism in Bacillus subtilis has been stmied b,­

Wiame, ~ !!• (1~) am they concluded that in strain (Sl) glycerol 

is oxidized through the tricarboJcy"lic acid cycle, while in strain 

-(M2) the g:cycerol is actively oxidized before it reaches the tri-

carbo:x;rlic acid cycle. Thus, it appears that dil\vdl'OJcyc1cetone goes 

to di.hydroxr,icetone phosphate to pyruvate am to tbe Krebs cycle or 

comenses to hexoae derivatives. In strain (M2), which contains no 



triokinase, 90 per cent goes to d~o)cy"Scetone while in strain 

(S1) fewer reducing substances are farlll!d, primarily a mixture of 

dibydroxyacetone and acetylmethy-lcarbinol. 

15 

Wood and Werkman ( 108) have studied the dissimilation of glycero 

and utilization of carbon dioxide from glycerol. They foum., with 

several l!lpecies of Propionibacterium, that the total carbon dioxide 

liberated during fermentation of glycerol, plu that remaining in the 

form of carbonate, il!I less than the original carbon dioxide in car­

bonate farm. The decrease results from utilization of carbon di­

oxide by bacteria during their diss:i.11:ilation of glycerol. They be­

lieTed that with these bacteria the formation ar s1JCcinic acid from 

glycerol was not necessarily accompanied b,y an evolution of carbon 

dioxide, because the carbon dioxide was utilized as it was farmd. 

Hauge, et al. (39) have foum that glycerol is rapidly oxidized 

to dieydroxyacetone b,y Acetobacter suboxytians but that the conversion 

proceeds more slowly from dihy-droJcy"acetone. In these bacteria it 

has been found that formation of dieydroJcy"acetone phosphate must take 

place from glycerol alpha-phosphate or from dieydroxyacetone plus 

ATP. At this tm, dib;ydro~cetone phosphate is conYerted b,y iso­

merase am aldolase to fructose diphospbate which lol!les one phos­

phate radial, resulting in the formation of fructose-6-phosphate. At 

this point, it appears to be involved with compounds similar to some 

of those f OU!Ki in the monophospbate shunt ( 73) • Eventual breakdown 

occurs through the pentose cycle. 

It bas been pointed out by Tb1mann (99) that glycerol is fer-
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mented to alcohol, lactic acid, formic acid, carbon dioxide, am 

acetic acid by several species of bacteria. Under anaerobic corxii­

tions, feI"Jllantation ceases before all the glycerol is used. In ani­

mal tissues it appears that the most common mechanism far glycerol 

breakdown is through tbe pathways of carboeytlrate metabolislll, prob­

ably by phosphorylation to phoephoglycerol to dilJ1drox;yacetone phos­

phate to phosphoglyceric alde~e ar phosphoglyceric acid and then to 

P31avi~ and lactic acid8 (18, 40). 

Glycerol apparently has some beneficial effects which may or may 

not be due to 11etabolism alone. Ryley (83) found during the stmy of 

protozoan metabolism that glycerol, as well as maey other compoums, 

st:1.Dmlated respiration to some extent. In addition, Flipse am Alm­

quist (29) fO'UM that motility of bovine spermatozoa was maintained 

longer in a milk-glycine diluent containing glycerol than in any 

other combination tested. In a later investigation (30) it was found 

that glycine am/or glycerol reduced the decline in fertility of 

semen used the third am fourth day after collection. It was also 

noted that ox;ygen conslDBPtion was slightly less when glycerol was 

omitted from milk-glycine-glycerol or saline-glycine-glycerol ex­

ten:ler. 

McLean (64) has observed an increase in survival tiJDe frcm 12-14 

days far control semen to 22-25 days far semen extended in egg yolk 

citrate or boiled, hanogenized milk plus ten per cent glycerol. The 

preliminary- results indicated that the addition of glycerol to dilut­

ed bull semen stored at 2-3°c., :increased its use five days beyon:l 
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its normal usable period, with not more than a five per cent loss in 

conception rate. 

Glycerol Equilibration 

Although a large number of workers have studied the relation­

ships between glycerol equilibration time, exten:iing medium, and 

fertility, there is still disagre~nt on the proper length of equili 

bration time am per cent glycerol to use for best results. 

In 1952, Polge and Lovelock (77) obtained good survival rates 

after equilibrating bull semen far 15 to 20 hours in a final dilution 

of 10 per cent glycerol and 25 per cent egg yolk with J.92 per cent 

sodi1Dll citrate. 

Mimer am Saroff ( 67) used 7 .5 per cent glycerol in egg yolk 

citrate extemer with an equilibration time of 18 h01Jrs and found a 

~her per cent of motile spermatozoa after f'reez~ and tbav.i.ng 

than in aey other concentration of glycerol ranging from 2.5 to 12.5 

per cent. In a later study, Saroff and Mimer (84) demonstrated an 

interaction between egg yolk and glycerol le-vels. Six per cent gly­

cerol was superior far 18.4 and 23.0 per cent egg yolk, while 8 per 

cent glycerol was superiar far 27 .6 per cent egg yolk. Also, it was 

noted that the per cent of motile sperm increased with increased 

equilibration time. In another experi.Dent, using various le-vels of 

egg yolk, glycerol, and 18 hours equilibration time, the best re­

sults were obtained with 7 per cent glycerol and 20 per cent egg 

yolk. 
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Cragle and }trers (14) studied various levels of sodiwn citrate, 

glycerol, and the hours of equilibration time necessary- for accept­

able survival of bovine spermatozoa. Their results indicated accept­

able recovery of progressively motile spermatozoa using 2.4 to 3.3 

per cent sodiwn citrate, 4 • .5 to 8 per cent glycerol, am equilibra­

tion time of 6 • .5 to 16.o hOllrS. 

Later Cragle, et al. (1.5) employed a three-dimensional central 

composite experimental design, am maintained the egg yolk constant 

at 24 per cent in an attempt to determine optimal levels of sodiwn 

citrate, glycerol, am equilibration time. It was estimated from 

their results that 2.9 per cent sodium citrate, 7.6 per cent glycerolJ 

and 14.9 hours equilibration was optimal for freezing bovine sperma­

tozoa in an egg yolk citrate extender. This concentration of glycer­

ol is within the opt:imal range of six to eight per cent found by 

Miller and VanDemark (66). However, in this study, six hours equi­

libration was adequate for optimal survival. Will~ and Green 

(107) also obtained good survival after freezing and thawing using a 

seven per cent glycerol solution; however, in their study, an 18 

hour equil:ihration time was employed. 

In contrast to the longer equilibration times, O'Dell am Hurst 

( 71) showed statistically ~her recovery rates when sperm cells 

were equilibrated in glycerol for O hours as compared to 18 hours. 

In this investigation, both skim milk and egg yolk citrate extenders 

were used. The egg yolk citrate diluter contained 20 per cent egg 

yolk am 80 per cent O.l M sodium citrate. The glycerol was added 
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in five steps at six minute intervals to give a final concentration 

of eight per cent glycerol. 

In Israel, Schindler (85) obtained the best freezing results 

with eight per cent glycerol, which agrees with O•Dell and Hurst 

(71). However, in this study an equilibration time of five hours 

proved most satisfactory. 

Oraham, et al. (33) froze bovine spermatozoa in pasteurized, 

homogenized, heated whole milk plus 10 per cent glycerol and egg 

yolk citrate w1 th seven per cent glycerol. Portions of the semen 

collections were allowed to equilibrate four, eight, and twelve hours 

prior to freezing. Seventy-five day non-returns showed a conception 

rate of 63.4 per cent, 65.2 per cent, and 67.8 per cent for four, 

eight, and twelve hours, respectively. The difference between four 

and twelve hour equilibration was just significant at the five per 

cent level. 

A group o£ Australian workers (7, 21, 22) have studied the ad­

vantages of 30 minute equilibration as compared to equilibrating 

overnight. In SOE of their pre) 1m1nary- studies (21) it was 

fawn that non-equilibrated senm frozen in glycerol and arabinose 

gave a higher three-months non-return rate than the equilibrated con­

trols. Results indicated that 63 per cent of the cows settled with 

non-equilibrated semen while the equilibrated controls showed a 56 

per cent non-return. In more recent publications (7, 22), additional 

evidence has been presented to substantiate their earlier investiga­

tions. Control semen was diluted in egg yolk citrate, buffered with 
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sodium phosphates and stored at 4°c. with a final concentration of 

3 X 107 sperm cells. A secom portion of the original sample was 

diluted to 3 X 107 cells with 7.5 per cent glycerol am 1.25 per cent 

arabinose. One-half of this sample was frozen after 30-50 minutes 

(non-equilibrated), while the remaining portion was allowed to equi­

librate overnight. Fertility tests on 1,014 cows showed no signifi­

cant differences in the fertility of the control semn held at 4°c. 

and the semen frozen to -79°C. with or without equilibration. Thirty-­

one day non-returns showed a 73, 78, and 72 per cent conception rate, 

respectivel7. However, semen .t'rozen under both conditions showed 

fewer live sperm than the controls. In addition, it was observed 

that the non-equilibrated semn showed fewer live sperm. Thus it ap­

pears that semen equilibrated for 18 hours gives a better revival 

rate without any- increase in fertility. This s~orts the findings 

that arabinose might accelerate the entry ot glycerol into the sperm 

cell (105). 

Raf's and Elliott (38) fmun that 25 per cent egg yolk am 1.0 

per cent fructose gave higher revival rates than either glucose or 

xylose in the same concentrations. Equilibration time was held con­

stant at 18 hours. 

Although egg yolk citrate is still the most camnon exten:ier for 

bovine spermatozoa, Rakes and Stallcup (80) have studied the possi­

bility- of using glycine as a replacement for citrate. In this stwy­

a dilution ot 1: 20 and an equilibration time of 18 hours was used. 

It was noted that glycine does not buffer the semen as well as sodium 



citrate, but after six days storage at -78°c. the glycine-yolk ex­

temers were reported to give better results than yolk citrate mix­

tures. 

Protective Action of Glycerol 

21 

Smith, et !!• (95) conducted one of the first investigations on 

the nature at g'.cy-cerol action. In their study it was noted that the 

shape of the ice crystals was modified in the presence of glycerol 

am this suggested that the mechanical stress of freezing llli3ht be 

reduced when glycerol is employed in the freezing media. 

