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adrenal ‘hormones without necessarily acting 
directly on the same renal tubular locus af- 
fected by the adrenocortical hormones. The 

those reported ‘by Axelrod and MacLeod(1). 
Since no details regarding procedures and 3. Farah, .4., Cobbey, T. C., and Mook, W., 1. 
methods are available a t  this time, it is not 
possible to explain the differences in our re- 

sults and those of .\xelrod and MacLeud. 
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During a study of the metabolism of pyru- 
vate in mammary tissue it was observed that 
2 :4-dinitrophenol (DKP) stimulates the res- 
piration without increasing the rate of utiliza- 
tion of the substrate, thus causing its more 
complete oxidation ( 1 ) . Preliminary experi- 
ments in which the effect of DXP on the 
metabolism of pyruvate in spermatozoa was 
tested produced somewhat similar results( 2 ) . 
Since DNP is knlown to inhibit synthetic re- 
actions(3) it was thought that it might be a 
useful reagent for an assessment of the quality 
of spermatozoa based on their synthetic power. 

Experimental procedure. Washed bull sper- 
matozoa (4) were suspended in phosphate 
saline( 5 )  and incubated at  37” in the War- 
burg apparatus a )  without addition, b) with 
pyruvate (0.005-0.01 M) and c) with pyru- 
vate + D S P  ( M ) .  ,411 flasks also con- 
tained fumarate (0.002 31). The oxygen con- 
sumption was followed for one to 2 hours. 
Pyruvate and lactic acid were determined by 
chemical methods( 6 ,7 ) .  Since pyruvate is 
rapidly reduced to lactic acid by spermatozoa 
under aerobic conditions ( 2 )  the amount of 
pyruvate metabolized by oxidative reactions 
is given by the difference between the amounts 
of pyruvate disappearing and lactic acid 
formed and is designated as “net pyru- 
vate”( 8). 

Results. In  early experiments in which 
semen from selected bulls of high fertility was 
used, the respiratory rate in the presence of 

pyruvate was (often accelerated by D S P  (Z), 
but in samples from other equally fertile bulls, 
it riemained unaltered or was slightly de- 
pressed. In  all these experiments D S P  in- 
creased the ratio O2 consumed net pyruvate. 
The fact that the observed ratios were rela- 
tively high and in the presence of DSP  often 
exceeded the theoretical 2.5 suggested that the 
endogenlous respiration was incompletely sup- 
pressed. 

On addition of fluoride (0.02 >I) the endo- 
genous respiration of spermatozoa was re- 
duced to a low level; although the level of 
respiration in the presence of pyruvate was 
also depressed, DNP now caused marked stim- 
ulation of the oxygen consumption in the 
presence of the substrate also in those samples 
in which, without fluoride, it  was inhibitory 
(Table I). DNP did not stimulate the res- 
piration in the absence of added substrates, or 
in the presence of small am’ounts of endogen- 
ous lactate (less than 5 x 

When the respiratory response tlo pyruvate 
and DNP of a larger number of samples was 
examined in the presence of fluoride, 5 groups 
could be distinguished. A .  The respiratory 
rate in the presence of pyruvate was low, very 
little above the endogenous level: DNP caused 
large increases in Oa consumption, often ex- 
ceeding 100%. B .  The rate of respiration in 
pyruvate was about twice the endogenous level 
and DNP caused little or no further increase. 
C. The respiratory rate in pyruvate was inter- 

31). 
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TABLE I. Effect of Pyruvatc, Fluoride and 2:4- 
Dinitrophenol of Respiration of Spermatozoa. 
Washed bull spermatozoa incubated in  phosphate 
saline a t  37";  gas, air. Fumarate (.002 M) in all 
flasks. Pyruvate, .01 M; fluoride, .02 M; DNP, 
lo-' M. Volume, 4 ml. Sperm count/flask: Exp. I, 
9.7 X loR; Exp. 11, 7.92 X lo8; Exp. 111, 12.6 X 
lo8. Incubation period: I, 45 min; 11, 70 min; 

111, 120 min. 

zo2 
/lo8 spermatozoa/hr) 

Additions (: I1 I11 

0 -18 -11.7 - 6.8 
Pyruvate -25.9 -21 -17.5 

" , D N P  -25.8 -19.2 -23.1 
Fluoride - 4.2 - 4.2 - 4.8 

" , pyruvate - 6 - 5.2 - 7.6 
9 )  " , DNP -11.3 -11.8 -15.6 

TBBLE II." Metabolic Response of Bull Sperm- 
atozoa in Relation to the Fertility of the Donors. 

n r! - 
0 

.d 

No. of 
bulls 

No. of 
samples 
tested 

Type of metabolic 
response 

Inter- 
Good mediate Poor 

f \ 

(A) (C) (B,D,E) 
~ ~~~~ ~~ 

> 65 3 11 9 2 0 
55-65 8 22 7 8 7 
< 55 5 27 4 2 2 1  
Unknown 3 10 2 1 7 

Total 19 70 22 13 35 

* W e  wish t o  thank Miss Zena D. Hosking for 
the statistical analysis 'of the data. 

A t  least 3 samples of semen from each bull were 
tested, except in 4 cases. 

x2= 27.4 (4 d.f.) Y <.OOl. If the data are 
grouped within two classes only-ahve or below 
55, then x2= 19.1 (2 d.f.) P <.OOl. 

mediate between the endogenous and the 
pyruvate-plus-DNP levels. D .  Both pyruvate 
and pyruvate-plus-DNP caused only small 
increases of respiration above the normal en- 
dogenous level. E .  In  a few experiments the 
endogenous respiration was exceptionally low 
and the adadition of substrate and DNP was 
without effect. 

