
for 5 minutes. With either enzyme, 
all vasopressor activity was lost during 
a 2-hour incubation. Samples incubat- 
ed without trypsin or chymotrypsin re- 
tained full activity. 

Formation of the polypeptide simi- 
lar to angiotensin I occurred only in 
incubated reaction mixtures of adrenal 
extract and renin substrate. No vaso- 
pressor product was found in incubat- 
ed mixtures that omitted either adrenal 
extract or renin substrate. Similarly, 
unincubated mixtures containing adre- 
nal extract and renin substrate did not 
contain a vasopressor compound. 

In eight other experiments, the 
renin-like activity of paired adrenal 
glands was compared with that of kid- 
neys and whole blood. After a rabbit 
was killed, the thorax and abdomen 
were opened, and blood (3 to 4 ml) 
was taken by puncture of the left ven- 
tricle. The syringe contained heparin 
to give a final concentration no greater 
than 20 units per milliliter of blood. 
Then the adrenal glands and kidneys 
were removed. The dialysis and extrac- 
tion procedures were as described, ex- 
cept that whole blood was not ho- 
mogenized or diluted with water. The 
erythrocytes were hemolyzed by freez- 
ing and thawing. The incubation mix- 
tures were scaled down proportionately, 
so that 0.5-ml samples of tissue ex- 
tracts could be used. Incubation re- 
actions were stopped after 15 minutes 
(kidney) to 60 hours (whole blood) by 
heating in a boiling water bath for 5 
minutes. The clear supernatants col- 
lected after centrifugation were assayed 
for angiotensin. With an initial renin 
substrate concentration of 1000 ng of 
angiotensin content per milliliter, ad- 
renal extracts released angiotensin at 
rates of 13 to 54 ng per hour per gram 
(wet weight) of original tissue, that is, 
at rates about 10 to 40 times greater 
than that of whole blood. Kidney ex- 
tracts were 250 to 800 times more 
active than adrenal extracts. 

These data show that the rabbit ad- 
renal gland contains an enzyme that 
is like renin in the following respects. 
The enzyme is nondialyzable, is sta- 
ble for several hours at pH 2.6, 4?C, 
and does not have an absolute re- 
quirement for those metals chelated 
by EDTA and BAL (13, 18). It reacts 
with renin substrate to form a product 
capable of causing a quick, transient 
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bath but is inactivated by trypsin and 
chymotrypsin. On countercurrent dis- 
tribution, the product behaves like an- 
giotensin I and very unlike either 
known form of angiotensin II. The 
activity of the renin-like enzyme in 
adrenal glands was 10 to 40 times 
that of whole blood and could not be 
accounted for by trapped blood or 
plasma. 

Whether this enzyme has access to 
and reacts with renin substrate in vivo 
remains to be determined. However, 
in view of the profound effects of an- 
giotensin on aldosterone and catechola- 
mine secretion, it is possible that the 
adrenal enzyme, by releasing angioten- 
sin, influences adrenal secretions. 

JAMES W. RYAN* 

Department of the Regius Professor 
of Medicine, University of Oxford, 
Oxford, England 
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Efficiency of the First Component 
of Complement (C'1) in the 

Hemolytic Reaction 

Abstract. With the use of the first 
component of guinea pig complement 
(C'I) labeled in vivo with l'C-amino 
acids, we have obtained evidence that, 
runder the conditions required for the 

assay of C'1, each molecule of C'l 
capable of interaction with cell surface 
antigen-antibody complexes is capable 
of initiating the reaction sequence that 
leads to lysis of the cell. 

The lysis of cells by antibody and 
complement (C') results from the se- 
quential interaction of cell-surface anti- 
gen, corresponding antibody, and the 
nine recognized components of C' (1). 
Analysis, on a molecular basis, of the 
interaction of the complement com- 
ponents has been possible since the de- 
velopment of modern tools of molecu- 
lar biology and the introduction of 
the single-site (one-hit) theory of im- 
mune hemolysis. 

The single-site theory of immune 
hemolysis states that the completion of 
the complement reaction-sequence at 
a discrete site on a cell surface is 
necessary and sufficient for lysis of the 
cell (2). This theory, however, does not 
exclude the possibilities that hemo- 
lytically inactive C' components may 
participate in the reaction sequence at 
a site that does not lead to lysis nor 
that more than one molecule of any of 
the C' components may act at a single 
site. Molecular analyses of the hemo- 
lytic dose-response curves for C'l a 
(the activated form of the first com- 
ponent of C') of guinea pig and human 
complement indicated that a single ef- 
fective molecule of this component is 
sufficient to initiate the reaction- 
sequence leading to lysis of the cell 
(3). Because these measurements were 
based solely on hemolysis, however, 
it was not possible to determine wheth- 
er every molecule of C'la was hemo- 
lytically active. 