In 1950, SJl:1.th (92) studied the prevention of hemolysis of red 

blood cells during freezing aDi thawing. It was observed that, with­

out any pretreatment, red blood cells of the rabbit could be stored 

in vitro far four weeks if the temperatures were maintained at +2°c. 

to +8°c. However, if 10 to 15 per cent glycerol was used in Ringers• 

solution with O. 85 per cent sodium chloride aDi the cells frozen, 

hemo~is could be prevented far extem.ed periods of time. Later 

Sloviter ( 91) f omn in the freez~ of human red blood cells ill the 

presence of glycsrol that the glycerol JIIDSt be removed befare the 

calls could be placed ill a solution containing no glycerol. Red 

blood cells containing glycerol, regardless of whether ar not they 

bad been frozen, would hemolyze rapidly when placed ill plasma or otb 

isotonic media. This was believed to occur as a result of the in­

creased oemotic tension of the cellular contents. The b;ypertonic 

cell would draw ill water, swell, am rupture. It was further noted 
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that equilibration time was one of the ~ factors to consider when 

freez~ tissue. 

LllCke am Parpart (52) used a photoelectric method to stmy tm 

permeability- of cancer cells am mouse red blood cells to various 

compounds. .A beam of light, of constant intensity, was passed ~ ... we, 
a chamber conta1n1~ the cellular suspension. The light impinged up­

on a photronic cell, am the current from the cell was picked up by 

a Kipp torsion string galvanometer. It was found that the amount or 

light passing through the suspension decreased as the cells slu:Qnk. 

In turn, the galvanometer current decreased and a downward deflection 

was recorded. The reverse occurred when the cells swelled. 

The rate of entry- into tumor cells was found to be fastest for 

eteylene glycol and slowest far ery'thritol with die~lene glycol, 

trie~lene glycol, am glycerol intermediate, in that order. The 

same order was fow:n to be true far D1011Se red blood cells, but the 

relative rates of entry- were observed to be much faster than far 

tumor cells. It was further noted that both were relative~ imperme­

able to sodium chloride. The tillle required far tumor cells in glycer­

ol to reach m:inimum volune was 15 secords as compared to 1 second far 

red blood cells. The time required far the cells to reach one-half 

equilibrillDl TOlUIIE in glycerol was 210 am 7 seconds far t'UDlar cells 

am red blood cells, respectively. 

Lovelock (48) used 10-5 M copper sulfate solution in combination 

with glycerol to prove the entry of glycerol into red blood cells. 

The entry- of g~erol was prevented by washing the cells in o. 9 per 
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cent sodium chloride solution containing 10-5 M copper sulf'ate. This 

concentration of copper sulfate was also 'IJSed in the suspeming media 

far freezing the cell.a. The sample was di'f'id.ed am one-half frozen 

immediately am the remaining portion kept at 4o0o. far 20 llinutes. 

This allowed the glycerol to permeate the cell in spite of the copper 

ions. In these experiments it was founi that ten minutes at 40°0. was 

sut".ticient time for glycerol to enter the cell even in the presence of 

copper. At lower temperatures, when copper was present, a consider­

ably longer equilibration time was necessary- to preTent hemo~is. At 

temperatures below o0c., it was fomn that in the presence of copper 

the cells are impermeable to glycerol. From these results, it was 

s13ggested that glycerol would protect the cell onq when allOlied to 

enter the cell am that cells impermeable to glycerol would not sur­

vive the freez~ am~ process. 

From this and other work (50), Lovelock postulates that the pro­

tective action afforded by glycerol is one of "salt buffering". It is 

well known that when a solution freezes, ice separates as a pure sub­

stance, thus allowing the dissolved and solid substances to concen­

trate in channels of fluid between the ice crystals. Therefore, 

Lovelock states that the salts are concentrated around the cells, in 

some cases nearly ten times as high as normal, and the cell would be 

killed by excess salinity before ice crystals could be famed in sur­

f icient number to cause death. In view of this evidence, he states, 

"living cells can enjoy the protection offered by' neutral solutes only 

when permeated by them. There is no benefit in preventing the salt 
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concentration of the medium outside unless the :medi'IJJII. inside is also 

checked." This suggests that the internal KCL concentration is as 

important as the external NaCl in causing damage. 

In red blood cells, the greatest amount of the destructive action 

occurs between -3<>c. and -4o0c., which has been shown to correspom 

to the region in which the cell is exposed to the greatest salt con­

centration, am that a 2.5 M concentration of glycerol will eliminate 

this critical area (48'). 

In 1940, Lu;ret am Gebenio (53) published a treatise concerning 

injury am death by low temperatm-e. At that tille, sone nine years 

before the :protective action of g:cycerol was discovered, no mention 

was made of increased salt concentration. In a more recent pablica­

tion (54), chick embryo heart slices, frozen in the presence at gly­

cerol, were fown to be ri.able after freezing am thawing. Actual 

observations made while freezing was proceeding showed that ice arys­

tal formation was retarded greatly as compared to the untreated con­

trols. From these results, the protective action of g:cycerol was 

thought to be exerted by draining water from the tissues or by im­

pregnating them, increas~ the solute concentration and exerting a 

biming action on the water, thus preventing crystal formation. Easy 

penetration into the tissue to be frozen was listed as one of the 

properties of g:cycerol necessary to protect the cells. 

In another study (55), using the same type of tissue, 100, 60, 

and 30 per cent g~erol were all foum to be effective in protecting 

the chick embryo heart slices. It was fo,md that an equilibration 
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time of 15 secoms was as effective as four minutes. 

Taylor ( 98) has frozen rat am lllQWle skin in tm presence of gly­

cerol am f ouo:l that protective treatments reduced the amount of ice 

farmed in the frozen tissue. In this work, phase microscope stw.ies 

suggested that glycerol may- enter tm cells am its action to be one 

of dehydration. 

Lovelock ( 49) has devised a methcxi of calculating the amount of 

solute necessary to protect cells during freezing am thawing. Of the 

compowns med, it was found that the theoretical am actual f~es 

were closer far glycerol than for an;r of the other substances studied. 

Several substances were tested, including methanol, farmamide, ethanol, 

acetamide, ethy'lene glycol, propylene glycol, glycerol, dieteylene 

glycol, eryt:tn-itol, monoacetin, D-xylose, trieteylene glycol, glucose, 

sucrose, and pclyeteylene gly'Col. It was f ourn that far compounds 

which readil;r penetrated the cell, ten minutes at 20°c. was a suffici­

ent equilibration time. However, solutes which crossed the cell DEm­

brane more slowl;r required one hour at 37°c. 

The poorl;r penetrating substances were erythritol, xy-lose, am 

glucose, and it was observed that siJCrose am polyetqlene gly'Col did 

not enter the cells. Only three of the canpouo:ls used gave complete 

protection at all temperatures. They were glycerol, eth;rlene gl;rcol, 

am dietby"lene gly'Col. It was conclmed that weight concentration of 

material required to pratect the cell was in proportion to the molec­

ular weight of the compoum being tested. 

Smith (93) investigated suspension fluids for freezing rabbit 
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ovarian granulosa cells. It was fomri that cells frozen slowly in 15 

per cent glycerol and rabbit seram showed the best survival. It was 

thought that 15 per cent glycerol might protect the cells by partial 

dehydration due to osmotic withdrawal of the water. 

LU19t (56), in study:iJJg the protective action of glucose and 

sodium chloride, concluded that their protective action was due to 

de}Vdration. The concentrations which afforded maximum protection 

dlIL'"ing freezing and thawing were 1.5 M glucose and 1.0 M socli1Jlll 

chloride. At these concentrations, both exert the smae osmotic pres-

sure • 

.Although more attention has been given to the freezing of bull 

spermatozoa am red blood cells, maey types of tissues have been 

frozen. Smith, in a review (94), bas pointed out Tarious tissues 

which have been frozen and thawed vi.th SOE success: rabbit eggs, 

testicular tissue, adrenalcortex, anterior pituitary am ovarian tis-

sue. 

It has been pointed out by Smith ( 94) that bull spermatozoa mnst 

be cooled slowly when be~ frozen because they- are sensitive to cold 

shock between +37°c. am o0c. am to thermal shock between o0c. and 

-79°C. The most critical stage has been found tG be between o0c. and 

-15°c. 

When Polge, et al. (79) diseOYered that glycerol would protect 

fowl spermatozoa during freezing and thawing, they also found that the 

glycerol nmst be reaoved be.tare fertilization could occur. In a later 

stud.7 (78) with bull spermatozoa it was fomrl that glycerol did not 
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interfere with fertilization. In fact, s011113 of the evidence suggested 

that fertilizing power might be enhanced by the addition of glycerol. 

Polge (76), in a discesion of low temperature preservation of 

spermatozoa, imicated that sane mechanism simiJar to "salt buffering" 

ot red blood cells may acco,mt far the protective action or glycerol 

in bull spermatozoa. He further states that "it is e'Yi.dent, also, 

that glycerol JRU8t enter the cell in order to exert its protective 

action during freezing, as is shown by the necessity of equilibrati:ag 

bull semen with the glycerol diluent. In this respect, the species 

variation that we haTe fo-mn in the resistance or spermatozoa in 

gly'Cerol-contain:fng media, might reflect some differences in their 

perneability. 11 The variation in speraatozoa may- imicate fundamental 

differences in their permeabilitr to glycerol, resistance to increas­

ing salt concentration, osmotic shock, and temperature shock. It has 

been pointed out by Lovelock (51) that there is a rather pronoanced 

difference in entr,y rate of glycerol in red blood cells of different 

species. 

li!ndrikse, et al. (41), in their imestigation with. bull sperma­

tozoa, foand that glycerol exerts a considerable osmotic effect am 

lowers the freezing point. It was suggested that the osmotic activi­

ties of glycerol might prorlde an explanation far the protective am 

injurious activities found when freezing semen. 

When glycerol solutions are added to the mixture to be frozen, 

heat is released due to orientation of the 1m,polarized, bipolar water 

molecules around the glycerol. This orientation might explain the 
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med far equilibration. It was further noted that equilibration time 

could be shortened to about four hours by using a sti?Ting apparatus 

to facilitate the~ of glycerol in this solution. 

Bunge am Sherman (13) have found that ten per cent glycerol was 

optimal for freezing human spermatozoa and that no other addition was 

necessary. These workers (88) have also observed that glycerol, or 

the freezing and thawi~ process, had no adverse effects on the sper­

matozoal proteins staimd with seven oxidation-reduction potential 

dyes at pH four through ten. 

Sherman (87), working with human spermatozoa, found that a pre­

tl-eatment of five minutes was just as effective as a JO minute equi­

libration time. He concluded that no more than 25 seconds exposure 

of human spermatozoa to glycerol was necessary to protect the cells 

from death during freezing am thawing, regard.less of the site or 

mode of glycerol action. 

