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The increasing importance of artificial insemination during 
the past few years has emphasized the necessity for improved 
methods of semen evaluation. A number of methods for semen 
evaluatIon are of importance and among' these an estimation 
of sperm motility seems to be the most widely used. Ho,v
ever, this gives :10 criterion for determining the number of 
live and dead spermatozoa because a few very active sperm 
may produce the same apparent motility as a larger -number 
of less active sperm. Up to the present time there has been 
no definite method for determining the relative number of live 
and dead spermatozoa in semen samples. If such a method 
could be developed it would be of considerable importance in 
evaluating fresh and stored semen to be used for artificial 
insemination, as a criterion for studying methods of process
ing semen, and as an aid in determinin~ the degree of fertility 
in males. It is the purpose of this paper to present such a 
method and to demonstrate its accuracy. 

1 Contribution from the Department of Animal Husbandry, Missouri Agrielllturni 
Experiment Station, .TournaI Series No. 762. 

• The a.uthors wish to express their appreciation to Dr. Ralph Bogart and Dr. 
D. T. Mayer of the University of Missouri for their advice and assistance iu pre· 
paring this paper, and to Dr. Daniel Mazia, University of Missouri and Dr .. Gar! 
Hartman, Carnegie Institution of Washington for reading and critici~ing the 
manuscript. 
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Several authors have noticed that the protoplasm of dead 
cells react to external agencies in a different way than the 
protoplasm of living cells. Walton ('33) stated that the tails 
of active sperm '~lOuld coil when the semen was diluted with 
water, whereas the tails of the inactive sperm were not 
affected. He suggested this as a method for determining the 
relative number of live and dead spermatozoa. 

Goetz and Goetz ('38) used methylene blue in the differen
tiation of live and dead yeast cells. They stated that it is 
known that a number of stains of colloidal character do not 
affect live microorganisms and that the dye, if not too con
centrated, can stay in contact with live cells for a considerable 
length of time without harmful effects. They further stated 
that these stains enter the dead cells very rapidly. 

PROCEDURE 

In investigating' the reaction of the sperm of farm animals to 
various stains it was noted that several stains "'ould enter 
certain sperm but not others. In every case it was observed 
that the spern~ in which the stain entered were non-motile 
before and after staining. After considerable investigation 
the following' mixture of stains was observed to g'ive the best 
results: 

Stain A 

2% water soluble eosin in M/8 phosphate buffer 3 (pH of 7.3). 
Stain B 

1 part opal blue' (undiluted) "'-
M/8 h h b ff • (pH 7.4)/----~ pH 5.7 1 part p oap ate u er 

The staining mixture of one part of A and one part of B was 
used. This solution was approximately isotonic with semen 
and had a pH of about 6.7. 

The semen used in these studies was collected by use of 
an artificial vagina from normal mature Rambouillet rams. 

3 Phosphate buffer (pH 7.4): 80.4 cc. M/8 Na,HPO. and 19.6 ce. M/8 KH,PO •. 
• Opal Blue Solution according to Breslau, Dr. G,Griibler and Co., Eimer and 

Amend, New York. 
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The ejacula were pooled irnmediately after collection. Ap
proximately 20 minutes (at room temperature, 25° C.) elapsed 
between collection and treatment. Three 0.5 cc. samples of 
the pooled semen were placed in separate vials. One of these 
samples und 1 cc. of stain mixture in a separate container ''lGre 
immersed for 10 minutes in a water bath at 0° C. The other 
two samples were treated the same except that one ,''us illl
mersed in a water bath at 25° C. and the other at 40° C. T'en 
slides were made from eacb sample of semen at the end of 
the 10-minute period. 

In making these sli~les one drop of stain was placed 011 a 
clean glass slide. A glass stirring rod was dipped in the 
semen sample and the selllell adhering to it was immediately 
mixed with the stain 011 the slide. The flat surface of another 
clean slide was placpd over the mixture which caused it to 
spI~ead out in a thin film hetweell the surfaces of the two slides. 
The slides ,vere then drawn apart, without applying PJ'C':-;:-;Ul'e, 

and were dried on a warm plate at 40° C. 
Motility readings were taken on the 1'emaining seJ1lC'n in 

each sample immediately after the slides were HiaelC'. 

