
COMPOSITION OF BOVINE SPERMATOZOA 53 

concentrations of barbiturates necessary to in- 
hibit phosphorylation and those necessary to 
inhibit respiration. 

McElroy ( 12 ) proposed that narcotics act 
not by merely depressing the respiratory rate 
of nervous 'tissue but by inhibiting some 
energy-yielding process, notably phosphate 
bond turnover, thereby depressing or abolish- 
ing neuronal activity. A recent paper by West- 
fall( 15) indicartes that small doses of bar- 
biturates produce a small increase in the 
oxygen consumption of rat cerebral slices. 
Our data show a similar effect with particu- 
late preparations (Fig. 1 ) . Thus, barbitu- 
rates are no exception to the suggestion of 
Lardy and Elvehjem( 16) that compounds 
which speed up the metabolic rate a t  the same 
time decrease the available energy by allow- 
ing respiration to take place without phos- 
phoryla tion. 

Further evidence that the mere depression 
of the respiration of the brain is inadequate 
to explain 'the pharmacologic effects of these 
compounds is shown by comparing the meta- 
bolic deficiencies of the brain in hypoglycemic 
coma and in thiopental anesthesia( 17). In 
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the former, metabolic rate and nervous ac- 
tivity fall equally; while in the latter, the fall 
in metabolic rate is small when the narcosis 
is deep. Larrabee, et aZ.( 18) have also shown 
in studies on excised superior cervical ganglia 
that nervous activity may be depressed mith- 
out a proportionate fall in oxygen consump- 
lion. All of which indicates that barbiturates 
may depress nervous activity in vivo by un- 
coupling oxidation from phosphorylation. 

It has been shown that thio- 
pental, pentobarbital and amobarbital lower 
the phosphate : oxygen uptake ratio obtained 
in panticulate tissue preparations from liver 
and brain respiring on a pyruvate substrate. 
This depression is obtained at  concentrations 
of the drugs which have only a slight effect on 
the oxygen uptake of the preparations and 
which approximate (those which are necessary 
in vivo $0 produce surgical anesthesia. It is 
postulated that such an uncoupling of phos- 
phorylation from oxidation may be one of !the 
ways in which barbiturates act to produce 
anesthesia. 
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Information on the chemical composition of 
spermatozoa is fundamental to a better under- 
standing of the functional significance of the 
male gamete in the fertilization process as 

well as its contribution to subsequent develop- 
mental processes. There have been in the 
past several investigations dealing with vari- 
ous aspects of &is problem. The work of 
Kossel( 1) on the protamines of fish sperm 

of basic proteins is an example. More recent- 
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ly. Zittle and C)'De11(2) determined the me- 
thionine content oi bovine spermatozoa and 
Sarkar et a l . ( 3 )  reported values on several 
amino acids found in sperm of the same 
species. 

Data are presented here on 17  amino acids 
present in bovine spermatozoa as well as on 
the total nitrogen. total lipid, total phosphorus, 
and ash content. 

Materials. Preparation of sperntatozoa. Se- 
men samples were collected at weekly intervals 
from 7 bulls used for artificial insemination in- 
vestigations at  Iowa State College. Jlicroscop- 
ic examination of the semen samples used in 
this work indicated that little, if any. contami- 
nating material such as tissue debris or leuco- 
cytes was present. Each ejaculate ranging from 
3 to 7 ml was diluted with two volumes of 
buffered 0.9 per cent KaC1 (pH 6.8) and 
centrifuged. The supernatant fluid was aspi- 
rated and the spermatozoa were resuspended 
in buffered saline and allowed to stand 10-15 
minutes before centrifuging. The sperma- 
tozoa were washed 8 to 10 times in a similar 
manner with buffered saline and finally 
washed once with distilled water. The samples 
of the washed spermatozoa were dried at  
lOS'C, coniposited. and stored for chemical 
analyses and microbiological assays. Ap- 
proximately 700 mg of material were prepared 
for use in this work. 