Becker (4) has shown C'la to be 
an enzyme whose substrates are C'4 
and C'2 (4, 5). Reutilization of C'l a 
due to transfer from site to site at the 
cell surface may lead to an over- 
estimation of hemolytic C'la. Hemo- 
lytic C'la is assayed under condi- 
tions where transfer of C'l a from 
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estimation of hemolytic C'la. Hemo- 
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tions where transfer of C'l a from 
site to site at the cell surface is about 
1 percent (3), and therefore it cannot 
be reutilized to any significant degree. 

In the assay of C'la one could un- 
derestimate C'l a content owing to in- 
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efficient conversion of SAC'la,4,2a to 
a lytic site (6). It has been shown that 
under the conditions for the assay of 
C'2 the efficiency of conversion of 
SAC'la,4,2a to a lytic site by C'EDTA 
(7) is about 70 percent (8). The num- 
ber of hemolytically effective C'la 
molecules is calculated by correcting 
for the efficiency of conversion of 
SAC'la,4,2a to a lytic site. 

Recently evidence was reported that, 
under conditions for the assay of C'2 
activity, some SAC'4 sites that were 
reactive with C'2 could not be con- 
verted to a lytic site (9). In the same 
report it was also shown that the 
hemolytic assay of C'la activity is not 
affected by the presence of such sites 
on EAC'4 (10). 

In this report evidence is presented 
that, under the conditions required for 
the assay of C'la (3), each molecule 
of guinea pig C'la capable of inter- 
action with cell surface antigen-anti- 
body complexes is also capable of gen- 
erating a hemolytic site. 

Each of five Hartley guinea pigs was 
injected with a yeast protein hydroly- 
sate-14C (0.5 mc/kg of body weight) 
(11). The guinea pigs were injected 
either intravenously or intraperitoneal- 
ly and were bled by heart puncture 
3 to 3/2 hours after the injection. Pre- 
liminary investigation showed maxi- 
mum incorporation of label into C'la 
protein 3 hours after injection of the 
14C-protein hydrolysate. 

Serums from these guinea pigs were 
pooled and a euglobulin precipitate of 
the serum pool was prepared by the 
method described by Borsos and Rapp 
(3). The precipitate was resuspended 
in 0.15M NaCl and a 1.2-ml portion 
was divided into three aliquots, each 
of which was centrifuged in a 10 to 
30 percent sucrose density gradient 
(ionic strength = 0.065) at 25,000 
rev/ min for 17 hours (SW 40 rotor, 
Spinco model L ultracentrifuge). Frac- 
tions containing high C'1 a activity 
were pooled. The pool contained 274 
Fug of protein per milliliter (12) and 
1.60 X 1013 hemolytically effective 
molecules of C'1 la per milliliter (13). 

Portions of a 1/10 dilution of this 
preparation of partially purified, 14C- 
la`beled C'la were mixed with sheep 
erythrocytes (E) or with sheep erythro- 
cytes sensitized with Forssman anti- 
body (EA) (14). After a 20-minute in- 
cubation at room temperature, the cells 
were separated from the supernatant 
fluid by centrifugation. The uptake of 
C'la was estimated by measurement of 
the cell-bound C'la by the C'la fixa- 
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Table 1. Efficiency of 4C-labeled guinea pig C'la (cpm - counts/min). 

Effective Radioactivity (cpm/ml) t Hemolytically effective C' la 
Cell C'la Per- 

concen- molecules Partially Uptake cent C'la/ 
tration (% uptake*) purified by of Molecules total Effi- 

on 
(cells/ ________ prepa- label per pro- - ^ 
MI) 

------- 
E ration on milliliter tein clen 

EA E (initial) EA E EA ( % ) 

Experiment 1 
1 X 10? 6460 670 20 10 1.60 ? .08 X 10'1 9.7 0.97 

Experiment 2? 
1 X 109 97.4 4.1 7520 710 0 8.4 
2 X 109 98.5 5.3 6740 570 0 9.4.07 8.7 0.98 

* Between 76.7 and 84 percent of bound C'la was detected on the cell surface by C'la fixation and 
transfer test. t Duplicate samples differed by less than 10 percent. $ Molecular weight of C'la 
estimated to be 1,000,000. ? Efficiency is the ratio of the percent of the total protein as hemolytically 
effective C'la to the percent uptake of radiolabeled protein. ? Experiment 2 was performed 1 
week after experiment 1. There is a slight loss of hemolytic C'la activity as well as a reduction of 
the uptake of radioactivity by EA due to gradual inactivation during storage of the preparation. 