Autaradiography 

.Autaradiograph;y is a method far detecting radioisotopes, based 

on their ability to affect silver braaide crystals of photographic 

emulsions. These crystals act as micro-detectors of radiation and 

are useful in localizing a radioactive substance in a body or tissue, 

and in some cases, single cells where a Geiger counter would fail. Es­

sentially, an autoradiogram is obtained by placing a radioactive tis­

sue in contact with a photographic emulsion, allowing sufficient time 

for exposure, and then developing as 1n ordinary photograph;y. The re-
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sulting pict'Ul'e (autoradiogram) consists of acc-mnul.ations of black 

silver halide granules overlying the areas in the tissue specimen 

which c011tains the radioactive material ( 9). As with other methods 

involving the use of radioisotopes, it mast be assumd that the chem­

ical behavior of a labeled substance is identical to that of the same 

nm-radioactive substance. ThmJ the amount of radioactivity- 'llSed 

must be small enough not to cause aey reactions that the unlabeled 

substance would not also produce (35). 

Photographic emlsions, in general, consist of silver lromide 

crystals or "grains" ellbedded in gelatin, the bromide concentration 

am mean diameter varying with the different types of emulsions. The 

photographic nechanism, in the case of radioactive emissions, is sim­

ilar to that far radiant energy. White ~ht causes an excitation 

am release of electrons from SOD:? of the bramide ions. These elec­

trons are trapped within the crystals am silver ions are attracted 

to these points, resulting in the deposition of photolytic silver. 

The deTelaper, a reducing sllbstance, converts silver ions to metallic 

silver, which then precipitates, making the crystals visible as black 

granules. Whan a radioactive particle passes through a grain it will, 

by direct collisions, release orbital electrons which lldgrate to the 

sensitivity- specks. The efficiency of the release of these electrons 

will depem upon the energy ot the particle ( 35). A cert.a:in nmaber 

of grains is always developed due to chemical imperfections, cosmic 

radiation, exposure to light during manufacture, am hardling of the 

emulsion in the dark room (17). 
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In 1946, Belanger and Leblond (4) were the first to develop a 

metlilod far obtaining autoradiograms of histological sections by spread 

ing the photographic emulsion OTer them. Bqley- (3), in 1947, pointed 

out that the procedure was hardly- applicable far sil!lgle cells, mitil 

better emulsions were made available. In 1947, MullirJs (69) was one 

of the first to apply- the procedure to the stmy- of single cells. In 

1951, Eidinoff, _!! !!• (20) uaed the method to study- tritim in yeast. 

Also in 19$1 King, et!!• (46) used track autoradiograpey to localize 

P32 in Paramecia caudatum. 

Gross, et al. (35) pointed out that long-liTed isotopes, such as 

the 5500 year half-life clh, must contain m.a.ny more at01m3 of isotope 

per millicurie than the short-lived eleamts, am tberetare cannot be 

prepared carrier free. As a result, these radioelements are often 

less suitable far tracer experiments. However, in the past few years, 

more and more labeled compour:ds have become available, which tems to 

render them 'VC'Y' U8eful in autoradiographic stmies, especial:cy- c14. 

The max1mn emulsion range far this isotope is but a few llicrom and 

thus the possibility- of diffusion is reduced. 

Blooa, !1 al. (8) injected 75-150 uc. of c14 as Bac14o
3 

am. 

NaHC14o
3 

to st1Jd1' carbon 14 deposition 1n bone and obtained good 

autoradiograms. 

MacDonald, et al. (57), in 1948, were perhaps the first to ue 

c14 far autoradiograms in wbich the method allowed the experilenter 

i.D:iepem.ence in staining am de-relopi.Dg. Liver slices from a rabbit, 

starved for 48 boars, -were incubated two hours _!a vitro with 
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NaHc14o3, in presence of a pyro:vate substrate. They used Type M strip­

ping fillll, a 10 u. emulsion with a 7 u. base. The tissue section vas 

mounted on a glass slide am the stripping fillll cemented, base 13i.de 

down, onto the tissue. The emulsion was cOYered with a guard slide 

and the samwich wrapped with Scotch tape. After 25 days exposure, 

the slides were developed. The film am tiss'US slice were then re­

moved. together am the elltllsion side ceDented down. This allowed the 

section to be e:xpOBed for staining. 

In 1948, Armetro~, et al. (2) attempted to determine the locali­

zation of c14 in rats after intraperitoneal injections of NaBU14o
3 

or 

peritoneal cavity illplantation of Caclho3. For preparation of the 

autorad.iographs, the •terial to be studied was dried and grOtlnd on a 

fine grain carborundum stone. Then it was placed in direct contact 

vi.th Eastman Ho-Screen X-rrq Fila am exposed in the dark for two 

weeks. It was shown that a significant amount of clh was foam. in 

g~arol as well as in Jal\T other ccapomds and structures. 

Boyd, et ,!l.. (11) made autorad.iograms of cl.4 incorporated into 

individul bloeci cells. These workers injected g~ine-cl.4 into rats 

and after 25 hoars witbirew blood from the tail "Tein. The blood was 

diluted with seram prepared from dog blood, then neared directly on 

Eastman NTB e111WSion. The nears wm-e dried in air am fixed in 

meth;rl alcohol. Tbe blood nears were diluted to insure well defined 

autoradiogr&JII!. The 11TB plates were exposed 67 dAJS, then de?eloped 

in Eastman Kodak D-19 de'Yeloper. It was fcnmi that excessin deftlop­

ing tbe results in a loss of' cellular detail. 
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Boyd and Levi (10) have studied the localization o£ glycine-cl.4 

in liver sections o£ the rat. In these experiments, NTB emulsion, 25 

and 100 u. thickness on glass plates, was employed. This particular 

emulsion is rather sensitive and excellent for recording beta tracks 

such as those given off by c14. These workers used water to float 

the tissue sections onto the plates. Partial drying was carried out 

prior to storage of the plates in black plastic slide boxes and sever­

al grams of Cac1
2 

were placed in each box to maintain a low humidity. 

The plates were exposed far 10 days, developed in Eastman D-19 devel­

oper far 20 minutes, and then fixed in JO per cent eypo at 20°c. 

In 1950, Boyd,~_!!. (12) employed a technique for studying the 

incorporation o£ glycine-cl.4 into in:lividual red blood cells using 

Eastman Kodak NTB Experimental Plates w:l. th a 6 u. emulsion. These 

workers diluted oxalated blood with fresh, clear serum to obtain the 

desired cellular concentration. In the dark roam, a drop o£ the cell 

suspension was placed directly on the emulsion and smeared by pushing 

forward a clean glass slide. By holding the smearing slide at an 

angle o£ 20°, the cell suspension was pulled along behind it. The 

smears were dried in air, fixed by flooding the plates with meth;yl 

alcohol far two minutes and then the plates were allowed to air dry 

again. After storage in a light-tight box, in the presence of a des­

iccant far 67 days, the slides were developed in Eastman Kodak D-19 

for two minutes at 20°c., rinsed in tap water one-half minute, then 

fixed in 10 per cent sodium thiosulfate until clear. Following wash­

ing far 20-30 minutes, the slides were again air dried. 
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These workers found the photographic-fixing step to be the most 

critical in the technique. It was further noted that NTB plates with 

a 6 u. emulsion appeared to be the most sensitive to beta particles 

for its grain size. 

Skipper, et al. ( 90) studied the hazard involved in the use of 

c:Ll+ by autoradiographing bones of mice having received intraperitoneal 

injections of 18 uc. of NaHc14o3 (2.5 ~- per mouse). The animals 

were injected, then sacrificed at various tines to determine c:Ll+ re­

tention. The prepared bones were clamped to Eastman No-Screen X-ray 

Film and exposed from 30 days to 5 months. The autoradiographic 

assessments were made gravimetrically and the approximate total c:Ll+ 

content of the various organs, tissues, and bones detennined. These 

data, when totaled, provided information with regard to the total 

radioactivity in the animal and the per cent of the total injected 

dose retained after a specific t:iioo. 

Greulich and Leblond (34), in a similar experinent, injected 20-

40 uc. of c14 labeled bicarbonate into 12-hour old rats. Sites of de­

position of the c14 were determined by autorad.iography. These workers 

employed the "coating" method (9), with two types of melted photo­

graphic emulsion: 1) Ansco "Radiographic Enrulsion A", and 2) East-

man Kodak NTB3 Emulsion. The Ansco emulsion is very sensitive, but 

coarse grained, am must be used immediately upon receipt; whereas 

the Eastman NI.'133 Emulsion is less sensitive, but fine grained, an:l is 

obtained in pellicles. This makes it necessary to soak the emulsion 

in a one per cent aqueous solution of "dupanol11 (ethyl laurate) for 
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24 hours before malting at 37°0. The coated autorad.iograpbs were ex­

posed in the dark at -11°0. far eight to ten months. ·Following ex­

posure, routine developing techniques were used. The tissues were 

then stained with an acid hematox;ylin solution and comter-stained with 

eosin. Autoradiograms were made of cerebra, saliTary- glands, fi11"8, 

skin, spleen, lll'inary bladder, pancreas, variow, regions at the stom­

ach, liTitr, lung, duodemm, teyrcrl.d, kidney, heart, testis, teymus, 

uterus and adrenals. Exa:mina+.ion of these autoradiogrw showed that 

all organs and tissues at the body stmied contained nbatances fcrmed 

from the labeled bicarbonate. Thus they conclmed that carbon dioxide 

may- be used far organic synthesis by animal tissues. Saae at the 

carbon dioxide produced. JIIUISt be reused in formation of prodw:ts of the 

Krebs Cycle, which may enter into the synthesis of earboh1d,rates and 

prQteins. 

In 19$4, LeTi (47) obtained beta track autoradiographs ot yeast 

and algae. The labeled cells were washed in inactiTe nutrient solu­

tion at the saae COJIPOSition in which they- had been grown. Ilfard 

G-5 emulsion was ued. It was obtained as a gel and was :melted by 

beating in a water bath at 43°c. tar ten llinutes. When the emnlsion 

was liquefied, the cell napension was added with a micropipette. The 

emulsion containing the cells was poared on the prepared slides. The 

slides were kept at 400C. cm a level table which vas heated by a 

stream. at nrm water. This allowed the emulsion to spread evenly- to 

a uni.fora thick:nl!lsa. The temperature of the table was changed to 

15°c. by replacing the wam water with cold, thta.s allowing the emulsion 
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to harden. By lJSing this :method, Levi fomxi that the cells were well 

preserved after embedding and processing. Autoradiograms of Scenedes­

!!!!. algae, labeled with cl4 am rlewed at 900x, showed macy well­

defined tracks. · It was concluded that this method was "Yer.T good far 

studying low energy beta tt-ack emissions. One disadvantage of this 

emulsion is that it remaim sensitive to low energy particles far 

only about two to three weeks. 

After autoradiograms bfle been prepared, tbe problem of eTalua­

tion arises. The •thod used far naluation will depem upon auto­

radiogr~hic techniques, type of 8JIIJl.sior>., and energy of the isotope. 

There are three quantitative ll8thods far deter.mination of radioiso­

topes in an autaradiogram: 1) densitometric evaluation of rand.ca grain 

autaradiograms, 2) grain coanting, 3) track coanting (47). 