Total nitrogen was 
determined by the micro-Kjeldahl method, 
total lipid by ether extraction of moisture- 
free material, and ash by ignition after adding 
sulphuric acid. Phosphorus was determined 
gravimetrically according to a procedure de- 
scribed by Elek(4) and Elek and Hill(5). 
The amino acids were determined by micro- 
biological assays and the response of the 
test organism was determined titrimetrically. 
Acid hydrolysis mas used in the preparation 
of dried bovine spermatozoa for the amino 
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acid assays except for tyrosine and tryptophan 
where alkaline hydrolysis was employed. 
Leucine, isoleucine, and valine were de- 
termlined by use of Lactobacillus arabinosus 
17-5 b y  a modification of the procedure de- 
veloped by Shankman(6). The media as 
used in these determinations contained all of 
the recognized nonessential amino acids and 
0.6% ammonium chloride, 2% dextrose, and 
1.2% sodium acetate. Tryptophan was de- 
termined in a similar medium but ammonium 
chloride was omitted. Glvtamic acid was 
assayed according to the method of Dunn 
et al.( 7) and ammonium chloride was added 
to the medium. Leuconostoc mesenteroides 
P-60 was used in determining lysine, histidine 
and phenylalanine employing methods de- 
scribed by Dunn et a l . (8 - l l ) .  Glycine was 
determined according to Shankman et d. 
(12,13)  using the same organism. An un- 
published procedure with L. mesenteroides 
P-60 by Shankman was used for the assay of 
serine, proline, and aspartic acid. The amino 
acid level in these media was 1.33 times that 
employed in the previously indicated lysine 
assay. Incubation time was 3 days. Hy- 
droxyproline and norvaline were omitted from 
the media used in determining these amino 
acids. Cystine was assayed with L. mesen- 
teroides P-60 according to Camien and Dunn 
( 14).  Hydrolyses with 1 : 1 hydrochloric- 
formic acid under reflux and with 10% hydro- 
chloric acid in a sealed tube gave identical 
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data for this amino acid. 
Lactobacdlus fermenti 36 was used for the 

threonine and methionine assays and the pro- 
cedure of Dunn et a1.(15-17) was followed. 
Threonine was also assayed with Strepto- 
coccus faecalis according to Stokes et d. ( 1 8 ) .  
Arginine and tyrosine were determined with 
Luctobacillus casei according to Shankman 
et al. ( 19) and this medium was modified to 
contain 2% dextrose, 1.2% sodium acetate, 
and all the amino acids indicated except 
hydroxyproline, norleucine, and norvaline. 
Two assays, at  2 different dilutions of hydroly- 
zate, were made for each amino acid. A con- 
trol assay on casein hydrolyzate was also made 
with each amino acid determination and the 
entire assay was repeated if the results ob- 
tained did nat agree with accepted values in 
the literature for casein. A common complete 
vitamin mixture was used for all assays. 
Furthermore, in evaluating ;the analytical 
data presented here, it is necessary to stress 
that amino acid assays on whole sperm do not 
differentiate between free amino acids which 
may be present in the cell and those constitut- 
ing protein molecules. 

The total nitrogen content of 
bovine spermatozoa was found to be 16.7% 
on a moisture- and lipid-free basis. Analyses 
o€ dry sperm showed a total lipid content of 
1.276? ash 1.1%, and total phosphorus 2.3%. 
The results of the amino acid assays are pre- 
sented in Table I. 

Discussion. Dried *bovine spermatozoa are 
high in total nitrogen as indicated by the data 
presented here. The average value of 16.7% 
is somewhat lower than the value obtained by 
Sarker et d. ( 3 ) .  Arginine is the most abund- 
ant amino acid present in the sperm cell and 
the value of 15.0% obtained in this work 
is much lower than the 25.47% reported by 
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TABLE I. Amino Acid Oomposition of BQvk! 
Spermatozoa. Wulh expressed in 96 on a mois- 

ture, a h ,  and liplid-free bash. 