All samples were graded according to the 
usual criteria (sperm count and motility) at 
the time of collection, and the average fer- 
tility of each donor was computed from its 
breeding record in artificial insemination dur- 
ing the past 12 months. No connect8ion could 
be found between the type of respiratory re- 
sponse and the motility of the spermatozoa, 

which in most cases was g o d .  However, a 
oorrelation between the metabolic response of 
the individual samples and the known fertil- 
ity of the donors is apparent from Table 11. 

Chemical estimation of the metabolites in- 
volved showed that spermatozoa of type A 
metabolized pyruvate with a low 02/net 
pyruvate ratio (less than 1 )  which was in- 
creased by DNP to 2.0-2.5, a result expected 
in tissues of high synthetic capacity ( 1 ) . 
Samples of type B, despite their high respira- 
tory activity, revealed their low synthetic 
power by oxidizing pyruvate to completion in 
the absence of DNP. Spermatozoa of type C 
showed intermediate 02/net pyruvate ratios. 
In  samples of type D, pyruvate was metabo- 
lized at  slow rates and oxidized to completion 
(Table 111). 

Conclusions. 1. The results described above 
suggest that manometric measurements of 
respiration in a system comprising fluoride, 
pyruvate and DNP may provide a measure of 
the meta'bolic activity and give an indication 
of the potential fert'ilizing capacity of sperma- 
tom. Although other factors outside the 
scope of the manometric test play a large 
part in determining fertility, it seems to be 
generally recognized that the metabolic vigor 
of the spermatozoa is an important property 
in relat'ion to their capacity for survival and 
fertilization( 9). It should be pointed out 
that, since the observed metabolic rates rep- 
resent the mean of the metabolic activities of 
a large number of spermatozoa, samples clas- 
sbfied as poor may yet contain a small propor- 
tion of spermatozoa of good quality and under 
favorable conditions effect fertilization. In  
fact none of the bulls tested was completely 
sterile, but those of an average fertility of less 
tlhan 5 5 %  as computed for Table I, are con- 
sidered ,of little value as donors of semen for 
artificial insemination. 2. Although the cor- 
relation between the respiratory response and 
the fertility of the sperm samples in the field 
could not be tested on a larger scale than that 
rqmrted, the test is put forward at  this stage 
to make it available for more extensive trials 
by (other workers. Present experience suggests 
that the test may prove its usefulness in help- 
ing to detect bulls which produce semen of 
exceptionally high quality (type A ) ,  and also 
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T,IHLE 111. 1\fetaholisni of  Pyruvate in Spermatozoa. 
phate saline a t  3 7 ” ;  gas, air. Fumarate (.(I02 M)  and fluoride (.02 M) in all flasks. Pyruvate (.01 Jr} 

TY:tshed bull spermatozoa incubated in pllos-. 

unless otherwise stated. DSY, lo-’ 111. Volume, 4 ml. 

Z (,1/1OS spermatozoa/lir) 
Type of I \ 

iiietnbolic Incul-xition Sperm count P-ru- Lactic S e t  py- Ratio O,/net 
respoilre period, inin /flask x l o y  Additions O2 Yatc acid lura te  p p u v a t e  

__ _ _  ~ ~ _ _ _ _  ~ _ _  _ _ ~  
__ - - - 4.2 - 

x TO i . 9 2  { I’yruvate (.00.5 11) - 5.2  -2.5.3 +16,3 -9 .G 
” , D S P  -11.13 - 7.7 + 2.4 -3.3 2 2 

c ” 
1 ” 

I (’ 
1 

I 
c ( ’  

- - - - 8.(i - 
E 90 10.2 { l ’ y i y t e  -14.1 -30..7 +23.4 -7.1 2 

( ‘  CJI I 11.; { I ’yry4te  -11..3 -38.; +“.ti -9.1 1.3 r o  
, D S I ’  - l ( i  -1113 + 4.4 -8.1 2 

, D S P  -14.9 - 7.4 + 1.2 -6.2 2.4 

I )  120 9.1 { P ~ r l l l - a t e  - 9.1 -1’1.8 + 9 -3.5 2.4 
” . I)SP - 8.2 - i + 3.6  -3.4 2.4 

- __ - - 4.9 - 

- 6  - - - - 

_ ~ _ _ _ ~ _ _ _ _ _ _ _  ----- __- I____________ ~~ 

semen of poor fertilizing capacity (types B 
and D)  which, because of its good appearance 
and motility, might otherwise be considered 
satisfactory. The test may also be used for a 
periodic check on the quality of semen pro- 
duced by bulls of fluctuating fertility. 3. Fruc- 
tose, glucose, or lactate are not suitable as 
substrates since their utilization is in all cases 
increased by D W .  

Summary. Bull spermatozoa were graded 
according to their metabolic behavior on incu- 
bation with pyruvate, fluoride and 2 : 4-dini- 
trophenol. .I correlation was shown between 
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Studies conducted in this laboratory on the 
metabolism of vit. +A required a method for 
the quantitative determination of the concen- 
tration of this vitamin in stool. -4 search of 

the literature failed to reveal a satisfactory 
method. The procedure reported by ‘tliendt 
( 1 ) involves drying the stool with anhydrous 
sodium sulfate and subsequent extraction of 

__ __ vit. X with alcohol. This procedure is time 
consuming and may destroy Some Of the Vita- 
min. Wendt did not report the degree of re- 

*This study was aided by a grant from the Na- 
tional Vitamin Foundation. 