Skipper, et !1• (89) injected 4.0 and 100 uc. per mouse, of cl.4 

labeled sodiUlll farmate. Blood was collected. from the heart and the 

blood cells were washed twice with inactive heparinized mouae plasma 

to remove active sera. The cells were then diluted (5:1) in inactive 

llOWle plasma and spread directly on Eastman NTB plates, emtl.sion 

thickness 10 u. It was foun::l that after an expoaure of six weeks very 

faint autoradiograms were obtained from cells of 11:i.ce injected with 

4.0 uc. Hmaever, the eel.us from m:1.ce injected with 100 uc. produced 

good autoradiograms in one wek am two weeks exponre was found to 

be too lo.ng. The developed autaradiograms were examined by" a tech­

nique which entailed coanting the silver grains imediately surramn­

ing the i.Diividual cell am comparing with the backgromn. An eye-



36 

piece reticle which divided the field into 10 u. squares at a magni­

fication of 970x was placed in the microscope. The grains in these 

squares were counted am an average taken. A comtt was taken from an 

area where no cells were seen and subtracted from a count obtained 

frcn an area including cells to determine the amount around each in­

dividual cell. 

Mazia, et al. (63) employed an autoradiographic technique which 

gave high resolution autoradiograms of Amoeba proteus labeled with 

adenine-cl.4. A stripping film technique, using Kodalith Ortho Film 

and processed w1 th Kodalith Fine Line Developer, which allowed quan­

titative densitometric measurements of the autoradiograms, was used 

to determine relative amounts of activity in the different areas. 

Andresen, et al. (1) have also studied the metabolism of cl.4 in 

Amoebae by a stripping film method. Their method allowed quantitative 

counting of the nwaber of developed photographic grains per unit area 

in a strip through the length of the section. 

In ad.di tion to the above mentioned techniques, Schoolar, et al. 

(86) have devised a method for quantitative deteminations of radio­

activity in cormection with autoradiograms. Carbon 14 labeled 

Isoniazid was given intraperitoneally to adult cats in an attempt to 

localize the compound am/or its metabolites in brain tissues. Direct 

counting of various parts of the brain gave disintegrations per minute 

of dry -weight tissue. The autoradiograms were made on Kodak No-Screen 

X-ray Film am exposed 30 days at -26°c. By using the two methods in 

combination, these authors were able to localize cl.4 in the various 
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structures of the brain. 

Walters and Thaine (101) have used Ilf ord G-5 nuclear track emul­

sion to obtain high resolution autoradiograms with c14. By shielding 

out cosmic radiation with a four inch lead shield, they were able to 

pick up extremely small concentrations of c14, which would allow 

quantitative beta track counting. 

Risley ( 82) has obtained autoradiograms of hamster spermatozoa 

using intact anilllals injected with 60-120 uc. of H3P32o4• Good re­

sults were obtained with epididymal spermatozoa by suspending them in 

Tyrode•s solution and pipetting the cells directly on Eastman DEdium 

lantern slide plates. It was found that 56 to 60 days were required 

to obtain good results umer the con:iitions of this study. 

Bishop (5) stu:iied localization of p32 in the bull sperm cell 

using an autoradiographic technique. In this stu:iy the cells were 

placed in contact with Eastman NTB plates for the desired exposure 

time. It was found that the posterior portion of the head am the 

mid-piece appeared to be the areas of the cell which accumulated the 

greatest proportion of the isotope. 



MATERIALS AND METHODS 

Semen Collection 

Bull semen was collected by means of an artificial vagina from 

healtey bulls maintained as part of the University of Missouri Agri­

cultural EJQ?eriment Station Dairy Herd. The semen collection tube was 

placed i.lmoodiately in a thermos bottle containing water at a tempera­

ture of 15°c. for transport to the laboratory, where motility ratings 

were :made using a o-5 scale, with five as excellent am zero as im­

motile (42). No senen samples rating less than a four motility were 

used. In soma cases a(+) or(-) was used to imicate minor differ­

ences between samples. 

Manometry 

Procedure far Washing Spermatozoa: 

The spermatozoa were washed, to remove the seminal plasma, by­

the addition of either calciwn-tree Krebs-Ringer phosphate (KRP) or 

calcium-free Krebs-Ringer bicarbonate (KRC), deperxling upon which was 

used as a suspension medium during the experiment. The whole semen 

was suspemed in 167.00 per cent of its or1ginal volwae, mixed 

thoroaghly and centrifuged far ten mirmtes at 2000 rpm (100 rpm•JOx 

gravity). The sam volume of material that ha::l been added was re­

DlOV'ed. Extreme care was taken not to disturb the loosely packed 

cells. Following the removal of the desired quantity of supernatant, 

the cells were resuspended by- gently drawing them up and down in a 
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small bore pipette. Sperm cell concentration far each washed suspen­

sion was detel'Dined by the hemocytoneter method (42). When the semen 

was not used iJmlediately- after motility ratings were made, the test 

tube was placed in a 500 ml. beaker tln-ee-fourths full of water, and 

stored in the refrigerator. Thtut the water cooled slowly, preventing 

cold shock to the spermatozoa. Inned1ately after centrifugation and 

washing, o.5 ml. of the semen was pipetted into the reaction vessels 

with a long-tip pipette. 

Mancnetric Technique: 

The nsanomatric measurements were made at 38°c. in a rectangular 

Canstant Volume Warburg Respirometer accomoda~ 14 reaction flasks 

per experimental run and adjusted to a shaking speed of 110 strokes 

per minute. The flasks of 15-18 ml. capacity were mercury calibrated 

by the technique suggested by Umbreit ~ !_!. (100). 

Each series of experiments were anaerobic. Gassing was accom­

plished by using a water vac'U'QJI pmnp am. manifold gassing ar.rangement. 

The reaction flaskS am manometers were alternately filled with the 

gas am. evacuated, a min:iJmml of ten times, to assure replacement of 

the air. The last six e:x:perinlents were gassed by the tecbnique out­

lined by Hawk, Oser, and Summerson far anaerobic ex;perillents (40). 

After attaching the vessels to the manomaters, a stream of nitrogen 

gas ( water pumped) was passed through the vessels for 30 minutes. 

Every five minutes the mannmeter fluid (Brodie• s solution) was run up 

and down to diBplace any air that might be in the manometer capillary. 
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The types of gases used in the course of the experiments were a 

95.0 per cent nitrogen and 5.0 per cent carbon dioxide mixture and a 

100.00 per cent nitrogen gas. 

The stock solutions for KRP am KRC used in the experiments were 

prepared as follows: 

NaCl 

KCl 

Phosphate Buffer 

Na
2

HPo
4
• 2H

2
o 

HCl 1 N 

4.50 g. 

5.75 g. 

10.55 g. 

19.10 g. 

17.80 g. 

20.00 ml. 

Dis tilled water to one 11 ter 

Bicarbonate Buffer 

NaHC03 1.30 g. per 100 ml. 

Gassed for one hour with carbon dioxide 

The first four compoums were placed in separate 100 ml. flasks 

and water (redistilled over glass) was added to make 100 ml. Made up 

in tb!se concentrations, they could be stored for several weeks in 

the refrigerator. 

Prior to each experiment, 100 parts of NaCl stock solution, four 

parts KCl, one part KH2Po4 and one part Mgso4•7!½0 were pipetted into 

a 500 ml. flask. To this m:ixt-ure was added 218.00 ml. of distilled 

water. If KRP were desired, 25 ml. of the phosphate buffer were added 
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to 225 ml. of the faregoing mixtlll'8. If KRC were desired, 40 ml. of 

the carbonate buffer was added to 210 ml. of the m:ixttn-e. 

When tbe final solution was prepared., it was gassed for ten min­

utes with the appropriate gas far that experiment. 

Radioactive fructose used in the experiments was obtained as 

D (-) fructoee-c:14 ( ,miformly labeled) from Volic Radio-Chellical Com­

pany-. Total activity per shiJUent was .50 uc. contained in 0.78.5 mg. 

Dilutions far the expe:rimmt were made by adding enough non-radioac­

tiTe fructose to giTe a final weight of 0.3 grams. This was dissolved 

in sufficient distilled water to make a final vol11118 of two ml. Two­

tenths ml. of this solution was uaed per .flask, thus giving a final 

concentration of one per cent fructose containing 2..5 uc. of radio­

activit,-. 

The rate of anaerobic glycolysis was :measured by- carbon dioxide 

production from the substrate vith KRP as the buffer. 

The Tarious l.e,rels of glycerol to be studied were dissolved in 

the appropt'iate buffer (KRP or KRC) aDi placed in the reaction Tessel 

side-arms aftet" the semn had been added to the buffer in the flask 

proper. 

In the experiments wmre it was desired to trap the carbon diox­

ide, 0.2 ml. of 20 per cent potassium eydroxide was added to the cen­

ter 1191l of the Warburg flask. A folded .filter paper strip was placed 

in each well to · increase surface area. In the flasks which served as 

controls, a 0.2 ml. solution of buffer was added t<> the center well, 

thus giving an equal volume in all flasks. 



After placing the flasks in the J8oC. bath they were allowed to 

equilibrate far five minutes. Following equilibration, readings were 

taken every 5 minntes far JO mimltes to establish a base. The side­

arms were then tipped aDi readings taken at 5 Jli.mtte intervals far 

75 minutes. 

At the end at the experimental ran, motility- was obsened on each 

flask in Series II am. III. Imm9diately after motility- ratings were 

made, per cerrt live spermatozoa was determiDed b;r the technique recom­

memed by Herman am Madden ( 42). 

In tbe remaining series, pH determinations were made with a 

Beckman pH meter (Model 0) mri notility was checked on four ramom 

samples to determine if there were live cells far the duration of the 

experment. 

Samples far ra41Mctirl't7 assay were pipetted, using a long-tip 

pipette am a ten ml. syringe, into 2.5 cm. diameter C'D,PPed stainless 

steel plamhets. These samples were dried by intra-red beat lamps po­

sitioned at a suf'ficient distance to prevent formation of uneven sur­

faces or charrilg of the samples. After removal of the filter paper 

from. the center well, the reaction vessel was rinsed out with dis­

tilled water, which was also added to the planchet far drying • 
. . 

The potassium }Vtiroxide filter paper was washed with f1'f'8 ml. of 

satvated. barium }vdroxide. The wash was pipetted into a planchet far 

drying. 

The dried samples were assayed with a Model K-3 N. Wood gas flow 

counter coaxially connected to a 'l'racerlab 64 Scaler (Fig. 1). The 



Figure 1. Tracer lab 6,4 Scaler am K• 3 N. Wood Gas flow coanter, 
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gas used in the counter consisted of 99.05 per cent helium and 0.95 

per cent isobutane. 

