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Metabolism of Glycine 
by Bovine Spermatozoa 

Early attempts to improve bovine 
semen diluents by the incorporation of 
glycine were unsuccessful ( I) , in contrast 
to the favorable response noted with sea 
urchin and fowl spermatozoa (2) .  Re-
cently, however, glycine solutions have 
been used in combination with egg yolk 
or milk to increase the survival time of 
bovine spermatozoa at  5'C (3, 4 ) .  

Recent studies (5) in this laboratory 
with glycine-1,2-C1"ave provided evi-
dence that glycine is metabolized by 
freshly collected bovine spermatozoa. Pre- 
viously, a metabolic role for glycine had 
received little consideration, since it ap- 
parently was not utilized (2, 6 ) .  

In a preliminary trial, 1.7 ml of whole 
semen containing 2 x 10"perrnatozoa 
was incubated in a diluent of heated 
skimmilk and 0.5M aqueous glycine 
(1/1) ( 4 )  containing 4 PC of glycine-
GI4. Respiratory CO,, collected in alkali 
during 3 hours of incubation at 37'C, 
was converted to barium carbonate and 
yielded a total of 11,700 count/min. 

Subsequent trials involved twice-
washed spermatozoa suspended in Ringer- 
phosphate buffer containing 0.001M 
adenosine triphosphate. In experiment I, 
0.0liM sodium formate was added as a 
metabolic trap ( 7 ) ;  0.01M glyoxylic acid 
was used similarly in experiment 2. For- 
mate was recovered by steam distillation 
and was oxidized with mercuric oxide. 
Respiratory CQ, and formate were radio. 
assayed as solid barium carbonate. Gly- 
oxylate was recovered as the 2,4-dinitro- 
phenylhydrazone and was radioassayed 
as such. Results of these two experiments 
are presented in 'I'able 1. Obviously, sper- 
matozoa are capable of metabolizing gly- 
cine. The products recovered indicate 
that the pathways involved may be simi- 
lar to those observed in other mam-
malian tissue ( 7 ) .  

Further evidence of the nature of gly- 
cine metabolism was sought by determin- 
ing thc glycine and glucose oxidation 

when one and when both substrates were 
available. IJniformly labeled glucose or 
glycine was employed in 0.01M concen-
tration with 10G count/min, per flask. 
Osmotic pressure was within normal lim- 
its for these cells (8 ) .  Each flask con-
tained lo9 spermatozoa in a final volume 
of 2 ml. The mean results of three trials, 
presented in Table 2, indicate that each 
substrate is utilized in the presence of the 
other under the conditions employed. Re- 
cent work has shown that glycine at  
0.01M concentration is detrimental to 
bovine spermatozoan survival ( 4 )  and 
therefore might be expected to reduce the 
production of CO, from glucose-C1*~ 
However, 0.liM glycine has been shown 
to increase spermatozoan survival (3, 4 ) .  

The action of glycine in reducing CO, 
production from g!~~cose-C'-~ awithout 
~eduction in total CO, production and 
the observation that glycine is tnetabol- 
ized lead to the postulation that glycine 
utilization may have a sparing effect on 
glycolysis in bovine spermatozoa. Obvi- 

Table 1. Formation ol labeled products 
frorn C14-1abeled glycine by bovine spernna- 
tozoa. Yields expressed per 10' cells for 
2 hours. 

Product 

Expt. 610, Gly-
For- oxy-
mate late 

y (count (count (count 
mole /'min) /min) i rnin)  

No. 1 
4 ycurie 

gly~ine 
Sformate 13 4240 2300 

No. 2 
2 ycurie 
glycine 28 2680 

2 ycurie 
glycine 
4-glyoxylate 10 1700 1040 

Table 2. Oxidation of qlucose and glycine 

in suspensions of bovine spermato7oa in 

Ringer-phosphate buffer, pH 7.1. Results 

expres~ed per 10Qeeils for 2 hours. 


Respiratory Con 
Substrate -- --

count/nrin ~moles 

Glycine-CJ4 
Glycine-C" t un-
labeled glucose 
(0.01M) 

Glucose-CI4 
Glucose-C1' -tun-
labeled glycine 
(0.01M) 

Glucose-C" 3un-
labeled glycine 
(0.1M) 

olasly such an effect may not account tor 
all of the benefit derived from glycine. 