Assay1 Assay2 
Amino acid % % Avg% 
Arginine 
A8partic acid 
Cysthe 
Glutamic acid 
Glycine 
Eistidine 
Isoleucine 
Leucine 
Lpine 
Methionine 
P heny lala nine 
Proline 
Serine 
Threonine 
Tryptophan 
Tyroaine 
Valine 

15.4 
5.0 
2.8 
6.2 
3.5 
1.7 
2.4 
4.6 
4.3 
1.5 
2.6 
3.1 
4.4 
3.3 
1.0 
4.6 
3.2, _-- 

14.6 15.0 
5.0 5.0 
2.7 2.8 
6.6 6.4 
3.6 3.6 
1.7 1.7 
2.5 2.5 
4.4 4.5 
4.5 4.4 
1.4 1.5 
2.7 2.7 
3.1 3.1 
4.5 4.5 
3.1 3.2 
1.0 1.0 
3.9 4.3 
3.3 3.3 

Sarkar et al. (3). Furthermore, the histidine, 
lysine, tryptophan, phenylalanine, leucine, 
isoleucine, and gluhmic acid data presented in 
Table I are lower than those presented by 
Sarkar et aL(3 ) .  However, there is good 
agreement between both sets of data for 
methionine, threonhe, and valine. Zittle and 
O’Dell(2) have reported the methionine con- 
tent of bovine sperm as 1.92% on a moisture- 
and lipid-free basis. 

The bovine spermatozoon may be character- 
ized as a cell with a small amount of cyto- 
plasm and a large nucleus and, as a result, 
this cell is relatively high in nucleoprotein. 
It is of interest that tryptophan occurs in 
small amounts in this cell as indicated by the 
data in Table I. 

It was found by Melampy(20) in a cyto- 
chemical study of the amino acids of the 
chicken erythrocyte that the tryptophan con- 
tent of the nuclei was low. Mirsky and Ris 
( 2 1 )  in their work on the composition of 
chromosomes have found a small amount of 
tryptophan in the histones of fowl erythro- 
cytes. Methionine and histidine are also 
present in relatively low concentrations in the 
bovine sperm cell. 

Summary. The chemical composition of 
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589. 
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bovine spermatozoa has been determined. amino acids were determined by microbio- 
Data are presented1 including totaI N, total 

lipid, ash’ and phosphorus’ Seventeen Received April 10: 1951. P.S.E.B.M., 1951, v77. 

logical assays. 

One Stage Method of Hepatectomy in the Dog.* (18676) 
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Complete removal of the liver from dogs 
has been achieved by various methods( 1-3 ) . 
The following new, one-stage method has 
given satisfactory results to the authors and 
can be executed without great difficulty. The 
abdomen having been widely opened, and the 
incision kept apart with a self retaining re- 
tractor, the gastro-hepatic omentum is cut, 
after the portal vein has been freed from all 
other structures. The portal vein is cut 
against the liver, introduced into a small 
metallic tube according to Queirolo’s meth- 
od(4) and implanted sideways into the vena 
cava above the renal veins. The liver is then 
severed from the abdominal wall. When this 
is done, a strong thread is placed around the 
vena cava against the diaphragm in order to 
prevent the reflux of the blood from the heart. 
The flow of the blood to the liver has been 
previously stopped by 2 clanips placed one on 
the vena cava and the other on the portal vein 
upstream from the portal-cava fistula. Then 

A detailed description oi the procedure is given 
in English in a paper to ,be published in Arch. Inter- 
nut. de Pharmacodynamip pt de Thdrapie. 
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a veinous graft which is to replace the intra- 
hepatic part of the vena cava is put into posi- 
tion, The graft is the intra-thoracic part of 
the vena cava of another dog used in a pre- 
vious operation; it has been kept at  0°C in 
Tyrode solution to which penicillin and a sul- 
famide have been added. After the vena cava 
od the dog has been cut transversely under the 
liver and against it, the inferior part of the 
graft is inserted into the caudal segment of 
the vein and fixed above the portal-cava fis- 
tula. The other end is introduced into the 
intra-hepatic part of the vena cava and pushed 
upwards until it finds its place between the top 
edge of the liver and the diaphragm. The 
ligature lying behind the liver is then firmly 
tied on it. The clamps placed en the portal 
vein and the vena cava being taken away, one 
proceeds to the extirpation of the liver after 
having split the intra4hepatic part of the vena 
cava from the lower end to the top. 

Dogs which have undergone this operation, 
performed with an aseptic technic, survived 
for 12-14 hours. Death occurs from circu- 
latory collapse. To restore the vascular tonus, 
we resorted to the use of a hydrosoluble de- 
rivative of desoxycorticostemne added in suf- 
ficient quantity to the glucose solution, which 
is injected, drop by drop, into a vein. The 
survival of 3 dogs which received this treat- 
ment, was respectively 16, 26 and 31 hours. 
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