The slides were studied under oil immersion at a magnifica
tion of 970 X. In each case, 500 sperm were counted and the 
number of stained and nOll-stained sperm were tabulated. To 
obtain a more representative count, several fields on the slide 
were observed. 

RESULTS 

An examination of the individual sperm on these slides dis
closed that the posterior portion of the sperm head stained 
with varied intensity from almost red to a dark purple (fig. 1) 
whereas the anterior part of the head usually stained H light 
pink but in some cases did not stain at all. The sperm that 
did not take the dye appeared as a clear outline against a light 
blue background (fig. 1). LagerlOf ('34) used the technic of 
staining the backgrouHCl (with opal blue) in his stuclie~ of 
fertility of bulls. 
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Fig. 1 Ram spermatozoa. Unsta ill ed sperm are a li.ve. Sperm that have stailled 
are t hosc that wern dend nt t he timc of stHinill g. Opa l·t lue·eoBin X 970. 

In testing the accuracy of this method of determining the 
rclatiye number of live and dead sperm, ten slides at each 
of the three temperatures were counted by each of two ob
sen-ers, who have had several years experience in the micro
scopic examination of the sperm of farm animals. By analysis 
of Yariance, the influence of the observers doing the counting 
and of temperature prior to staining upon the percentage 
of live sperm was determined (table 1). 

TABLE 1 

Variance due to t?'eatment ani! observers 

SOUIlCE Oi l' VAn.rANOE 

Total 59 716.4015 
Between t mp. 2 21,035.1722 
Between men 1. 4.8088 
Remllinde l' 56 3.4383 

t High ly significant (P = .01). 

),· R.A'l'IO 

6,117.90 t 

1.40 
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There was a highly significant difference (P = .01) between 
temperature treatments. This indicates that 0° C. and 40° 
C. produce an injurious effect because 10 minutes at these 
temperatures brought about the death of a larger percentage 
of the sperm (table 2). This is supported by the fact that the 
original . high sperm motility of five was lowered to three 
at 40° C., to one at 0° C., but remained unchanged at 25° C. 
Since the effects of each of these three temperatures on the 
sperm were so definite and yet differed so widely, they were 
selected to test the repeatability 'of the results of the staining 
method on a given semen sample. No significant difference 
'Was noted between counts made at these temperatures by 
different observers. This indicates that · the method can be 
used by properly trained individuals :with a satisfactory 
degree of accuracy. 

TABLE 2 
Mean.~ for temperatures and men ,with necessary (litference (P = .0.1) 

between means for 8ignificance 

TEKl'El!.ATURE (DEORE.ES c.) 

o 
25 
40 

KEN 

A 
B 

II 

KEAN 

9.78 
74.09 
34.66 

39.22 
39.79 

• Necessary difference = '1/ N • '1/2 • t (P = . .01) 

NECESSAR¥ DIFFERENCE 1 

1.72 

1.34 

The repeatability by one man counting the same sample 
several times is presented in table 3 in.which the mean + the 
standard error of the mean for each observer is ..count at the 
three temperatures is given. 

TABLE 3 
The mean ± the standard error f!f the mea'll for each obsert'er's c~1tnt· 

at the dijf erent temperature8 ' 

'l'EKPERATURE (DEGREES c.) A B 
----

0 8.69 ± .184 .10.86 ± .327 
25 74.64± .505 73.54 ± .779 
40 34.34 ± .543 3Ui ± .635 
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It can be observed that little difference existed between 
counts on the same sample by the same man. 

DISCUSSION 

~"'or any method to be of practical use in evaluating the 
semen of farm animals it must be simple as well as accurate. 
The method described in this paper meets these requirements. 
Only a few minutes are required to determine the relative 
number of live and dead spermatozoa in a semen sample. The 
accuracy of this method is demonstrated in tables 1, 2, ftnd 3 
where it is shown that there is no significant difference in the 
counts made by two trained men on the same slides, nor is 
there a significant difference in counts made on several smears 
of the same semen sample. 

