
Fig. 2. Analytical ultracentrifuge photo- 
graphs of the three lipoprotein compo- 
nents separated from plasma membranes 
treated with sonic oscillation followed by 
fractionation in KBr gradients. Movement 
of boundaries is from right to left, in the 
centripetal direction. Speed was 31,410 
rev/min in a double-sectored cell. Schli- 
eren diaphragm angle is 45? for all pic- 
tures taken at different times (0, 6, 10, 
and 18 minutes) after a speed of 31,410 
rev/min was attained. 

less rapidly and that floated more slow- 

ly than did the component shown in 

Fig. 2A. The total boundary was seen 
after 16 to 18 minutes of centrifugation 
at 31,410 rev/min. This class had an 
Sf of 9.1(:.15). 

Figure 2C shows the class of lipo- 
proteins obtained after preparative cen- 

trifugation of the infranatant from 
above, at a solution density of 1.210 
g/ml. The final solution density was 
1.193 g/ml, and the lipoprotein had an 
Sf of 5.1(1.193). Recentrifugation of so- 
lutions containing the lipoproteins 
caused no visible alterations in the 
boundaries at any of the densities. 

We dialyzed the final infranatant 
solution (d = 1.210 g of KBr per mil- 
liliter) against 0.15M NaCl to remove 
the large amount of KBr. Only one 

sedimenting component was observed 
in the analytical ultracentrifuge; its 
sedimentation coefficient was 2.6. When 
the infranatant was dialyzed against 
phosphate-NaCl buffer (pH 7.5, ionic 
strength 0.20), only one sharp boundary 
was obtained in moving-boundary elec- 
trophoresis. It had a mobility of -4.87 
X 10-5 cm2 volt-l sec-1. 

Isolated plasma membranes, not 
treated with sonic oscillation, routinely 
contained 25 percent protein that was 
soluble in 0.15M NaCl and that had 
the same sedimentation coefficient (2.6) 
as the single protein remaining in the 
ultracentrifugal residue (d = > 1.21 
g/ml) from membranes treated with 
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sonic oscillation (SS). The remaining 
75 percent of protein from untreated 
membranes was best solubilized by 1 
percent sodium dodecylsulfate. When 
this protein was subjected to ultracen- 
trifugation, three sedimenting compo- 
nents were resolved during the sedi- 
mentation procedure. 

Lipoprotein macromolecules can be 
isolated from plasma membranes of 
liver from the rat, when suitable, me- 
ticulous procedures are employed. No 

low-density lipoproteins (those that 
would float in solution density of < 
1.0635 g/ml) were ever observed. All 
the lipoproteins isolated were high- 
density and had different ratios of lipid 
to protein. Current experiments suggest 
that those lipoproteins floating in solu- 
tion density of 1.125 g/ml have a 
higher ratio of lipid to protein than 
the other two classes. 

M. BARCLAY, R. K. BARCLAY 
E. S. ESSNER, V. P. SKIPSKI 

0. TEREBUS-KEKISH 

Divisions of Experimental 
Chemotherapy and Cytology, 
Sloan-Kettering Institute for Cancer 
Research, New York, and 
Sloan-Kettering Division, Graduate 
School of Medical Sciences, 
Cornell University Medical College, 
New York 10021 

sonic oscillation (SS). The remaining 
75 percent of protein from untreated 
membranes was best solubilized by 1 
percent sodium dodecylsulfate. When 
this protein was subjected to ultracen- 
trifugation, three sedimenting compo- 
nents were resolved during the sedi- 
mentation procedure. 

Lipoprotein macromolecules can be 
isolated from plasma membranes of 
liver from the rat, when suitable, me- 
ticulous procedures are employed. No 

low-density lipoproteins (those that 
would float in solution density of < 
1.0635 g/ml) were ever observed. All 
the lipoproteins isolated were high- 
density and had different ratios of lipid 
to protein. Current experiments suggest 
that those lipoproteins floating in solu- 
tion density of 1.125 g/ml have a 
higher ratio of lipid to protein than 
the other two classes. 

