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It has been adequately demonstrated by 
Mann and coworkers ( 1-4) that elaboration of 
fructose by the accessory sex organs ceases 
after castration and that it is readily resumed 
following the administration of testosterone. 
We were able to confirm and extend their 
findings(5,6). In a series of transfers of 
sperm from normal seminal plasma Ito plasma 
of castrate animals treated with testosterone 
and other steroids, i t  was shown by us( 5 )  that 
the rate of fructose utilization decreased by as 
much as 70% even though the seminal fruc- 
tose level was within or above the normal 
range. This justifies the speculation that the 
composition of seminal plasma obtained from 
such animals differs from that of the intact 
animal either because one or more con- 
stituents are lacking or because of a shift in 
the quantitative relationship of sume of the 
plasma componmts. Thus, it was desirable 
to more thoroughly characterize the nutrients 
in seminal plasma elaborated under various 
physiological conditions. 

I. Chromatography of seminal carbo- 
hydrates. I t  also became apparent that as far 
as the carbohydrate pattern of seminal plasma 
is concerned, the chemical methods used have 
not been adequate. While Mann and his co- 
workers( 1-3) demonstrated that the seminal 
sugar is not glucose but fructose, they also 
stated that other sugars may be present in 
minute quantities. Since, to our knowledge, 
no attempt has been made to verify these 
findings by more sensitive methods such as 
paper partition chromatography, it seemed 
pertinent that this procedure be employed. 

Experimental. The semen or seminal plasma 
was extracted with 80% ethanol and the pre- 
cipitated proteins were removed by centrifu- 
gation. The supernatant extract was reduced 

*This work was supported in part by Ciba 
Pharmaceutical Products, Summit, N. J., A m u r  
and Co., Research Division, and the Bureau of 
Dairy Industry, Agricultural Research Administra- 
tion, Department of Agriculture. 

to dryness at 50°C and the dry residue diluted 
with 10% isopropyl alcohol to one-half the 
original volume. This extract concentrate 
was chromatographed in one dimension using 
the method outlined by Patton( 7 ) .  

I t  was evidmt that only one sugar, namely 
fructose, was found in the semen of these 
bulls regardless of whether they were normal, 
vasectomized, or castrated and restituted with 
testosterone. It was also evident that the 
separation of the various sugars on the paper- 
gram is specific and critical whether this was 
done with mixtures of pure sugars or when 
such sugars were singly or in mixtures incor- 
porated with the seminal plasma to be 
chromatographed. The addition of glucose to 
a semen sample containing fructose resulted 
in the appearance of 2 definite spots, glucose 
always being in the lower position. The con- 
centration of sugars in spots obtained on 
paper following the development with either 
the Seliwanoff reagent or aniline hydrogen 
phthalate was measured with a Densichron. 
We were able to correlate reasonably well the 
fructose values obtained by chromatography 
with results of standard chemical analyses. 

11. Chromatography of free amino acids in 
bull semen. Little is known with respect to 
the free amino acids of seminal plasma. Tyler 
and Lord Rothschild(8) offered ample evi- 
dence that amino acids play an important role 
in the physiology of the sex organs. For in- 
stance, they found that certain amino acids 
increase the life ,span of sperm of Ithe sea 
urchin but are not used up metabolically in 
this relation. Lorenz and Tyler(9) showed 
that glycine afforded protection to sea urchin 
sperm against damage from ultraviolet and 
visible light. It has been demonstrated that 
the metabolism of prostatic amino acids is aIso 
influenced by testicular hormones as has been 
shown to be the case With Seminal sugars, for 
Marvin and Awapara(l1) fmnd a striking 
variation in concentration of free amino acids 
in the prostate of the intmt rat as compared 
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FImG. 1. Paper chromatogram of free amino acids in normal bull semen. 

with the castrated animal. They further ob- 
served that androgen therapy caused a return 
of prostatic amino acids but the normal dis- 
tribution pattern was not attained. Awa- 
para( 12)  later indicated possible pathways of 
amino acid metabolism in the rat prostate. 
Thus, it seemed pertinent to examine the free 
amino acid pattern of semen from n o d  
bulls and fmm animals which had been sub- 
jected to various experimental alterations of 
the reproductive system. 

Experimental. A. Free amino acid content 
of nmmd bull semen. Seminal plasma or 
whole semen was extracted by a method 
similar to that used for the carbohydrates( 13). 
The extract concentrate was chromatographed 
in 2 dimensions according to the method of 
Williams and Kirby(l4) for qualitative esti- 
mation of free amino acids. Since separation 

of these amino acids was subsequently accom- 
plished in one dimension using 80% phenol 
this was used thereafter. 

Fig. 1 shows a typical one dimensional 
chromatogram of the 5 free amino acids found 
in normal bull semen. In  the order of decreas- 
ing concentration they are glutamic acid, 
alanine, glycine, serine, and aspartic acid. The 
last column illustrates the separation of the 
acids from a .02 molar reference amino acid 
mixture. The concemtration of any one of the 
5 amino acids found was about the same in 
plasma and in whole semen. When the latter 
was incubated for 3 hours in order to permit 
metabolism of fructose by sperm, none of these 
amino acids was apparently utilized. This 
parallels the observation of Tyler et al. (8). 