Autoradiography-

Cleaning and Preparation of Slides: 

One b:r three inch frosted-end glass slides were washed far two 

hours in potassia dichromate cleaning solution. The slides were then 

rinsed in d:iJJtilled water seTeral times am given a final rinse in 

water red.istilled OYer glass and the slides allowed to air dry. 

Further preparation of the slides included the addition of sane 

type of adhesiw that would prevent the dried eJIUlsion from washing 

off dving the developing am washing process. 

It can be seen from Table I that several types of adhesive wre 

used, but the most effective was that used in experiments VI am VII. 

The cam,position of this adhesive is given below: 

5.0 grams photographic gelatin 

o. 5 grams chrome alum 

distilled water to 1000 ml. final Tolume 

The gelatin was dissolft<i in 200 ml. of warm water am added to 

800 ml. of chrome alum solution. The slides 'W8l'9 held by the frosted 

eDi an:i dipped quick.q into am out of this solution. If' th3 slides 

are dipped slow:!¥ ar the solution is agitated, bubbles tem to adhere 

to the slide, giTirJg an unnen coating. After dipping, th3 slides 

were placed on ch3esecloth and allowed to air dry far two hours. 
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When egg albumin or Mayer's egg albmnin was ued as an adhesive, 

a small drop was placed in the center of the slide and spread with the 

finger. As much ot the solution was wiped off as poa sible in the 

process, in an attempt to get a very thin film of adhesive. After the 

adhesive was spread, the slides were allowed to dry in air far JO 

minutes to 1 hour. 

Semen Preparation: 

All solutiomi to be aed were prepared in advance of the seman 

collection. Immediately after motility ratings were made, the semen 

was e.xtemed in the desired ratio (Table I) am allowed to equilibrate 

with the radioactive glycerol. The length at equilibration t1me de­

pended upon the type of extemer used in each experiment. During equi­

libration the semen was maintained at .5°c. in a refrigerator. After 

equilibration, the extemed semen was centrifuged at 1800 to 3000 rJ!ll 

(approximately .540-900x gravity) for ten minutes. As much as possible 

of the supernatant was drawn off without disturb~ the packed cells. 

This was then :measured and an equivalent amount of extemer added con­

taining nm-radioactive glycerol. The spermatozoa were then resus­

pended. 

The radioactive glycerol ued in these eJl:l)eriments was obtained 

from Hu.clear Instrument am Chemical C<rparation, Chicago, Illinois, 

as glycero1-1-clh. The total activity of each sbipmnt was 100 uc. 

Upm receipt, the entire shipamt was diluted to one ml. The desired 

1'lUJllber of microcuries was measured for each experiment with a syringe 
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and micropipette and added directly to the extended semn. The final 

concentration of glycerol, by volume, was supplied from a non-radio­

active source and added inlllediately following the addition of radio­

active glycerol. The tubes were then stoppered. tightly and inverted 

several tines to assure proper mixing. 

Preparation and Addition of Emulsion to Slides: 

A. Stt-ipping fillll and dental plate procedure. 

Sixteen slides were divided into two groups and a very thin 

film o£ egg albumin was spread on the slides in ll'OUP one and allowed 

to dry. Group two was UBed without an.r pretreabnent. One drop of ex­

tended senen was placed on the slide near th! frosted em. One end of 

a clean glass slide, held at an angle of about 20° between the two 

slides, was pushed back until it came into contact with the drop of 

senen. The slide was then pulled forward, spreading the cells (9). 

This procedUl"e far spreading the cells was used far all experiments 

except VI and VII, in which case the cells were mixed with the emnl­

sion before spreading. The slides were then allowed to air dry for 

appro:ximatefy" one hour. The slides were taken to the dark room and 

groups one and two were again divided into equal groups. One-half of 

each group was covered with Kodak Autoradiographic Permeable Base 

Stl'ippillg Film (Experimental) and the other one-half covered with Ko­

dak Dental X-ray Fi.lJn (DF-58). The film was held to the slides by 

placing another glass slide on top of the film and binding the glass 

slides together with masking tape. 
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B. Handljng and preparation of slide and liquid emulsion. 

The box containing the emulsion was stored in a ref'rigerator 

0 
at 5 c. and 50 per cent humidity. Two hours before the emuJ.Bion was to 

be 11Sed, it was removed from the refrigerator am allowed to came to 

room teir;:>erature. 

When the other preparationa wre camplete, the package containing 

the emulsion was opened in the dark room umer safe light cODditions. 

The jars containing the emnL,ion were placed in a water bath for 45-

60 minutes maintained at 37°c. 

While the ellUlsion was being warmed, the slides to be coated were 

placed on a level hot plate (24" X 4-r•) am held at 37°c. to warm the 

slides prior to painting. 

When the emalsion had reached 37°C. it was mixed by imerting the 

jar several times. After thorough mixing, 20 to 25 ml. of the emul­

sion was poured into a glass receptacle which was sitting in a water 

bath (37°c.). Tm emulsion was taken from this receptacle with an eye 

dropper am two drops of emulsion were placed on each slide. The emul­

sion wa:s spread very gentl.7, but quickly, with a camel's hair brush, 

which had been warmed to 37°0. in a teat tube in the water bath. 

After painting, the slides were returned. to the level hot plate 

am allowed to remain for one to two mimltes, at which time they were 

remOY'ed to another level table and allowed to dry far 3o-60 minute8. 

The ~ deviation from tlrls techniq• was in experuients VI am 

VII. In these experiments, 12-1.6 ml. of the warmed emnlsion was 



poured into the test tube containing the extended spermatozoa. The 

spermatozoa and the emulsion mixture were then tram.f'eITed to the 

glass receptacle in the 37°c. water bath prior to spreading OD the 

slides. 

Storage during Exposure: 
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When the emulsion-cO'Vered slides had dried the desired length of 

time, the slides were stored in a light-tight, 100 slide capacity 

black plastic slide box. A smll box (l¾" X 5-¼" X 3/4") was filled 

with calcium chloride and taped inside the slide box conta1Ding the 

slides, to keep the hmddity constant. The slide box was then sealed 

with black Scotch tape and wrapped in aluminum foil to prevent entry 

of light and moisture. Exposure was carried out in a refrigerator at 

o-2°c. When the desired exposure time was reached, the slide box was 

reJDOYed and allowed to reach roCllll temperature before being transported 

to the dark room for develo:flDBnt ( 9) • 

Developing Procedure: 

In experiloont I, when Kodak Liquid X-ray Developer and Replen:ush­

er and Kodak Fimr Solution A plua Kodak Hardener Solution B were 

used, the slides were developed in solutions previo1JSly prepared and 

used for X-ray de"Yeloping. In all other experiments, two liter stain­

less steel buckets were used far develophg and fi.JdlJg. In DO case 

were aey- solutions med mare than once. The Kodak D-19 was prepared 

one gallon at a time and 1JSed as needed. Fresh developer was not pre­

pared until needed or until a color cba!Jge or sediment occurred in the 



developer. The fixer was prepared one liter at a time and a fresh 

solution was prepared far each group of slides. 
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The washing tank (9 3/4" X 1.5" X 18") was :maintained at a temper­

ature of 20°c. and the water changed ten times per hour. ~ buckets 

containing the developer and fixer were allowed to float in the wash­

ing tank until they had reached a tempera'bJre of 200C. The buckets 

were removed and the slides developed tar the prescribed length of 

time in a 20 slide capacity" slide holder (slides 1181'8 vertical during 

developing and fixing), washed far ten minutes in the water bath, 

and fixsd far twice the t:ilne required far clear~. After fixing, the 

slides were washed the desired length of tillle in the washing tank. 

Following washllg, they were spread on a table to dry. Prior to mi­

croscopic examination, the slides were stored in a light-tight calci\lJll 

chloride desiccator. 

Staining Procedure: 

It was fomri that with the three stains med both the emulsion 

and spermatMoa stained, thtl8 a staining proced,noe was used only in 

tbree experi:,nents. The procedures were as follows: 

1. EJCPeriment II. 

Toluidine Blue Method (9) 

a. Stained cne m:imte in one per cent aqueOlJS solution of 

tolu:Mine blue. 

b. Destained in 70 per cent ethyl alcohol. 

c. Deh1'drated rapidly' in two changes of nannal butyl alcohol. 



This staining procedure was employed after the slides had been de­

veloped am dried. 

2. EJq)el"iment IV. 

After the cel.18 bad been spread on the slides am. before the 

emulsion was added, the slides were stained as follows: 

a. Stained tm-ee minutes with three per cent solution of 

eosin B. 

b. Washed five :mimrtes in rmudng distilled water 

3. Experiment V. 

In tb:1.s case, the staining was done before the emulsion was 

painted on the slides. 

a. Stained three mimites in a three per cent solution of 

eosin Y. 
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b. Washed rapidly by dipping several times in distilled water. 



Table I. Conditions of Autoradiographic Experinmts 

• . . : . :Equili-: :Centri-. . . . 
1Number: I Semen: : 1h: bra ti on: : fuga-

Exp.: of . Type of :Dilution: Exten:ler - Per Cent : C : Time : : tion . 
No. :Slides: Emulsion : Ratio :EY:Fructoee:NaCl:Na Cit. :Olz.: uc.: Hrs. : Adhesive :X~:Min. 

I 4 Stripping filln 1:21 20 3 8.00 1.2.5 21 ½ egg albumin 900 10 

4 Stripping film 1:21 0.90 8.00 1.2.5 5 ½ egg albumin 900 10 

4 Dental X-ray 1:21 20 3 8.00 1.2.5 21 ½ egg albumin 900 10 

4 Dental X-r!Z 1:21 0.90 8.00 1.2.5 5 :t egg albumin 900 10 

II 40 wrB 1:22 1.00 0.90 8.00 .5.00 3 Mayerle egs alb. 900 10 

III 20 NTB2 1:22 20 3 a.00 .2 • .so ,4 Mayer's egg alb. 690 10 

20 N'l'B3 1:22 20 3 8.00 2.,0 4 Mav9r's ellll alb. 690 10 

IV 40 NTS2 1:22 20 3 a.oo 5.oo 6 Ma:ver•s e,r,z alb. 900 10 

V 40 NTB 1122 0.90 8.00 .s.oo 9 Mavar•s e1Z2 alb. 900 10 
, 

VI 40 N'l'B 1:10 0.70 0.10 1.64 ,.oo 6 Chrome alum. 690 10 

VII 20 NTB2 1:10 0.35 0.3, 2.28 s.oo 6 Chrane allDll. 540 10 

20 NTB3 1:10 0.35 0.35 2.28 5.00 6 Chrome alum. 5ho 10 

vi. 

i 



Table I. Conditions of Autoradiographic Experinents (continued) 

s s Develol!r . Fixet . washing . . 
Exp.: Stain s sT:une: :Times Ti.me 
No. s Before s After . Type :Min.: Type. :Min.: Min. . 