M. BARCLAY, R. K. BARCLAY 
E. S. ESSNER, V. P. SKIPSKI 

0. TEREBUS-KEKISH 

Divisions of Experimental 
Chemotherapy and Cytology, 
Sloan-Kettering Institute for Cancer 
Research, New York, and 
Sloan-Kettering Division, Graduate 
School of Medical Sciences, 
Cornell University Medical College, 
New York 10021 

Studies using electrical stimulation 
(1), placement of electrolytic lesions 
(2), pituitary transplants (3), and 

especially implantation of steroid cris- 
tals (4) have implicated several hypo- 
thalamic and midbrain structures in the 
negative feedback exerted by adreno- 
cortical steroids upon the synthesis 
and/or release of adrenocorticotropin 
(5). In particular, the basomedial hy- 
pothalamus (nuclei arcuatus and ven- 
tromedialis) and the mesencephalic 
reticular formation seem to be involved. 
While the results so obtained are re- 
markably consistent if species varia- 
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tions and limitations inherent in these 
experimental approaches are taken into 
account, there is still no agreement on 
the exact location of the presumed 
cerebral steroid receptors. Furthermore, 
little information is available on the 
kinetics of these feedback reactions, 
most experiments being of necessity 
carried out in chronic preparations 
which do not necessarily reflect short- 
term physiological interactions. The use 
of more refined techniques operating 
on the level of the single neuron (6, 7) 
therefore appears to be in order. 

The technique of microelectrophore- 
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Steroid-Sensitive Single Neurons in Rat Hypothalamus and 

Midbrain: Identification by Microelectrophoresis 

Abstract. Minute amounts of Na-dexamethasone-21-phosphate administered by 
microelectrophoresis to the immediate extracellular environment promptly sup- 
pressed electrical activity of 15 out of 115 hypothalamic and mesencephalic neu- 
rons, the effect being readily reversible. Such neurons marked with fast green 
were found to lie in circumscribed areas of the periventricular gray of the third 
ventricle and aqueduct, and may represent a site of action of adrenocortical 
steroids in the regulation of corticotrophin releasing factor and/or adrenocortico- 
tropin secretion by negative feedback. 
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Fig. 1. (A) Inhibition of the spontaneous activity of a single neuron in the anterior 
hypothalamus by microelectrophoresis (-) of dexamethasone (20 na) (noise level 
reduced by 60 percent). Calibration: horizontal bar, 10 seconds; vertical bar, 0.3 mv. 
(B) Gross localization of recording point (arrow) from which response shown in 
(A) was obtained. The section corresponds approximately to the frontal plane 
6.6 of the atlas of Albe-Fessard et al. (15). The rectangular field refers to (C). 
FX, fornix; TO, tractus opticus; VMH, nucleus ventromedialis hypothalami; ARC, 
nucleus arcuatus. (C) Fine localization (arrow) of the electrode tip by means 
of the fast green technique (microphotograph; scale line 100 Ju). 

sis (8), developed over the past years 
for neurophysiological and for neuro- 
pharmacological studies, is especially 
suited for this type of neuroendocrine 
research. Its main advantage is the pos- 
sibility of delivering, from multibarreled 
micropipettes, minute amounts of drugs 
(for example, hormones) into the im- 
mediate extracellular environment of 
single neurons and observing the re- 
sponse of these cells directly and im- 
mediately in terms of changes in the 
discharge rate of action potentials. 
Many drugs can thus be applied in 
small but efficient concentrations (in the 
order of magnitude of micromoles) un- 
der circumvention of the blood brain 
barrier, the dose being determined by 
the intensity of the d-c currents- used 
for microelectrophoretic delivery (20 
to 40 na). The topical selectivity of 
the deposition of these substances is 
assured by the dimensions of the mi- 
croelectrode tip, measuring 1 to 3 P. 