tion and transfer test (15) and by de- 
termination of C'la remaining in the 
fluid phase by titration of C'la ac- 
tivity. Portions of these cell prepara- 
tions and supernatant fluids were as- 
sayed for 14C content in the follow- 
ing way. One-tenth-milliliter aliquots 
of the supernatant fluids were dissolved 
in 1 ml of NCS reagent (obtained from 
Nuclear-Chicago Corp.). The cell prep- 
arations were washed four times in 
veronal buffered saline-sucrose solu- 
tion (14) (ionic strength = 0.065) and 
then lysed in 10 ml of water. The 
resulting stromas were collected by 
high-speed centrifugation and the stro- 
mas were then dissolved in 1 ml of 
NCS reagent. Each sample was sus- 
pended in 10 ml of scintillation fluid 
(16) and counted for 10 minutes in 
a Tri-Carb liquid scintillation counter. 
The results summarized in Table 1 
show that under conditions when more 
than 95 percent of the hemolytic C'la 
activity was taken up by EA approxi- 
mately 10 percent of the 14C was 
taken up. More than 75 percent of 
the C'la fixed by EA was detected 
on the cells by C'1 a fixation and 
transfer. Under the same conditions 
E took up negligible quantities of 
radiolabel and C'l a. Both the radio- 
activity and C'la fixed to EA can 
be completely removed from the cells 
by 0.01M Na-ethylene diamine tetra- 
acetate buffer, pH 7.5. 

Molecular analysis of hemolytic ti- 
trations showed that, of the total pro- 
tein in a fresh preparation of partially 
purified 14C-labeled C'1 la, 9.7 percent 
was C'la. Thus, from the data ob- 
tained by titration of C'la activity, 
by C'la fixation and transfer, and 
by uptake of radioactive label, we cal- 
culated that approximately 10 percent 
of the protein in this partially purified 
preparation is C' la and that 97 per- 

cent of the C'la identified by radio- 
activity is hemolytically active. These 
results were interpreted to mean that 
under these conditions every molecule 
of C'1 a taken up by EA is hemo- 
lytically active. The calculation of 
C' 1 a efficiency was based on the as- 
sumption that the specific radioactivity 
of the C'1 la in this preparation was 
not significantly less than that of the 
contaminating proteins. If the specific 
radioactivity of the C'la were great- 
er than that of the other proteins, esti- 
mates of C' 1 a efficiency would be 
greater than 97 percent. 

To test whether the specific radio- 
activity of the C'la was significantly 
different from that of the other pro- 
teins, the following experiment was 
performed. A precipitate of egg albu- 
min and rabbit anti-egg albumin was 
prepared at equivalence and thorough- 
ly washed with 0.15M NaCl. One- 
milliliter portions of the 14C-labeled 
C'l a preparation were mixed with a 
20-mg or a 2-mg portion of this pre- 
cipitate. Control mixtures consisted of 
20-mg or 2-mg portions of the pre- 
cipitate and 1-ml portions of the buffer 
used in preparation of C'la. All mix- 
tures were incubated for 20 minutes at 
room temperature and the precipitates 
were then removed by high-speed cen- 
trifugation. The amount of 14C-label, 
the amount of protein (measured 
spectrophotometrically), and the num- 
ber of effective molecules of C'la re- 
maining in the supernatant fluids were 
determined. Twenty milligrams of the 
precipitate removed 54.5 percent of the 
protein, 59 percent of the 14C-label, 
and more than 99 percent of the hemo- 
lytic C'1 a from the partially purified 
C'1 a preparation. Two milligrams of 
the precipitate removed 32 percent of 
the protein, 34.2 percent of the 14C- 
label, and 99.9 percent of the hemo- 
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lytic C'la. As stated previously, we 
found that approximately 10 percent 
of the 14C was taken up specifically 
by EA. Since nearly all detectable 
hemolytically active C'l a was taken 
up by 20 mg of precipitate as well as 
by 2 mg of precipitate, it can be con- 
cluded that 17 percent of the radio- 
label taken up by 20 mg of precipitate 
was C'l a and that 29 percent of the 
radiolabel taken up by 2 mg of pre- 
cipitate was C'la. Thus, increasing 
amounts of immune precipitate took 
up increasing amounts of protein and 
label in nearly one to one correspon- 
dence, while each level of immune 
precipitate took up more than 99 per- 
cent of the hemolytic C'la, that is the 
ratio of C'la to total protein varied 
while the ratio of protein to radio- 
activity remained constant (17). These 
results strongly support the assumption 
that the specific radioactivity of C'la 
is similar to that of other proteins in the 
partially purified preparation of C'1 la. 
An error of 30 percent in the estimate 
of specific radioactivity of C'la would 
be detected :by these methods. There- 
fore, we concluded that less than 1.4 
molecules of C'la is required to gen- 
erate a single hemolytic site. 