It can be demonstrated in numerous ways that only sperm 
which are non-motile and cannot be reactivated are stained. 
If a mixture of stain and fresh semen is placed on a slide and 
observed under a microscope, it can be seen that olllynon
motile sperm take the stain. If one continues to observe the 
sperm until the mixture dries, one can also see that none of 
the non-stained sperm take the stain at the time of drying. 
Occasionally a non-active sperm is observed which does not 
stain. However, inactivity of sperm cells does not mean that 
they are dead. Moore, Mayer and McKenzie ('40) among 
others, observed that some samples of ram semen which 
showed no motility after storage could be reactivated by the 
addition of a buffer. We have observed similar semen samples 
and have found tlIat smears which were made before and after 
activation show approximately the same proportion of dead 
sperm as determined by this staining method . . 

In addition we treated individual semen samples by 
methods, which in the experience of this laboratory, have been 
efficient in killing or irreversibly inactivating all the sperm 
so treated. 

Drying, freezing, heating to 50° C. for 10 minutes or the 
addition of a toxic substance such as undiluted alcohol were 
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the methods selected to kill the sperm. No matter which of the 
above methods was used, all of the sperm was stained. 

Storage of ram semen at high or low temperatures results 
in a progressive increase in the number of sperm which can
not be reactiyated either by the addition of a suitable buffer, 
dilution or temperature change (Moore, Mayer and McKenzie 
('40) and unpubli shed data of the authors). Smears were 
made of ram semen at different intervals during storage at 
low temperatures and stained by the method described in this 
paper. In agreement with the aboye observations, a progres
HiYe increase ill the lllUllbel' of staiuecl sperm was noted as 
the storage time increased. 

Apparently, then, our results thm; far would indicate that 
tbis new staining technique stains dead sperm or sperm whicb 
have reached a state of irreveI'sible inactivation and fails to 
stain live (active and potentionally active) Spel'lll. 

The decrease in the number of non-stained sperm (tables 
1, 2, 3) at 0° C. is probably due to an injurious effect. That 
this cooling injures the sperm may be demonstrated by the 
fact that there is no increase in the numher of non-stained 
sperm 'when this same s~men is rewarmed to 20° C. for 10 
minutes. This is ill agreement with the work of Chang and 
""Walton ('40) in which they observed that when ram semeu 
was cooled vcry rapidly to low temperatures the sperm were 
injured as shown by a lower rate of respiration. 

The decrease in the llumb(~r of nOll-stained live sperm in 
samples which were held for 10 minutes at 40° C. is probably 
also due to all injurious effect. ""Walton ('"33) stated that a 
temperatU1'e of 46° C. would kill sperm immediately. 

Since the spermatozoa of farm animals are very sensitive 
to changes in environmeut, it is recommended that standard
ized conditions should be followed in applying this staining 
method. This makes it possible to eliminate a number of 
variables in comparing semen samples. On the basis of avail
able information we would recommend that both the stain and 
semen should be hrought to a definite temperature between 
20-30° C. anel the smean; made mid dried at this temperature. 
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(Further adjustments for drying may have to be made in 
regions of high humidity.) 

The staining mixture should be kept in an icebox, when not 
being used, to keep down bacterial growth and prevent chem
ical changes which might be injurious to the sperm. 

Preliminary observations indicate that this method of stain
ing can also be applied to the semen o.f man, the rabbit, boar, 
bull and stallion. Investigations are now in progress to deter
mine the stain mixtures which will give the greatest distinction 
between the live and dead sperm in the semen of these species. 

CONCLUSIONS 

1. A method has been described for determining the rela
tive number of live and dead spermatozoa in semen of the ram. 

2. A statistical analysis of the accuracy of this method 
demonstrates that the differences between trained individuals 
making the counts are insignificant. Furthermore, there is 
only a slight variation in counts made on different smears of 
the same semen sample. 

3. Data and results herein presented indicate that this new 
staining technique stains dead sperm or sperm which have 
reached a state of irreversible inactivation and fails to stain 
live (active and potentially active) sperm. 
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