I Nc:ne Hone Kodak liquid X-ray developer 2 Kodak Fi.mr Solution A + 4 30 
an::l replenisher Kodak Hardener Sol .ution B 

Nate None " " " 2 " " n 4 30 

None None " " " 2 " " " 4 30 

Ncme None It " " 2 It " II 4 30 

II None Toluid:ine blue D-19 2 Kodak Fixer Solution A + 4 15 
Jtodak Hardener Solution B 
Kodak Fixer Solution A + 4 30 

III None None D-19 2 Kodak Hardener Solution B 

Kodak Fixer Solution A+ 4 30 
llt"t'IA 'tJnT'IA D-19 2 Kodak Hardener Solution B 

JCodak Fixer Sol.ution A + 
IV 3% eosin None D-19 2 Kodak Hardener Solution B 4 30 

Kodak Fixer Sol utlm A + 
V 3% eosin None D-19 2 Kodak Hardener Soluti011 B 4 30 

VI None None D-19 2 Kodak Acid Fixer 3 60 

VII None None D-19 2 Kodak Acid Fi.Dr 3 60 

None None D-19 2 Kodak Acid Fixer 3 60 

\Tl. 

~ 



OBSERVATIONS AND RESULTS 

Manometric: 

The results of the manomtric studies using calcium-free Krebs­

Ringer bicarbonate as a buffer are summarised in Figure 2. AB com­

pared to the controls, sperm cells incubated in a gas phase of 95.o 

per cent nitrogen and 5.0 per cent carbon dioxide showed a depression 

of anaerobic glycolysis in the presence of 5.5 ard 8.3 per cent gly-

carol. 

Under these conditions, an average of 16.0 and 22.0 ul. more 

carbon dioxide was released in the control flasks than in the flasks 

conta1n1ng 5.5 am 8.3 per cent glycerol, respectively-. 

The data presented in F:lgm-e 3 were obtained using the sam gas­

sing proeed\ll'e as that in Figure 2. However, in this case, calcium­

free KRP was used as a buffer instead of KRC am carbon dioxide pro­

duction was Easured. These results indicate that gas production by 

bovine spermatozoa is inhibited by 1.0, 3.3, 5.5, 8.3 and 10.0 per 

cent glycerol when compared to the controls. The :inhibition was not 

directly proportional to the final concentration of glycerol present 

in the flasks. In the flasks containing 8.J am 10.0 per cent glycer­

ol, most of the inhibition occurred between 30 aDi 60 minu.tes; whereas, 

at lower glJ'cerol concentrations less inhibition occui-red in the same 

time interval. 

The addition of 1.0 per cent fructose to the flasks containing 

1.0, 3.3, ar 10.0 per cent glycero+ cau.,ed an immediate and marked 
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stimulation of gas production. 'When compared with control flasks 

containing either glycerol or fructose, the greatest degree of st:unu­

lation was shown by flasks containing 1. O per cent fructose plus 

10.0 per cent glycerol followed by- those containing fructose plus 1.0 

per cent am then 3. 3 per cent glycerol. 

After 105 minutes incubation, motility am per cent alive de­

terminations were made on each flask represented in Figure 3. The 

data taken from this study- are presented in Figure 4. The results of 

the motility studies show that in all flaslm containing g:qcerol 

without fructose, motility was lower than in the carresponcUng gly-­

cerol-fructoae flasks. The most desirable motility rating was ob­

tained from the samples containing one per cent glycerol and one per 

cent fructose. Although there was a decline 1n motility from 1.0 per 

cent glycerol plus :fructose to 3. 3 per cent glycm-ol plus fructose, 

both maintained a higher level of motilit;r than the flasks containing 

fructose alone. 

In the flasks containing mly glycerol no difference in motility 

was noted between 1. 0 per cent am. 3. 3 per cent glycerol, both of 

which maintained J10tilit,. better than the higher glycerol comentra­

tions. 

When per cent alive was compared to motility ratings the general 

tren:i was lllllCh the sane with the most notable exception being that ten 

per cent glycerol :maintained slightly greater livability of the cells 

than 10 per cent glycerol plus fructose, while in motility rating 

there was little ditterence between the substrates. 
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Althovgh there was no difference in the motility ratings between 

1.0 am 3.3 per cent glycerol without fructose, there was a slight 

difference in the per cent alive count. 

The results of pH determinations on the Warburg flask contents 

are presented in Table II. These data in:licate that spermatozoa in 

the presence of fructose am fructose plus 1.0, 3.3, am 10.0 per cent 

glycerol produce larger amounts of acid than either the controls or 

flasks contajning only glycerol as the substrate. It was observed 

that the greatest pH change occurred in the flasks conta:imng 3.3 per 

cent g~erol plus fructose, followed by' 1. 0 per cent glycerol plus 

fructose, :rructose, am 10.0 per cent glycerol plus fructose, in that 

order. 

Table II 

Decrease in pH Produced by Borlne Spermatozoa (1.18 X 107 Cells/Ml..) 

in Varioas Concentrations of G~erol, Fructose, am Glycerol Plus 

Fructose after 105 Minutes Incubation at J8°c. 

Glycerol Glycerol Glycerol + Fructose 
Per Cent Initial ;EH - 7.h4 Initial EH - 7.43 

o.oo -0.60 -0.79 

1.00 -o.60 -o.81 

3.33 -0.64 -o.87 

10.00 -0.60 -0.73 
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When the s~ type of study was carried out using radioactive 

glycerol am radioactive fructose, the flasks containing glycerol 

alom produced a smaller decrease in pH than the flasks containing 

radioactiTe fructose am nm-radioactin glycerol. The results of 

this stmy- are suranarized in Figure 5. The greatest decrease in pH 

was observed. with 3.3 per cent g~erol plus fructose followed by 

10.0 per cent glycerol plus fructose with 1.0 per cent glycerol and 

fructose showing the least change. 

From the sunmary of cl.402 prod"OCtion data as shown in Figure 5, 

it can be seen that the flask containing one per cent glycerol pro­

duced more radioactive carbon dioxide than an;y other concentration, 

with or without non-radioactive fructose. The flask containing 3.3 

per cent glycerol alone produced sl18htly more c14o2 than the rensin­

ing combinations. Ten per cent glycerol, in the absence of fructose, 

produced tm least amount of gas, while 1.0, 3.3, am 10.0 per cent 

glycerol with fructose showed essentially no difi'eremes. 

Autoradiographic: 

Figures 6a am b illustrate two typical photomicrograpbs of bull 

spermatozoa taken from. a slide in 'Mhich the cells had been cOV"ered 

with a thin layer of Eastman Kodak NTB N'UClear Track liquid enm.lsion. 

In this trial the cells were spread on the slide before the emulsion 

was added. Tbs tz-acks were produced by cl.4 contained in g~erol-1-

clh equilibrated with the spermatozoa three boars before being 

placed in contact with the emulsion (Exp. II, Table I). 
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Fipre 6a. Bonne spermatozoa showing a clh beta track in NTB 
emalaion after 17 days exposure. Magnification 1488 x 
(Exp. II, Table I). 

Figure 6b. Bonne apermatosoa shoving a clh beta track in lffB 
eJIDlsion after 17 days eJq)Oeve. Magniticati011 lh88 X 
(Exp. II, Table I). 
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The slide was stained in toluidi.De blue after the autoradiogram 

were developed an:3. processed. De!J1dration of the emil.sion, after 

staining, allowed the pictures to be taken 'Ullder oil immersion. 

In both i.mltances (Fig. 6a and b), the track appeared to have 

originated from the lower portion of the head. However, in Figure 6a 

the track emerged at tbe uppermost part of the nuclear area and was 

recorded along the side of the cell wall. In Figure 6b the tt-ack 

entered the emulaion from the lower part of the nuclear area. In both 

photOlllicrographB tbe track appears to get more diffuse the hrther 

it is removed fr011 the cell. Since the cells were below tbe emlsion, 

the tract was recorded up into the elllD.laion, thus causing the portion 

or the tt-ack furthest from the cell to be out of the focal plane when 

the cell is in focus. 

The track in Figure 6b is c~ from a tailles1 cell. It was 

not \lDCOIIIDOn that during the resuspending of the cells after the 

radioactiTe supernatant is witlxlraw scae of the tails were broken 

off. Under the conditions of this experiment, tails also may have 

separated from the beads diJe to shrinking am swelling of the emul­

sion dving process~. 

Fjgures 7a and b represent i'oar phot<lllicrographs taken fr0111. 

slides in which the spermatozoa were mixed with N'l'B emulsion before 

being spread on the slides. Figure 7b shows tvo sperm cells with 

tracks aria~ from different parts of the cell. The track on the 

left is c~ from the nuclear area of the cell while tba one on the 

right is c0111ing from the mid-piece. The black spots in the tvo 
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F:t&ve 7a., Borlm apel'lllltosoa shMr1Dg elk beta t.Tacks in NTB emulsion 
after 28 dayl .uPOnre.. Map1f1.cation 6b,S. X (EJQ). VI, 
Table I). 

--~ ----~...-...----. .... , __ .__...,... m-:K~~Wlb&::£.:J[J t 

Fig,ule 7b. :ecmne spermatozoa aholdng clh beta t.Tacka in~ emlaion 
after 46 daJB expoemoe. :Macniticat!.oQ 1000 x (Ezp. VI, 
Table I). 



62 

pictures were caused by air bubbles in the emulsion. When the slides 

are being painted with the emulsion, extreme caution must be taken to 

spread the emulsion slow~ and evenly to prevent bllbble formation. 

The photamicrographs in Figm-8 7a are fr0111. the same experlJnent as 

Figure 7b (Exp. VI) bllt at a different eJQ>osure tiE. 

In Figure 7a the track on the left is coming fram the anterior 

portion ar the nuclear area, while in the photcmaicrograph on the 

right the track was recorded from the mid-piece in approximate~ the 

same POl!!lition as the track in Figure 7b. 

The results ot 52 am ll6 days exponre ti.JE of bovine sperma­

tozoa in NTB eml.sion are shown in Figures 8a and b. The clh beta 

trackB from the sperm cells in Figure 8a appear to originate from aP­

proxbnately the same position of the mid-piece. The electrons prob­

ably contained about the sam amount of energy because the length of 

tracks is alJDcet identical. This 1a in contrast to Figure 7b where 

the phot011licrograph on the right shows a Tf!ley' short track originat:iJJg 

frcn the upper region af the mid-piece, 1lhile the left picture shows 

a lo~ beta track coming froa the tail. 