Estimates of the hemolytic efficiency 
of other complement components have 
been made with 1251-labeled human C'4 
and C'3 (18). According to these 
studies, uptake of 15 to 40 C'4 mole- 
cules and several hundred C'3 mole- 
cules accompanied the generation of a 
single effective hemolytic site. 

HARVEY R. COLTEN 
TIBOR BORSOS 

HERBERT J. RAPP 
Biology Branch, National Cancer 
Institute, Bethesda, Maryland 20014 
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of the 14C was taken up specifically 
by EA. Since nearly all detectable 
hemolytically active C'l a was taken 
up by 20 mg of precipitate as well as 
by 2 mg of precipitate, it can be con- 
cluded that 17 percent of the radio- 
label taken up by 20 mg of precipitate 
was C'l a and that 29 percent of the 
radiolabel taken up by 2 mg of pre- 
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amounts of immune precipitate took 
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precipitate took up more than 99 per- 
cent of the hemolytic C'la, that is the 
ratio of C'la to total protein varied 
while the ratio of protein to radio- 
activity remained constant (17). These 
results strongly support the assumption 
that the specific radioactivity of C'la 
is similar to that of other proteins in the 
partially purified preparation of C'1 la. 
An error of 30 percent in the estimate 
of specific radioactivity of C'la would 
be detected :by these methods. There- 
fore, we concluded that less than 1.4 
molecules of C'la is required to gen- 
erate a single hemolytic site. 

Estimates of the hemolytic efficiency 
of other complement components have 
been made with 1251-labeled human C'4 
and C'3 (18). According to these 
studies, uptake of 15 to 40 C'4 mole- 
cules and several hundred C'3 mole- 
cules accompanied the generation of a 
single effective hemolytic site. 
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Olfactory Input to the Hypothalamus: 
Electrophysiological Evidence 

Abstract. Electrical stimulation of the 
rat's olfactory bulb or lateral olfactory 
tract elicited unit discharges in the re- 
gion of the medial forebrain bundle of 
the lateral hypothalamus, with latencies 
of 4 to 25 milliseconds. Unit responses 
in this area were driven by odors in 
preparations that were paralyzed to 
prevent breathing artifacts. 

Anatomic reports point strongly to 
olfactory influences on the hypothala- 
mus through the medial forebrain bun- 
dle (1); these connections are probably 
important in some of the behavioral and 
endocrinologic functions of the hypo- 
thalamus. There is good evidence of 
hypothalamic function in feeding and 
in sexual behavior, and it is generally 
believed that olfaction plays a sig- 
nificant role in guiding these be- 
haviors. The role of olfaction in sex 
is now receiving particular attention. 
Male rats prefer the odor of estrous 
females to nonestrous (2), and male 
rats having their olfactory bulbs re- 
moved show reduced ability to mate 
(3). Odors have potent effects also on 
pregnancy and on endocrine functions 
in mice (4). Experimental evidence of 
olfactory control of feeding is less com- 
plete, but it is known that olfaction can 
be the basis of aversions to foods (5). 

by hemolytic activity were slightly less when 
measured at a later time (see Table 1). 

14. The diluent used in these experiments was 
veronal buffered saline sucrose at an ionic 
strength of 0.065 with Ca++ 0.00015M, Mg+4 
0.0001M and 0.1 percent gelatin. Antibody 
supplied in quantity sufficient to generate 5 X 
1012 C'la fixing sites per milliliter. 

15. T. Borsos and H. J. Rapp, J. Immunol. 95, 
559 (1965). 

16. Solution of 5 g of 2,5-diphenyloxazole and 
0.1 g of 1,4-bis[2-(5-phenoxazolyl)] benzene in 
1 liter of toluene. 

17. The nature of the radioactive protein other 
than C'la taken up by specific immune pre- 
cipitates is not known. It may represent non- 
specific trapping or specific uptake of the 
protein. At present we cannot distinguish be- 
tween these possibilities; however, the mech- 
anism of uptake and nature of the protein 
do not affect the conclusion that the specific 
radioactivity of C'la is similar to that of the 
other proteins in the partially purified C'la 
preparations. 