This report is concerned with the ef- 
fects of dexamethasone (1 1,, 17a, 21- 
trihydroxy-9 a-fluoro-16 a-methyl-preg- 
na-1,4-diene-3,20-dione) (9), a synthe- 
tized corticosteriod and potent inhibi- 
tor of adrenocorticotropin release (10), 
microphoretically delivered to single 
neurons in rat brain. Because of its 
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ready water solubility, the Na-dexa- 
methasone-2 1-phosphate (/2 molar so- 
lution) was used, after its electrophoret- 
ic mobility had been determined by 
paper electrophoresis at a pH of 7.9 
(11). Five-barreled microelectrodes (12) 
were stereotaxically inserted into the 
brains of 23 male rats, weighing 260 
to 350 g and anesthetized with chlora- 
lose/urethane. Action potentials were 
monitored visually and acoustically, 
stored on magnetic tape, and filmed 
when required (13). The position of the 
electrode tip was accurately marked 
by microelectrophoretic ejection of fast 
green (14) and the color spot was 
located histologically on 24 t, serial 
sections (Fig. 1C). 

While Na-dexamethasone-21 -phos- 
phate applied to neurons in the cortex, 
hippocampus, and thalamus never in- 
fluenced neuronal activity (as judged 
from the rate of discharge and the 
size or the form of the action poten- 
tials), a marked depression of the dis- 
charge rate of certain hypothalamic 
(Fig. 1A) and mesencephalic neurons 
was seen. Out of 115 neurons tested 
with dexamethasone in the latter areas, 
15 neurons were inhibited. These cells 
were found in 11 animals to be con- 
centrated in circumscribed areas of the 

periventricular gray of the third ven- 
tricle (Fig. 1B) (15) and the aqueduct; 
negative points were also carefully 
mapped. The depression of hypo- 
thalamic neuronal activity was found 
to be almost instantaneous and virtually 
complete throughout the period of drug 
application. The depression of mesen- 
cephalic units was somewhat more de- 
layed and more progressive, but finally 
equally complete. In both cases the 
depression outlasted the time of mi- 
croelectrophoresis by 20 to 30 seconds; 
thereupon the preapplication firing rate 
was gradually resumed. 

The rapidity of this suppressive effect 
is reminiscent of the earlier observa- 
tion (16) that adrenocortical steroids 
are capable of preventing the activa- 
tion of the pituitary-adrenal axis by 
histamine if they are administered in- 
travenously only 10 seconds before 
the application of the stressful stimu- 
lus. The delay in resuming the original 
rate of discharge, on the other hand, 
might be due to supraphysiological con- 
centrations of the steroid achieved in 
the extracellular environment by this 
particular route of administration. 

Two possible explanations for the ob- 
served suppression of single unit ac- 
tivity by dexamethasone microelectro- 
phoresis are proposed: (i) these neurons 
are directly involved in the synthesis 
of CRF (corticotrophin releasing fac- 
tor) and directly controlled, by nega- 
tive feedback, by their adrenocortical 
end product, or (ii) they are inde- 
pendent measuring devices constantly 
monitoring the concentration of cir- 
culating steroids. More recent findings 
on the "osmoreceptors" suggest the 
view that these dual functions as "ef- 
fectors" and "comparators" might even 
be combined within the same neuron 
(7). Although the exact nature of the 
neuronal elements depressed by 
dexamethasone remains at present in 
doubt, the technique of microelectro- 
phoresis appears to offer an interest- 
ing new approach to neuroendocrine 
problems and seems to be remarkably 
free of certain drawbacks (for example, 
leakage of steroids from the site of 
implantation; nonspecific irritative ef- 
fects of lesions) inherent in methods 
hitherto employed. 
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Deuterium and Oxygen-18 in Natural Waters: Analyses Compared 

The International Atomic Energy Table 1 summarizes the results from 

Agency recently compared mass-spec- 12 laboratories (1) before mid-Febru- 
trometric analyses of isotope ratios of ary 1967. The long-term reproducibility 
deuterium and oxygen-18 in natural resulted from measurements of the 
water. One aim was to enable labora- same sample over a period of at least 
tories the world over to compare pub- a few months. Agency (IAEA) sample 
lished results that may refer to the 1 represents ground water, sample 2 is 
same scale but may in fact differ be- a mixture of two surface samples col- 
cause of systematic analytical errors or lected from the Kattegat and the Baltic 
unreliable standards. Sea, and sample 3 is surface water from 

Table 1. Analyses of 0sO and deuterium in three samples of water; permillage deviations from 
SMOW (2) (deviation, lcr). 