This group of pictures depicts two problems frequently encomit­

erecl in autoradiograpb;y. The light am dark streaks seen in the 1JPl)er 

left are probably du to 'Ul'ltmtn develoi:mant of the slide. This can 

be prevented, in SCID8 cases, by agitation and separaUon of the slides 

during tbe develaping process. Another Pt"Obl.em ia seen in the lower 

right photCllllicrograph, in which the black outlined rough patch result­

ed from peeliDg of the enmlsion. It was probably' loosened during 



Figure Ba .. Bonne spermatozoa shoring a clh beta track in llfB emalsicn 
· after 52 daJ8 exposure. Magnification 645 X (EJQ> .. VI., 

Table I). · 

Figure Sb. Bori:ile spermatomoa 1~ a clh beta track in ffl aulaion 
after 116 days exposure. Magnification 645 X (Exp. VI., 
Table I). 
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processing, or from excessive drying of the emulsion during storage. 

In the previous figures, NTB emulsion, which is the least sensi­

tive of the three NTB types used, has been shown register~ c14 

beta tracks up to ll6 days exposure. Figure 9a illustrates a phot­

micrograph of an autaradiogram of bull spermatozoa eJlbedded in NTB3, 

which is the most sensitive of the three, after an exposure time of 

eight days. It can be seen that the track has been registered from 

a point slightly- below the aid-piece-tail j,mcticm. 

Figure 9b represents a picture of sperm cells embedded in HTB2, 

which is intermediate in sensitirlty. In th1a case the track appears 

as a black line over the tail. This effect was produced by f ocuing 

the microecope to show the sperm cell head more clearly than the tail 

am. beta track. 

Figures loa aDi b show photamicroerapbs taken after 1h days ex­

posure. The track shown in Figure 1oa was registered in IffB3 emul­

sion. In same cases there will be a short blank space in an other­

wise mdf'arm track as is seen in this case. This m:lght possibly be 

explained by failure of the track to record at this point or the sil­

Ter grain not being full.7 developed. 

The beta track in Fig,Jre 10b arises frOlll the tail of the sperma­

tozoa suapended in HTB2 e:malsion. In this figm-e, as well as in 

Figure 9b, the tracks are not as long aa far the NTB3 emulsion at the 

same exposure ti.as. 

The photomicrograpm · in Figure loa am b were taken fra a slide 

where emulsion was apparently not more than 5 u. thick. All of the 



65 

Figure 9a. ionne spermatosoa showing a clh beta track in NTB3 
emulsion after 8 days exposure. Magnification 645 X 
(Exp. vn, Table I). 

Figure 9b. Borine aJ)el'IIQOlloa showing a clh beta track in lft'B2 
(DIU].aion after 8 days exponre. Magnification 645 X 
(Exp. VII, Table I). 
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Figure 10a. Bonne spermatozoa showing a clh beta track in NTB3 

eimlsion after 1h daya exposure. Magnification Qi..5 x 

(EJCP. VII, Table I)~ 

Table lOb. Dorine epeJ"Utozoa showing a C beta track in MTB2 

emlaion after lb da,a ex:ponre. Magnification 6bS x 
(Exp. vn, Table I). 
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cells as well as tracks are in good focus. This is a particular ad­

vantage of a thin emulsion layer. However, when the emulsion is 

spread thin, the tracks may be shorter and not as l1Wl1' recorded if 

parts of the cell are pro-trud~ from the emulsion surf ace. 

The effects of an extended exposure tilae, with the IIOl"e sensitive 

emulsions, are shown in Figures lla am b. Mu.ch more bacqroum fog 

is in eTidence in both the NTB3 ( uwer· figure) aDi HTB2 ( lower 

figure). 

From the results presented in the variou figures, it is obvi­

ous that tracks originate from the head, Jl:id-piece, and tail. As 

woald be e~ted, eJq>osure ti.lie or type of emulsion has little if 

any effect on their arigin. Table III shows the relative percentages 

of beta tracks aris~ from various :regions of glycerolated bovine 

spermatozoa. 

Table III 

Per Cent of c14 Beta Tracks .Associated with the Head, Mid­

piece, am Tail of Olycerolated Bo'rlne Spermatozoa after 

52 Days Exposure with NTB Emulsion 

Site of First 
DeTeloped "0rain" Head Mid-piece Tail 

At cell wall 14.9% 13.1% 8.9% 

2-3 "grainS" from 
14.3% 20.8% cell wall 28.0% 
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F~e lla .. Borim ·sperutosoa ahowi.qr a clh beta track in B'l'B3 
emulaion after 52 da79· exp011ure. Magnification 6k5 I 
(hp. VII, Table I). 

Figure llb. Bovine spe1'118~08 ,bovirag a clh beta track in ?ll'U2 
eaalaion after $2 dayi, exposure. Hagnifieatioa. 6kS I 
(hp. VII, Table I). 



Nine slides were examined microscopically by making eight 

u-aTerses lengthwise of each slide, at 430 magnification am the 
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point of origin of each track was recarded. A total of 168 beta 

track:S were observed to originate near the cells and far 62 of the 

tracks, the first developed silver grain was associated with the cell 

wall. In the remaining tracks the first recarded evidence of beta 

u-ack was separated from the cell wall by a distance equivalent to two 

to three developed silTer grains. These latter tracks and their per­

centages far possible point of ar:lgin are given in the lower part 

of Table III. 

These percentage figur~s indicate that it is difficult to ac­

curately ascertain the point of origin of beta u-acks when the first 

developed silver grain is not closely associated with the cell wall. 



DISCUSSION 

Manametric: 

Bovine spermatozoa incubated anaerobically umer a gas phase of 

95. O per cent nitrogen am 5. O per cent carbon dioxide showed, in the 

presence of 5.5 am 8.3 per cent glycerol, a depression of glycolysis 

as measured by carbon dioxide released from calcium-free KRC (Figure 

2). The control flasks released 16.o arxi 22.0 ul. more carbon di­

oxide than flasks containing 5.5 am 8.J per cent glycerol, respect­

ively. Glycerol in these concentratiom, may- haTe inhibited the an­

aerobic utilization ar residual fru.ctose since the washing proced'\11"8 

used in these stl1dies was not designed to relllOVe all · the fructose 

present in the seminal plasma, but merely to dilute it while keeping 

the spermatozoan concentration high. There.tare, the controls in this 

study probab~ utilized the fructose present, while in the flasks con­

taining 5.5 am 8.3 per cent glycerol the glycerol in some way inter­

fered with the fructose utilization. 

In a ~1miJar stiny (Figure 3), when calciia-free KRC was re­

placed with calci1JJ11-free KRP, glycerol also inhibited anaerobic gly­

colysis, but the inhibition was not directly proportional to the con­

centration of glycerol present. When 8.3 and 10.0 per cent glycerol 

was added to the flasks, a more pronounced inhibition occurred dur­

ing the first 15 to JO minutes. 

The addition of 1.0 per cent fructose to the flasks, at the same 

tiJDe 1.0, 3.3, and 10.0 per cent glycerol was added, caused an im-



mediate and marked stimulation of gas prod:uction. The greatest de­

gree of stimn.lation occurred in the flasks containing fructose plus 

10.0 per cent glycerol. 
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These results indicate that the increased carbon dioxide produc­

tion is the result of the utilization of fructose or glycerol or 

both. In view of som recent investigations, it appears probable 

that carbon dioxide is being produced from both glycerol and fructose. 

Mann (.59) and Moore (68) have shown that glucose and fructose appear 

to be utilized through essentially identical pathways, and Flipse and 

Alllquist (28) haw shown that lactic acid produced from glucose-c14 

by bovine spermatozoa was, in part, lroken down to carbon dioxide. 

o•Dell, Flipse, and Al.Dquist (72) found that glycero1-1-clh was util­

ized by bovine spermatozoa under anaerobic conditions and converted 

in appreciable amounts to radioactive carbon dioxide. .An alternate 

possibility is that fructose might accelerate the entry of glycerol 

into the cell, as bas been postulated by White, et al. (105) far 

arabinose, a non-glycolyzable pentose. 

The results of the motility and per cent alive studies show that 

in all flasks containing glycerol without fructose, motility and per 

cent alive was lower than the C01Tespoming glycerol-fructose flasks. 

The only eJCCeption was seen in the per cent alive studies with ten 

per cent glycerol. Since more gas was produced in the 10. O per cent 

glycerol-fructose flasks, motility may have been depressed due to a 

build-up of metabolites toxic to the cells instead of a direct toxic 

effect produced by this high concentration of glycerol. However, all 
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flasks containing glycerol alone showed a lower motility, imicating 

a depression which probab~ was not associated with a build-up of 

toxic substances since less metabolic activity was observed in these 

flasks than in the controls, which exhibited a higher motility. This 

difference in motility between glycerol and glycerol-fructose might 

be explained by the report of Kampscbmidt, et al. (45) which indicates 

that as glucose is used to replace the buffer solution, viability of 

bovine spermatozoa is increased. This effect was attributed to: 1) 

more glycolyzable sugar present, or 2) decreased electrolyte content 

of the storage medium. Further support of the electrolyte view has 

been presented by- Hendrikse, et al. (41). They fO'UM that glycerol 

exerted a considerable apparent osmotic effect with a lowering of the 

freezing point when freezing bovine spermatozoa for use in artificial 

insemination. 

One per cent glycerol in the presence of one per cent fructose 

appeared to be more beneficial to the sperm cells, from both a mo­

tility and per cent alive standpoint, than~ other cOJlbination 

studied. Since a rather large amount of mtabolic activity was ob­

served in these flasks without the decrease in per cent alive and mo­

tility, as observed in the ten per cent glycerol-fructose flasks, 

perhaps low concentrations of glycerol, . in the presence of fructose, 

can be converted largely to carbon dioxide without the accompanying 

increase in toxic metabolic substances. Thus, a beneficial rather 

than a depressing effect was exerted on motility and viability of the 

cells. 
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The results of pH determinations, taken after 105 minutes incu­

bation um.er 100.00 per cent nitrogen, show a rather Pt"onounced dif­

ference between glycerol ani glycerol plus fructose samples. It was 

:f'ound that the greatest pH change occurred in the flasks contain:ing 

3.3 per cent glycerol plus fructose, followed by 1.0 per cent glycerol 

plus fructose, fructose, am 10. 0 per cent glycerol plus fructose, in 

that order. Lactic acid probably accounts far the largest aaount of 

the pH decrease; however, in view or the investigation of ~b, et al. 

(24), a considerable amount of this acid may have been pyra:vic acid. 

In the flasks containing glycerol alom there was a considerable 

change in pH, but there was little di£ference between the results for 

different glycerol concentrations. 

When the same type or gassing procedure was used in a study or 

radioactive carbon dioxide production by bovine spermatozoa from 

glycero1-1-c14, it was foum. that flasks containing one per cent gly­

cerol, in the abseme of fructose, showed the largest amount of radio­

active carbon dioxt.de. However, the pH in this case was identical to 

that f own in flasks containing 3. 3 and 10. O per cent glycerol. 

Results presented in Figure 3 with five per cent carbon dioxide 

present would lead one to expect more radioactive carbon dioxide to 

be produced when 100. 00 per cent nitrogen is used as the gas than 

act~ was produced. Although scme radioactive carbon dioxide was 

obtained (Fig. ,>, t:te amount produced in relation to the activity­

present :ill the substrate was very small. 