18. N. Cooper and H. J. Muller-Eberhard, in 
Proceedings of the XV Colloquium: Protides 
of the Biological Fluids (Elsevier, Amster- 
dam, in press); H. J. Muller-Eberhard, A. P. 
Dalmasso, M. A. Calcott, J. Exp. Med. 123, 
33 (1966). 

19. We thank Dr. R. A. Lazzarini for his as- 
sistance and helpful advice. 

5 October 1967 

Olfactory Input to the Hypothalamus: 
Electrophysiological Evidence 

Abstract. Electrical stimulation of the 
rat's olfactory bulb or lateral olfactory 
tract elicited unit discharges in the re- 
gion of the medial forebrain bundle of 
the lateral hypothalamus, with latencies 
of 4 to 25 milliseconds. Unit responses 
in this area were driven by odors in 
preparations that were paralyzed to 
prevent breathing artifacts. 

Anatomic reports point strongly to 
olfactory influences on the hypothala- 
mus through the medial forebrain bun- 
dle (1); these connections are probably 
important in some of the behavioral and 
endocrinologic functions of the hypo- 
thalamus. There is good evidence of 
hypothalamic function in feeding and 
in sexual behavior, and it is generally 
believed that olfaction plays a sig- 
nificant role in guiding these be- 
haviors. The role of olfaction in sex 
is now receiving particular attention. 
Male rats prefer the odor of estrous 
females to nonestrous (2), and male 
rats having their olfactory bulbs re- 
moved show reduced ability to mate 
(3). Odors have potent effects also on 
pregnancy and on endocrine functions 
in mice (4). Experimental evidence of 
olfactory control of feeding is less com- 
plete, but it is known that olfaction can 
be the basis of aversions to foods (5). 

One electrophysiologic study of the 
response of hypothalamic cells to many 
stimuli showed that a significant por- 
tion changed their activity when odors 
were presented (6). As a preliminary 
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step in investigation of the importance 
of the olfactory hypothalamic connec- 
tions, our study was planned to extend 
the observation of olfactory responses 
in the hypothalamus, particularly in 
the lateral area, and to ascertain the 
distribution of neurons responsive to 
olfaction. 

In the initial experiments we searched 
the lateral hypothalamus for responses 
to electrical stimulation of the olfactory 
bulb or the lateral olfactory tract in 
13 Sprague-Dawley albino rats. The 
anesthesia was a mixture of 75 mg of 
chloralose and 1.5 mg of urethane, 
per kilogram of body weight, dissolved 
in polyethylene glycol-200. Bipolar 
electrodes and differential amplification 
were used for recording. The electrodes 
were constructed of 60-/, nichrome 
wire, with the tips separated by about 
0.2 mm. Square-wave electrical stimula- 
tion of 0.1- to 1.0-msec duration and 
up to 15 volts was delivered with bi- 
polar electrodes either to the olfactory 
bulb or to the lateral olfactory tract 
on the same side as the recording elec- 
trode. The olfactory bulb was ap- 
proached dorsally by thinning the over- 
lying skull with a dental burr and re- 
moving the remaining bone and 
meninges with fine forceps. The bipolar 
stimulation electrode, bared for about 
1 mm back from the tip, was then 
inserted into the bulb. The lateral ol- 
factory tract was exposed in the same 
manner from the base of the orbit, 
and the electrode was placed on the 
tract, under visual control. 

Our search centered mainly on the 
portion of the lateral hypothalamus 
from the optic chiasma to the mam- 
millary nuclei; it was bounded medially 
by the fornix and laterally by the in- 
ternal capsule. Seventy-five penetrations 
were, made in this region with the bi- 
polar recording electrodes. When a re- 
sponsive area was found we generally 
halted penetration of the electrode and 
made a small lesion by passing current 
between the two electrode tips to mark 
the responsive areas for histologic iden- 
tification. After each experiment the 
rat was perfused with Ringer solution 
and 10 percent formalin. Alternate 
frozen sections 50 / thick were cut and 
stained with Weil and cresyl violet. 

In the lateral ventral portion of the 
medial forebrain bundle we often 
found units or groups of units that re- 
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In the lateral ventral portion of the 
medial forebrain bundle we often 
found units or groups of units that re- 
sponded to the electrical stimulus, with 
latencies ranging from 4 to about 25 
msec. Many units that could be driven 
by electrical stimulation could also be 
activated with odors. Stimulation con- 
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