Densitometric measurements of amino acids 
were employed using a photoelectric scanning 
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ESTIMATtON OF THE FREE AMINO ACIDS IN BULL SEMEN. 
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device, the Welch Densichron. The chromato- 
graphic pattern of the amino acids present i,n 
plasma sptximens was measured using a paper 
guide, developed by Patton and Chism( 15) 
by means of which % inch strips cut through 
the vertical axis of a finished chromatogram 
may be moved across the scanning probe in 3 
rnm increments with a 3 mm light aperture for 
illumination so that the strip can be studied 
in its entirety, The results of a typical meas- 
urement can be seen in Fig. 2. The optical 
densities of the various spots are plotted 
against the R, in millimeters. The solid line 
represents the .02 M concentration of each 
acid while the dash line shows the concentra- 
tion of the same acids at .OOS M. The cross 
line indicates the pattern found in normal bull 
semen with glutamic acid showing the highest 
peak followed by alanine which gives a more 
diffused peak for both the seminal extract and 
the reference amino acids. The area enclosed 
by the curves represents the total concmtra- 
tion of a given amino acid in a spot. Although 
planimetric computation of such areas is more 
reliable, it is too tedious to be practical. It has 
been shown, however, that under properly 

controlled mnditions the peak-density method 
is considerably faster and affords a rewnably 
accurate means of amino acid quantitation 
(15). After preparing standard curves for 
each individual amino acid the peak-height 
density values were translated into micromoles 
per 100 ml of fluid. 
B. Free amino acid content of accessory 

sex organ fluids in the normal bull. In order 
to determine the site of production of the free 
amino acids found in bull semen, the seminal 
vesicles, ampullae of the vasa deferentia, and 
the epididymi of 4 normal ~ h l l s  were obtained 
at slaughter. It was not difficult to secure up 
to 10 ml of seminal vesicular fluid and up to 
1 ml of fluid from the ampullae. It was, 
however, impossible to express a sufficient 
amount of prostatic fluid without contamina- 
tion from the tissue which surrounds this 
organ. The results of the estimation of amino 
acids are shown in Fig. 3. It is apparent that 
seminal vesicular fluid had an amino acid 
pattern similar to that found in seminal 
plasma with the exception that alanine and 
not glutamic acid was predominant. The am- 
pullar fluid, however, s h e d  a much higher 



40 SEMINAL , h I N O  ACID, CARBOHYDRATE PATTERN OF BULLS 

FREE AMINO ACID CONTENT OF ACCESSORY 
sR( ORGAN FLUIDS IN THE NORMAL BULL. 
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concentration in total acids per unit volume; 
a sixth amino acid, tyrosine, was found in 3 
out of 4 specimens although in small quantity. 

I t  was not possible to obtain fluid from the 
epididymi in quantities sufficient for analysis. 

C. The effect of castration and testosterone 
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on the free amim acids in bull semen. Fig. 4 
shows the effect of castration and subsequent 
testosterone therapy on the amino acids in 
normal bull semen. The 5 free amino acids 
disappeared within 10 days after castration. 
Administration of testosterone propionate 
(Perandren, Ciba) a t  2 0 0  mg every 48 hours 
caused a return, within 3 weks  of alanine, 
glutamic acid, and serine at considerably 
lower levels. Glycine returned at a much 
slower rate while aspartic acid remained 

absent. Glutamic acid suffered the greatest 
loss whereas danine was less affected. Al- 
though steroid therapy was discontinued after 
38 days of treatment, the amino acids re- 
mained at a sub-normal level for another 5 1  
days; thereafter, none was found. Upon the 
resumption of testosterone therapy for 17 
days, a return of some of the amino acids was 
noted, but again, in no instance did this treat- 
ment result in a restitution to normal levels. 
The rapid loss of amino acids occurring when 
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the steroid was again withdrawn is in contrast 
to the sluggish response of amino acids to 
earlier testosterone administration and with- 
drawal. 

D. Effect of vasectomy and testosterone on 
the free amino acids in bull semen. -4 rather 
unexpected response was obtained following 
vasectomy. As seen in Fig. 5 the semen of 
this bull showed a normal amino acid concen- 
tration before vasectomy while 30 days later 
a marked decrease was noted; glutamic acid 
showed the greatest loss. Fifty-three days 
after vasectomy and for 2 months thereafter 
the seminal plasma contained no detectable 
amino acids. (In 2 instances trace amounts 
of glutamic acid were found). Testosterone 
propionate (Perandren, Ciba) was then ad- 
ministerd at 100 mg every 48 hours. Seven 
days later the amino acids began to reappear. 
They returned to almost normal levels with 
respect to alanine and glycine but not with 
respect to glutamic acid. The amino acids 
disappeared from the plasma a week after 
testosterone was withdrawn. As demon- 
strated in Fig. 6 fructose disappeared rapidly 

after castration and returned with equal 
rapidity upon testosterone therapy. The 
amino acids behaved similarly but with de- 
layed response, especially during the early 
post-castration period. Certainly there is a 
similarity in behavior of these seminal com- 
ponents in the castrate. Since in the vasecto- 
mized animal the testes remain in situ and 
since the testicular hormones continue to be 
elaborated, it could be expected ,that no loss 
in seminal sugar will occur after vasectomy. 
This is actually the case as shown in Fig. 7 
which demonstrates that the seminal fruotose 
remained high. Curiously, however, the free 
amino acids were absent by the 50th day after 
vasectomy. On the other hand, the adminis- 
tration of testosterone, while having no effect 
on the fructose level, resulted in a return of 
amino acids to near normal levels. The amino 
acids disappeared again when the steroid was 
withdrawn. Further experimentation is in 
progress in an attempt to explain this be- 
havior. 