IAEA sample 
Laboratory - Long-term 

1 2 3 a (%) 

Oxygen - 18 

1 -8. 88 - 0.04 +0.58 ?i 0.03* -29.36 4- 0.05 0.07 
2 -10.84 ? .4 -1.51 -4 .4 -30.58 -i .4 
3 -9.02 .11 +0.19 4 .10 -29.39 -? .14 
5 -8.71 ? .08 + .20 ? .09 -29.33 4 .29 
6 -9.09 4 .08 + .33 ? .08 -29.42 ?4 .13 
7 -8.99 4 .03 + .49 ? .04 -29.40 - .06 
8 -8.93 ? .02 + .35 ?4 .02 -29.11 4 .03 .07 
9 -9.12 + .31* -29.26 

11 -9.17 4- .04 + .20 4 .04* -29.17 4 .04 .05 
12 -8.95 =4 .04 + .29= = .01 -29.34 4- .01 

Deuterium 

1 -61.7 ?- 0.5 +2.3 ? 0.4 -220.6 - 0.5 1.5 
2 -62.5 - 1.0 -2.5 ?1.0* -215.2? 1.0 1.0 
4 -62.2 -?1.1 +2.3 ? 1.4 -220.3 t 1.3 
5 -61.3 ? 1.0 -1.5 ? 1.0 
6 - 62.1 ? 0.9 +0.7 ?= 0.7 - 221.7 t 1.1 
7 -60.6 ? .5 +3.6 ? .4 -221.8 40.3 0.28 

10 -62.8 ? 1.4 +2.6 ? .7 -221.7 41.0 
11 -65.7 - 0.6 +1.8 -t .6* -235.5 ?0.6 .6 
12 -62.41 ? .12 +2.06? .06 -222.6 ? .15 

* Sample not distilled. 
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Greenland. Sample 2 contained 35.3 
percent CI, and 0.002 percent HgCl. 
was added against bacterial activity. 
Duplicate 20-ml samples were sent to 
participating laboratories in sealed glass 
ampoules along with samples of NBS-1 
and NBS-1A, obtained in plastic con- 
tainers from the National Bureau of 
Standards. The data relating to the 
NBS standards are not included, since 
it became obvious that the plastic con- 
tainers were not suitable and that varia- 
tions due to evaporation and exchange 
were prominent. The data presented 
are based on comparison with working 
standards (previously calibrated against 
a primary standard such as NBS-1 and 
NBS-1A) or, in a few instances, on 
absolute measurements. 

A panel convened by IAEA reviewed 
the data and recommended that: (i) 
the calculated errors of measurement 
of isotope ratios in natural waters be 
expressed as one standard deviation 
(la1), and (ii) IAEA undertake the 
establishment of two new standards for 
hydrogen and oxygen in quantities of 
100 liters each-one being as close as 
possible to SMOW; the second, a 
sample of natural water as depleted as 
possible in D and 150. 

The Agency is now following the 
recommendation for establishment of 
the new standards. Furthermore, a 
qualified laboratory will try to estab- 
lish the absolute isotopic concentrations 
of the new standards. As soon as they 
are available, samples of the new stan- 
dards, together with NBS samples, will 
be distributed among interested labora- 
tories for intercomparison. The Agency 
thanks cooperating scientists for their 
collaboration and permission to pub- 
lish the results. 

E. HALEVY 
B. R. PAYNE 

Section of Hydrology, International 
Atomic Energy Agency, Vienna, Austria 
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