It seems possible that the observations of Greulich and Lebloni 
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(.34) might account for the small amount of carbon dioxide produced 

under these comitions. They found that carbon dioxide may be used 

for organic synthesis by animal tissues am postulated that same of 

the carbon dioxide p:roduced may be reused in f armation of products of 

the Krebs Cycle. In support of tb:l.s view, Wood am Werlanan (108) 

found, in a st-my- with bacteria, that the total carbon dioxide liber­

ated during fermentation of g:cycerol, plus that remainillg m the 

farm of carbonate, was less than the or~inal carbon dioxide in car­

bon.ate farm. It was suggested that tbe decrease resulted frcm the 

utilization of carbon dioxide by bacteria dwing their dissimilation 

of glycerol. 

From the results at this study with bovine spermatozoa, it ap­

pears that 1IOl"8 carbon dioxide is produced by the cells when five 

per cent carbon dioxide iB inclined in the gassing ndxture than when 

100.00 per cent nitrogen 1.8 used. However, pure nitrogen does not 

appear to decrease the aaount of acid compomns farmed, and may in­

crease their formation. 

'When 100.00 per cent nitrogen is used, if only small amounts of 

carbon dioxide are produced, it may be reused by the cells them­

selves; whereas, vben carbon dioxide is present initiall.y to stilllu­

late the production, DlUCh more may be :t=roduced than can be reused by 

the tissue present. Such might be the case with one per cent g:cycer­

ol, which was shown to be less toxic to the cells as far as motility 

am. per cent alive were concerned. Therefore, carbon dioxide prod:ac-
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tion may be more easily initiated by the cell in the presence of one 

per cent than ten per cent glycerol when carbon dioxide is included 

in the gassing mixture. 

More c14o2 was produced from 1.0 per cent glycerol followed by 

3.3 per cent and the least amount from 10.0 per cent glycerol. The 

latter glycerol concentration, when used alone, was foun:i to be more 

inhibitory to the cells in all phases of the study. 

The fact that very little radioactive carbon dioxide was pro­

duced when one per cent fructose was added to the three concentra­

tions of glycerol-1-c14 might be explained on the basis that no carbon 

dioxide was initially present to stimulate c14o2 production and suf­

ficient quantities of fructose were present to supply energy to the 

cells without glycerol. Thus, aore acid and less c14o
2 

was the end 

product, as can be seen in Figure 5. 

Autoradiographic: 

Results of the autoradiographic stu:iies indicate that glycerol-

1-cl.4 probabq enters the bovine spermatozoa and that the largest 

amount is present in the posterior Portion of the head, as has been 

pointed out previously by Pickett and Merilan (74). However, from. 

the results it is i.Jllpossible to sa;y that entry and localization are 

definite, because the emulsion will not record the c14 decay until 

the beta particle canes into contact with the emulsion surroun:iing the 

cells. Thus, an argument against entry could be presented by pointing 

out that the glycerol may be only associated with or adhered to the 
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cell wall in these areas. However, manometric data for spermatozoa 

presented in this st1]!:iy, as well as in others (61, 72, 105), would 

oppose the hypothesis that glycerol is merely adhered to the cell or izJ 

the cell wall. :U,vi (47) has pointed out that one disadvantage of this 

technique is that the origin of the activity cannot be definitely as­

certaillSd since the blackened graim first appear at the edge of the 

cell. 

From the photomicrographs, it is difficult to point out the ori­

gin of the tracks becaue the cell and the entire l.e~th of the track 

may not be in the same focal plane. Boyd and. Levi (10) have pointed 

out that localization of a disintegrated atOD1 can be approximated in 

the cell by changing the focal plane of the microscope, thus tracing 

the track to its origin. This has been done with all the autoradio­

grams from which the photomierographs were made and only- those where 

the origin of the tracks was in close proximity with the cell wall 

are shown. 

It is evident from the photomicrographs that there are sperm 

cells which do not haTe beta tracks associated with them and alth01Jgh 

only cells with single tracks are shown, several were seen m the 

original autoradiograJUS which possessed more than one and in a few 

cases as JllaD7 as tour. When a thin emulsion is ued, tracks coming 

directly ,ip from the cell probably will not be seen. The same could 

appl,- to tracks originating cm the side of the cell away fran the 

microscope. 

A rather large nwd:>er of the tracks on all autoradiograms were 
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fo'UDi some distance f'rom the cell wall. This was also observed by 

Levi (47), who suggested that failure of the track to register at the 

begjnnjng or that distortion ot the emulsion might account for the 

distances seen. 

The cells that did not show an;y tracks :may ban, been dead, ar in 

a particular physiological state not favaring uptake of glycerol, or 

ma:, have contained radioactiTe glycerol in which cl.4 decay did not 

take place during the relatively short exposure times. An additional 

factor may haTe been the removal of glycerol by the washing procedure. 

When borlne spermatozoa are centrifuged at speeds used in this study, 

after being equilibrated in fructose ani sodillll chloride, they pack 

very tightly in the bottom of the centrif1Jge tube. This was an ad­

vantage in one respect since it allowed reJDOYal of most of the radio­

active substrate without disturbing the cells. However, this washing 

probably re:mOTed considerable am.cnmts of glycerol frcm the cells. 

Boyd and Levi (10) observed tracks starting in the emulsion am 

running in all directions. This was attributed to random cosmic 

events, to radioactiTe subetances naturally occurring in the tissue or 

gelatin, and photoelectrons fr01t X-rays generated bJ' the beta particles 

themelTes. In thi.8 stlldy all the radioactive supernatant vas not re­

JDOYed, thus prod.UC~ some tracks not associated with the cells. 

Guidotti and Setti (37) criticized clli. as an isotope for use in 

autoradiograph;y beca'Ql!e under the conditions of their eJq)eriment, the 

tracks ware "curl.r'. This is not uncommon as has been shown by others 

(9, 10, 47). HoweTer, in this st'Udy no such problem was encountered, 
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although curved tracks and an occasional "curly" track were seen. 

Before the importance of localization of any compound in the cell 

can be fully realized the localization must be associated ar correlated 

with some structure, compound, or group of ccnpounds in the cell. 

The association of structural and functional characteristics of 

spermatozoan morphology have been studied by means of the electron 

microscope (81, 109) as well as by the use of P32 autoradiograma (.5). 

In the latter stm.y, Bishop found that bovine spermatozoa accumulated 

p32 in the posterior portion of the head and in the mid-piece region. 

Risley (82) also employed p32 in a study of hamster spermatozoa. A 

reasonably close correlation was f own between percentage of motile 

spermatozoa and those producing good autoradiograms. It was further 

noted that phosphate activity is localized primarily in the mid-piece 

region of these cells. It was also pointed out that the mid-piece 

region appears to be the site of the oxidative processes of the cell. 

DiStefano and Mazia (16) obtained results indicating the uptake of p32 

in the ribonucleic acid constit1Jents of the mid-piece of sea urchin 

spermatozoa. 

Nelson (70) found that the majority, and in some cases all, of 

the succinic dehydrogenase activity of bull spermatozoa was localized 

in the mid-piece and tails of the cells. In addition, the cytochrome­

oxidizing systems were also found 1n this area. 

Friedlander and Frazer (31) have found phosphate activity pri­

marily in the mid-piece of ram spermatozoa, particularly toward the 

mid-piece-tail j'W'lCtion. This is interesting since a rather large 
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number of the c14 beta tracks in the present study were found to be 

coming from this same region. 

In the cytocbemical studies of these workers (31) with ram sper­

matozoa, calcium., magnesium, DNA, potassi'Ulll, and lipids were found 

both in the mid-piece and nuclear area. Sulfur appeared to be associ­

ated with all areas of the cell but little information was obtained on 

the tail because of its small size. Zittle am O'Dell (110) analyzed 

various fractions of bull spermatozoa and fomn that the tails, beads, 

and mid-pieces contained 23.0, 6.o, arn 7.0 per cent lipid, respect­

ively, and that phospholipid was present, especially in the tail. 

Since phospholipids and other phosphorus containing compounds were 

found generally' throughout the cell, it is possible that glycerol is 

closely associated with these substances. This would help explain 

the origin of tracks from all regions of the cell, especially since 

more appeared to come from the bead, followed by the mid-piece, and 

tail, in that order, which was also approximately the order of phos­

phorus accumulation. 



SUMMARY AND CONCLUSIONS 

Data have been presented on the effect of various concentrations 

of glycerol on the anaerobic metabolism of bovine spermatozoa, unier 

varying conditions of gassing, plus or minus fructose, radioactive and 

non-radioactive glycerol, in both calcium-free Krebs-Ringer carbonate 

and Krebs-Ringer phosphate buffers. 

In addition, autoradiographic studies have been conducted in an 

attempt to determine localization of glycerol-1-c14 in bovine sper­

matozoa. Supplemanting this is a detailed discussion of the tech­

niques employed in this study and an attempt has been made to corre­

late the results with other known facts about the cell. The following 

conclusions were drawn from these data: 

1. Glycerol in concentrations varying from 1. O to 10. O per cent 

inhibited anaerobic glycolysis of bovine spermatozoa during 

105 minutes incubation at 38°c. with calcium-free KRC or KRP 

as the buffer. The greatest inhibition was shown by the high­

est glycerol concentration. 

2. The inclusion of one per cent fructose with 1.0, 3.3 or 10.0 

per cent glycerol caused a stimulation of carbon dioxide pro­

duction by- the spermatozoa. 

3. Glycerol plus fructose maintained a greater degree of motility­

and livability- of bovine spermatozoa at the em of 105 min­

utes incubation at 38°c. than did either fructose or glycerol 

alone. One per cent glycerol plus one per cent fructose was 
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the apparent optimum in maintenance of spermatozoan motility­

and livability-. 

4. Bovine spermatozoa, incubated for 105 lllinutes at 38°c. under a 

pure nitrogen gas phase, produced more acid when :fructose was 

present in the substrate with 1.0 am 3.3 per cent glycerol 

than when glycerol or fructose alone was used. 

5. Mare radioactive carbon dioxide was produced by bovine sper­

matozoa from one per cent glycero1-1-c14 than :from one per 

cent glycero1-1-c14 plus :fructose. However, more acid was 

produced in the latter flask. 

6. Um.er the con:iitions of the autoradiographic studies, embed­

ding the cells in liquid emulsions gave better results than 

liquid emulsions painted over the cells. However, either of 

these techniques was superior to the use of stripping film or 

dental X-ray plates far studying glycerol localization in the 

bovine sperm cell. 

7. Glycero1-1-e14 apparently- enters bovine spermatozoa am the 

greatest aaount seems to accumulate in the nuclear area, 

follO'W8d by the mid-piece and tail, in that order. 
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