'These studies are being extended to ob- 
tain additional information regarding the 
metabolism of glycine by bovine sper-
matozoa, particularly with regard to the 
nature of other possible intermediates and 
end-products. 

R. J. F~rpse 
Dairy Rreedir~g Research Center, 
Department of Dairy Science, 
Pennsylvania State Univerrity, 
University Park 
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Maternal and Sexual Behavior 
Induced by Intracraniai 
Chemical Stimulation 

A technique permitting chemical or 
electric stimulation, or both, of restricted 
brain areas in unanesthetized rats, and 
electroencephalographic (EEG) record- 
ing from these areas, has been developed 
and found to be of value ( I  ) . 

Implants are prepared as follows. Two 
Tygon-insulated copper or silver wires 
(0.1 mrn in diameter) are baked along 
the outside of No. 22 hypodermic tubing 
extending from 2 to 9 mm below the basc 
of a plastic holder (2 ) .  The wires lead 
from contact points on the holder ancl 
terminate a6 opposite sides of the end of 
the shaft as a bipolar stimulating-and- 
recording electrode. The implant shaft 
is permanently inserted in the brain 
while the anesthetized rat is held in a 
stereotaxic instrument. Four holes in the 
base of the holder permit rigid attach- 
ment to the skull with jeweler's screws. 

TWOor more days later, rats are 
placed in 3- by 3 .  by 2.5-ft boxes for 
stimulation testing. A small clip connects 
the implant to light overhead leads from 
a 0-to 12-v, 60 cy,/scc stimulator, or to an 
EEG machine. The clip also contains a 
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No. 30 metal cannula that penetrates the 
implant shaft to the depth of the elec- 
trode tips or lower. Seven feet of PE 
10 polyethylene tubing (0.024 in. in di- 
ameter) leads from the cannula to a 
microsyringe which can release a mini-
mum of 0.0001 cm3 of solution into the 
brain. All overhead leads are intertwined 
and spring-mounted, permitting repeated, 
controlled stimulation of a freely moving 
animal. Behavioral tests with a series of 
external stimulus objects are given be- 
fore, during, and after chemical stimula- 
tion, and placebo solutions and nonhor- 
monal neural excitants are used for con- 
trol brain injections during initial tests 
or retests. 

The technique is first being used to test 
whether there are "primary drive cen-
ters" under hormonal influence or control 
( 3 ) .Thus far, maternal and sexual be- 
havior have been elicited from separate 
brain loci in a series of males during stim- 
ulation with sodium testosterone sulfate 
in 0.09-percent saline, and, subject to 
verification, a mixture of a pure salt of 
estrone and a suspension of progesterone 
has induced hrat behavior in two females 
(4 ) .  Maternal behavior elicited during 
chemical stimulation includes nest build- 
ing and a persistent retrieving and groom- 
ing of litters of young. All aspects of 
mating behavior have been induced or ac- 
centuated. Attendant high-drive states" 
are suggested by an exaggerated speed, 
compulsiveness, and frequency of all overt 
responses during positive test periods. 

Although individual animals respond 
positively for up to 4 test days, duplica- 
tion of effect from animal to animal has 
imposed difficult problems. Of 130 male 
operates tested with the testosterone salt, 
five have shown complete maternal re-
sponse, 14 have shown nesting behavior 
only, and six have shown exaggerated 
sexual response. Histological data sug-
gest that locus of immediate action is a 
critical factor, with slight variation in 
placement leading to incomplete, con-
founded, or diffuse drive states, or nega- 
tive results. Initial findings tentatively 
implicate the medial preoptic area in 
maternal behavior and the lateral pre- 
optic area in sexual behavior. 

A variety of effects have been noted 
during testosterone stimulation at  adja- 
cent loci. Those seen in five or more cases 
include respiratory changes, diffuse hyper- 
activation, long-lasting exploratory-like 
behavior, repetitive localized muscular 
response, digging, leaping, and seizures. 

The  following list includes other sig- 
nificant points of departure from chem- 
ical- or electric-stimulation data reported 
in the literature. Since positive tkst re-
sponses completely transcend control be- 

havioral data, two single cases of possible 
theoretical significance are also briefly 
described. 

1) Elicited behavior, whether specific 
or diffuse, commonly continues without 
decrement for more than 90 minutes fol- 
lowing chemical stimulation. 

