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was responsible or whether polygenic factors 
were at play. 

In Stage 2, the trend toward resistance was 
not maintained, and it appears that other 
factors, either environmental or genetic in 
nature, had a modifying effect. Although en- 
vironmental conditions may have been re- 
sponsible for the change in Stage 2 these 
were not evident. No relation could be estab- 
lished with season, housing, diet, intercurrent 
disease, or personnel. Only 7 animals died 
of intercurrent disease during the experimen- 
tal period which lasted 4 years. 

Food intake and growth rates (Fig. 2 )  
were similar for resistant and susceptible ani- 
mals in Stages 1 and 2. Resistance in these 
animals appeared to be unrelated to rate of 
growth. 

I t  is possible that as a result of inbreeding 
in Stage 2, modifying genes became homo- 
zygous and thus led to an increase in sus- 
ceptibility. I t  also is possible that the de- 
cline in resistance was due in part to what 
is termed “inbreeding depression,” although 
the nature of the latter is not clear. 

Summary and conclusions. Male rats of 
the Sprague-Dawley strain, which were found 
to be resistant to the development of dietary 
cirrhosis, were bred with random females of 
the same strain. In 3 generations of rats so 
bred there appeared to be a sharp increase 

in the proportion of resistant males. How- 
ever, when resistant males derived from re- 
sistant fathers and grandfathers were crossed 
with their daughters or sisters there was a 
sharp decline in the proportion of resistant 
male offspring. It is suggested that resistance 
to dietary cirrhosis in the rat may be attrib- 
utable to an inherited trait or traits, and that 
other factors, either environmental or genetic, 
may exert a modifying influence. 

The authors are greatly indebted to Dr. Salome 
Waelsch, Albert Einstein School of Medicine, Ye- 
shiva Univ., for advice in planning the experiment, 
and to Professor F. B. Hutt, N.  Y. State College of 
Agriculture, Cornell, for helpful criticism. 
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Mammalian spermatozoa, as well as sper- 
matozoa from lower animals, have been 
shown to exhibit a dilution effect. Gray(7) 
reported that mild dilution of sea-urchin 
sperm stimulated motility and O2 uptake, but 
was detrimental to livability. Salisbury et al 
(13) found that mild dilution of bull sper- 
matozoa depressed livability, but did not ad- 
versely affect fertility. Later it was shown 
that mild dilution stimulated O2 uptake of 

bull sperm depending upon the ions present 
in the diluting medium(1). The dilution 
effect and the proposed theories as to its 
cause have been reviewed ( 10,14). I t  is gen- 
erally agreed that mild dilution stimulates 
motility and metabolism, but further dilution 
beyond an optimum sperm cell concentration 
depresses them both(2,3,4,11,17,18). 

The depressive effect is believed to be 
caused by a) a loss of vital material from 
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the spermatozoa (4), b) physical changes of 
the sperm cells(lO), and/or c) an upset in 
ionic exchange(l0,17). The first (a) has 
probably received the most support and it 
has been reported that the addition of sev- 
eral substances (Le., egg yolk, cell-free super- 
natants from more concentrated samples, gly- 
cogen, etc.) increased the resistance of sper- 
matozoa to the effects of high dilution (2,4). 
Although the mode of action has not been 
satisfactorily explained, these substances may 
prevent the loss of some vital material from 
the spermatozoa (3,4). However, it has also 
been suggested that these substances might 
contain a common contaminant necessary for 
metabolism and motility (4). Several investi- 
gators(4,10,17) have postulated that the dele- 
terious dilution effect and the depressed meta- 
bolic activity and motility caused by exces- 
sive washing of spermatozoa have the same 
basic cause; the loss of vital material. At- 
tempts to correlate a factor preventing both 
phenomena have been unsuccessful ( 17). 

We have reported recently a need for COa 
in the anaerobic metabolism of spermatozoa 
(8,9) in which it was observed that the need 
could be demonstrated only when the cellular 
concentration was low. However, no com- 
parison was made of different cell concentra- 
tions from the same sample, so that some of 
the differences could have been due to sample 
variability. Thus, an experiment was de- 
signed to test the effect of C02 on the anaero- 
bic metabolism of varying concentrations of 
spermatozoa from the same sample. This 
paper reports the results of that study. 

Methods and materials. Epididymal-like 
spermatozoa were collected as previously de- 
scribed ( 6). After the spermatozoa were 
washed and resuspended in saline (0.9% 
NaCl) to give the highest concentration, por- 
tions of this sperm cell suspension were 
diluted with saline to give 3 additional cell- 
ular concentrations from the same sample. 
This procedure was followed for 4 different 
spermatozoan samples. Anaerobic metabolism 
of cells in a citrate-bicarbonate medium (16) 
containing fructose was studied in duplicate 
in a Warburg respirometer at 37°C for 4 
hours. The flasks were gassed with 100% 

N2 or 5% C02 95% N2 by alternately gassing 
and evacuating with vacuum. The COZ 
evolved by the reaction of metabolic acid 
with bicarbonate (corrected for C& and acid 
retention), the, fructose disappearance, and 
lactic acid accumulation were measured. 
Techniques for determining COZ evolution, 
fructose and lactic acid analyses have pre- 
viously been reported ( 15). Motility was 
estimated by microscopic observation after 
aeration of the samples. 