Summary. 1. Methods of characterization 
and estimation by paper partition chromatog- 
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raphy of carbohydrates and free amino acids 
in semen and accessory sex organ fluids of the 
bull are described. 2. Fructose was the only 
sugar found in semen and in fluids expressed 
from the accessory sex glands. The measure- 
ment by paper chromatography agrees well 
with the results of chemical methods. 3. The 
five amino acids found in free form in m e n  
were glutamic acid, alanine, glycine, serine, 
and aspartic acid. They are apparently not 
utilized by spermatozoa during the process of 
fructolysis. 4. This pattern was similar in 
fluids obtained from seminal vesicles and the 
ampullae vasa deferentia except that alanine, 
not glutamic acid, was predominant. A trace 
of tyrosine was found in ampullar fluid. 
5 .  Seminal fructose and amino acids were com- 
pletely lost after castration. While testos- 
terone therapy caused a ,rapid return of sem- 
inal fructose, the normal levels of amino acids 
were only partially restored. 6.  Vasectomy, 
contrary to expectations, resulted in a total 
depletion of seminal amino acid5 even though 
the testes remained in situ. That the testes 
continued to function normally with respect 
to androgen secretion was borne out by the 
fact that masculine behavior, sex drive and the 
level of seminal fructose were not affected by 
vasectomy. 7. Treatment with testosterone 
propionate, however, restored seminal amino 
acids to significantly higher levels. Seminal 
fructose remained unchanged. 

The authors gratefully acknowledge the coopera- 
tion of Dr. H. J. Hill, Artificial Insemination Unit 
and Dr. A. R. Patton, Department of Chemistry, 
Colorado A & M College, as well as tbe generosity 
of F. E. Houghton, Ciba PharmaceuticaI Products, 
Summit, N. J., in supplying Perandren (testosterone 
propionate). 

~~~ ~ 

1. Mann, T., Bwchem. J., 1945, v39, 458. 
2. - , Biochem. J., 1946, v40, 481. 
3. Mann, T., Davies, D. V., and Humphrey, G. F., 

4. Mann, T., and Lutwak-Man, C., Physiol. Revs., 

5. Gassner, F. X., Recent Progress in Hormone 

6 .  Gassner, F. X., Hill, H. J., and Sulzberger, 

7. Patton, A. R., J .  Chem. Ed., 1950, v27, 574. 
8. Tyler, A., and Lord Rothschild, ~ O C .  SOC. 

E m .  BIOL. AM) MED., 1951, v76, 52. 
9. Lorenz, F. W., and n l e r ,  A,, hoc .  Soc. EXP. 

10. Giese, A. C., and Wells, P. H., Sdence, 1952, 

11. Marvin, H. N., and Awapara, J., PROC. SOC. 

12. Awapra, J., Terns Reports on B i d .  und Med., 

13. Patton, A. R., J .  Chem. Ed., 1950, v27, 60. 
14. Williams, R. J., and Kirby, H., Science, 

15. ,Patton, A. R., and Chism, P., Analytical Chem., 

J .  Endocrinol., 1949, v6, 75. 

1951, v31, 27. 

Reseurch, 1952, v7, 165. 

L., Fertility and Sterility, 1952, v3, 121. 

BIOL. AND Mm., 1951, ~78, 57. 

v115, 239. 

Em. BIOL. AND MED., 1949, v72, 93. 

1952, v10, 22. 

1948, ~107, 481. 

1951, v23, 1683. 

Received June 16, 1952. P.S.E.B.M., 1952, v81. 

Effect of Castration and Steroid Therapy on Seminal Plasma with ‘Respect 
to Fructose Utilization by Normal Bull Sperm.* (19772) 

F. X. GASSNER, E. R. RUTHERFORD, M. L. HOPWOOD, AND H. J. HILL. 
From the Endocrine Section, Experiment Station and Artificial Insemination Unit, Colorado 

A and M College, Fort Collins, Colo. 

The demonstration by Mann (1) that fruc- 
tose and not glucose is the glycolyzable reduc- 
ing sugar present in mammalian semen stimu- 
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lated considerable interest in sperm physiolo- 
gy from a new and different viewpoint. 
Seminal fructose is elaborated by the acces- 
sory male reproductive organs under the con- 
trol of the testis hormones and represents the 
principal nutrient substrate for the metabolic 
activity of spermatozoa. This was shown in 
various animals by Mann and coworkers( 2-7). 
These authors were able to show that fructose 