2)  An entire hierarchy of related rc-
sponses can be brought to the threshold 
of activation, with adequate stinlulus ob- 
jects insuring integrated behavior. 

3 )  A segment of a response hierarchy 
may occur alone. Excessive nest-building 
is often seen, and one aspect of the nest- 
ing pattern, "pick up paper and push 
under body," continued rapidly for more 
than 1 hour in three cases. 

4) Specific behavior has occurred in 
the absence of appropriate external stim- 
uli. One male continuously "retrieved" 
his tail when stimulated with testosterone 
and then repeatedly retrieved a female in 
heat, lVhcn pups and paper were sup-
plied, holyever, the male built a nest and 
Eetrieved and groomed the young, neg- 
lecting the objects to which he previously 
reacted. 

5 )  In  one case, maternal and sexual 
drives were activated simultaneously. 
The testosterone-treated male reacted to 
stimuli related to each drive and to a de- 
gree never shown in control tests. Double 
activation was most convincingly illus-
trated when a female (not in heat) and 
newborn rat pups were presented. The 
male attempted copulation twice while 
a pup he was retrieving to a nest was still 
in his mouth. Shaft placement was ad-
jacent to both arcas previously impli-
cated in sexual and maternal response. 

All effects have followed injection of 
minute amounts of solution, containing 
from 0.003 to 0.05 nsg of the testosterone 
salt. In  this conne~tion, it must be em-
phasized that the possibility remains that 
causative factors o t h ~ r  than hormonal 
properties may be operating. Thus far, 
however, control testing with neural ex-
citants, physiological saline, and electric 
stimulation has failed to produce or per- 
petuate these complex behavior patterns. 

Initial EEG data are promising. Rec- 
ords from six testosterone-treated "ma-
ternal" or "nesting" males have shown 
single spiking 1awfu:ly spaced in a nor-
mal record rather than the general spik- 
ing seen after picrotoxin or metrazol 
injection. Selective chemical action seems 
probable. Also, testosterone-induced spik- 
ing occurs before, not during, elicited 
overt behavior. Correlation of EEC 
changes with brain stimulation and with 
elicited response presents technical prob- 
lems but could become a powerful tool. 

The  early data suggest other implica- 
tions and further applications. 

1) A neurophysiological definition of 
drive seems within reach. The role of 
hormones in eliciting behavior should be 
clarified as well as the organization of 
neural circuits that mediate or integrate 
primary drives. Present data favor a 
"neural center" theory, but control. 
studies are needed. 

2)  Responses analogous to symptoms 
of mental dysfunction often occur during 
chemical stimulation. These include "ob- 
sessive-compulsive acts," tics, diffuse ex- 
citation, and states of hypo- and hyper- 
sensitivity to sensory stimuli. Further 
work may establish tie-ins between shifts 
in chemical balance in the central nerv- 
ous system and certain forms of mental 
dysfunction. 

3) Males having no adult contact with 
females, young, or paper have responded 
to chemical stimulation with integrated 
maternal behavior on the first trial. The 
data are pertinent to the problem of 
whether innate, centrally organized sens- 
ory-motor connections exist for complex 
response systems. 

4)  Testosterone has ostensibly elicited 
both sexual and maternal patterns. The  
findings may reflect multiple properties 
for the hormone. Limited progesterone- 
like activity has been proposed for the 
androgens by Selye, and progesterone has 
been linked to maternal response. 

5 )  Chemical stimulation has elicited 
long-lasting, integrated behavior that 
was free of lapse or interference. T h e  
data strongly suggest selective chemical 
action within the central nervous system. 
Further work may demonstrate that dif- 
ferential sensitivity to specific physiologi- 
cal change by functionally organized 
areas of the nervous system is a basic 
principle of neural functiorn. 
In summary, integrated, long-lasting 

drive states have been induced by direct 
chemical stimulation of brain loci. Fur- 
ther work with techniques of this type 
could well lead to breakthroughs in the 
study of pharmaceutical action, brain or- 
ganization and function, and the dynam- 
ics of behavior. 

ALANE. FISHER 
Department of Psychology, 
University of Wisconsin, Madison 
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A practical man is one who practices the errors of his f o r e f a t h e r s . - B E N J ~ ~ ~ I N  D I S K A E L I .  
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