Results. The results (Table I), as the 
mean of duplicate determinations, showed 
that with higher concentrations of sperm cells 
(3.9 to 8.0 X 10s) there was little difference 
in total metabolism when the cells were sub- 
jected to 100% Nz or 5 %  C02 95% Nt. 
However, the fructose had been completely 
utilized in most of these samples during the 
4-hour incubation and a better comparison 
is the C02 evolved during the first hour. With 
the 3 highest concentrations (6.6 to 8.0 X 
108) there was inhibition of metabolism by 
5% CO2 as compared to N2, whereas, with 
concentrations of 3.9 to 5.4 X 10s there was 
a definite stimulation by 5% C02 in 2 of 
the 3 concentrations. It would appear as 
though enough C02 was retained by cell con- 
centrations between 6.0 and 8.0 X 10s to 
create an optimum level of C02 for maximum 
metabolism since 5% C02 was inhibitory. 
With concentrations between 4.0 and 6.0 X 
10s the CO, retained was apparently below 
optimum since in 2 of the 3 observations 
5% C02 was stimulatory to metabolism dur- 
ing the first hour. Since metabolism in these 
2 samples was about equal after 4 hours incu- 
bation, an optimum COZ level must have been 
reached in the N2 atmosphere between one 
and 4 hours. 

The effect of the gaseous atmosphere on 
metabolism and motility of cell concentra- 
tions ranging from 1.2 to 3.4 x 108 was 
striking. In all cases 5 %  C02 9570 N2 sup- 
ported higher metabolic activity and motility 
of the spermatozoa. Results from cell con- 
centrations between 2.2 and 3.4 X 108 gassed 
initially with 100% N2 were variable in that 
the metabolic activity ranged from essentially 
zero to almost normal as compared with an 
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apparently normal metabolic activity of cells 
from the same sample under 5% C02. Even 
though some metabolic activity was observed 
in some samples in this cell concentration 
range, the increased survival of sperm cells 
under 5% lC02 was readily apparent from 
the motility estimates after incubation. 

Cell concentrations below 2.1 X 108 and 
gassed with 100% N2 essentially did not 
metabolize during the 4-hour incubation and 
little motility was observed at the end of 
the incubation period. In contrast, good mo- 
tility was observed in the samples subjected 
to 5% C02 and, with the exception of one 
sample, metabolism was also substantial. 
Thus, it must be concluded that C02 is an 
important factor for glycolysis and main- 
tenance of motility of spermatozoa in dilute 
suspension. 

Discussion. The results from this study 
confirm the speculation of the previous re- 
ports(8,9) that COs is required for normal 
metabolism of spermatozoa in dilute suspen- 
sion and that control of the cellular concen- 
tration is necessary to demonstrate the need. 
It would appear from the results in our lab- 
oratory that twice-washed sperm cells resus- 
pended in saline and diluted in a citrate-bi- 
carbonate medium to cell concentrations 
above 4.0 X 108 retain enough C 0 2  to initi- 
ate glycolysis and maintain motility. Where- 
as, sperm cells from the same sample diluted 
to contain less than 2.0 X 10s will not me- 
tabolize nor maintain motility unless an exo- 
genous source of free C 0 2  is supplied. The 
response of sperm cells to concentrations be- 
tween 2.0 and 4.0 X 108 is variable and 
not predictable. Some samples will metabolize 
and some will not when gassed with 100% 
N2. 

A Fisher gas partitioner was used in an 
attempt to determine the level of C02 reten- 
tion of varying concentrations of sperm cells 
after gassing with 100% N2. The results ob- 
tained for the pCOz in the liquid and gas 
phases were not conclusive because of the 
time lapse between sampling and analysis. 
However, the results suggested that enough 
CO2 was retained by the more concentrated 
cells to initiate metabolism and the cells in 
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dilute suspension had lost CO2 below a mini- 
mum essential level. 

This study and a previous study(9) show 
that high dilution and the washing technique 
cause a loss of COz resulting in reduced 
metabolism. C02 may also have been a con- 
taminant in substances reported by others (2, 
4) which prevented the decrease in motility 
on high dilution. For example, egg yolk has 
been shown to prevent the deleterious dilu- 
tion effect(2) and in our laboratory egg yolk 
has been shown to substitute for CO2 in the 
metabolism of dilute suspensions of sper- 
matozoa (unpublished). The effect of egg 
yolk is believed to be due to a high solubility 
of CO, ia lipid material (12). 

From the results presented here it should 
be possible to use higher dilution rates in 
C02-containing diluters for artificial insem- 
ination than is commonly used in conven- 
tional diluents. Evidence for such a hypo- 
thesis has been reported by Foote(5) who 
found no significant decrease in fertility from 
inseminating 5 x lo6 as compared to 10 x 
l@ live spermatozoa extended and stored in 
carbonated CUE diluent. 

Summary. An experiment was designed to 
test the effect of C02 in preventing the dele- 
terious dilution effect on metabolism and 
motility of spermatozoa in varying concentra- 
tions from the same sample. The results 
showed that C02 prevented the depressed 
metabolic activity and loss of motility asso- 
ciated with high dilution. Thus, CO2 is one 

essential factor which is removed from the 
sperm cells upon excessive dilution. 
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Detrimental effects on the motility and 
metabolism of mammalian spermatozoa from 
removal of seminal plasma by washing have 
been reported(4,5,10,11) and glycolysis was 
more markedly depressed than was respira- 
tion. The cause has been suggested as 1) re- 

moval of a necessary component for glycolysis 
(12) and 2) possible mechanical injury due 
to centrifugation( 5). The detrimental effect 
of washing has been found to be partially but 
not completely prevented by including low 
levels of potassium in the washing solution 




