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Summary: Multiple Unit Activity (MUA) of the hypothalamic arcuate nucleus as indicated by
discriminated spikeswith window setting between 18-30uV, the integrated MUA and the cortical EEG
of the urethane anaesthetized rats on the proestrous day.was recorded with the help of a polygraph.
Infusion of LH-RH in the 3rd ventricle markedly increased the arcuate nucleus MUA. The effect
started within minutes of infusion, peak came after 20-30 minutes and the activity remained increased
for 3-4 hours. Saline infusion in the 3rd ventricle was ineffective. Feedback action of CSF-LH-RH
to the arcuate nucleus for the regulation of LH-RH is suggested.
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INTRODUCTION

Neurones in the arcuate nucleus of the hypophysiotropic area produce LH-RH which is
secreted into the proximal capillary plexus of the hypophysial portal system in the median
eminence(16). Existing evidence also suggests the presence of an alternate delivery system where-
by LH-RH may be secreted into the ventricular cerebrospinal fluid (6). The LH-RH in the CSF
may later be delivered to the portal capillaries via the ependymal cells. It has been demonst-
rated that infusion ofLH-RH into the third ventricle of the female rat brain stimulates the release
ofLH (9,14). On the other hand the LH RH in the CSF may serve to provide a system of positive
feedback to the neurones of arcuate nucleus to build up the LH surge. This is supported by
the evidence that iontophoretic application of LH-RH produces an increase in the unit activity
of medial basal hypothalamus(5). In this paper we wish to report that the infusion of LH-RH
in the third cerebral ventricle markedly increases the multi unit activity of the arcuate nucleus.

MATERIALS AND METHODS

Nine Sprague-Dawley rats, weighing 260-300 g, were maintained in a light controlled
(14 hr light, 10 hr dark) air conditioned room, showing regular oestrous cycles were used. Under
Brevital anaesthesia, stainless steel cannulae were stereotaxically implanted into the third
cerebral ventricle at an angle which allowed subsequent vertical lowering of the electrode into
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the arcuate nucleus of the hypothalamus for recording it- multiunit activity (MUA). After
2-3 weeks of postoperative rest, on the morning of proestrous the animal was anaesthetized
with urethane (1.2 g/kg). This anaesthetic dose also served the purpose of blocking such hypo-
thalamic events as lead to prcovulatory LH surge (12). Epoxy-insulated stainless steel microe-
lectrodes with 20 u tips (re istance varying between 28-35 kilo ohm) prepared from insect pins
were stereotaxically advanced into the arcuate nucleus with a hydraulic micromanipulator. The
extracellular potentials picked up by this electrode were fed to Tektronix 502 oscilloscope through
a low gain preamplifier. From the vertical signal output of the oscilloscope the amplified paten-
tials were fed into a window discriminator generating a standard output pulse with window
setting at 18-28uV. The standard pulses of window circuitry activated a pen of the Polygraph
channel at adjustable rates. The same multiunit activity after integration through a pulse integ-
rator was fed into another channel of the polygraph.

Cortical EEG was recorded from frontal and parietal regions with stainless steel screw
electrodes anchored to the corresponding regions of the skull. Respiration was recorded by a
crystal phonograph cartridge. Care was taken to maintain body temperature of the animal by
heating pads. After recording the basal arcuate MUA, 2 "I normal saline was slowly infused
within two minutes into the third ventricle by a microdriver attached to the piston of the lambda
syringe. After 1-2 hrs of saline infusion, 500 ng of LH-RH in 2 ,,1 was slowly infused. MUA of
arcuate was continuously recorded throughout the experiment and for about 3-4 hrs after LH-RH
infusion. At the end of each experiment, the recording site in the arcuate nucleus was marked
by making a small electrolytic lesion with the help of a direct anodal current (4 ua for 30 sec)
through the recording electrode. The animal was then sacrificed by giving an excess dose of
pentobarbitone. The brain was perfused initially with a solution of 3% potas ium ferrocyanide
and 3~0 potas ium ferricyanide for the Prussian blue reaction at the site of lesion and then with
10% formalin. Placement of cannulae and electrodes was confirmed after hi tological
processing.

RESULTS

General: The urcthane- anaesthetized rat showed EEG variations typical of the sleep-
wakefulness cycle which were accompanied by change in the multiunit activity of the arcuate
nucleus. The slow wave high amplitude electrocortical activity was associated with decreased
number of discriminated spikes and fast wave low amplitude EEG activity with increased num
ber of spikes (Fig. I).

The basal activity of the arcuate nucleus as evinced in the form of discriminated spikes
varied between 180-300 spikes per minute. However percentage of spike frequency in each
individual rat ranged from 93-112% with the average of an hour's preinfusion record being taken
as 100%. Activity during the period after infusion of normal saline in the 3rd ventricle was
between 89 and 105%.
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l"'j~, 1: Baseline polygraphic record indicating decrease in the multiunit activity of arcuate nucleus when the
EEG activity gets synchronised. Tracings from above below are:
(i) uniform pulses obtained from the window discriminator (window setting between 18-28 uv), each
pulse representing one spike, (ii) integrated record of the pulses (ARC-MU,\). (iii) EEG activity re
corded between frontal and parietal region, (iv) time mark, and (v) re;piratory excursions,
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Fig. 2: Cumulative data of a typical experiment as obtained from continuous recording depicted in Fig.I. Note
that infusion of saline in the 3rd ventricle does not affect the MUA. But infusion of LH-RH markcdlvi n-
creases the MUA. Scale of the pulse count represents MUA pulses counted per j min period. Pentobarbi-
tone was injected at the end of the experiment to sacrifice the animal.
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Third Ventricular Infusion: Cumulative data from a typical experiment is plotted
in Fig. 2. It can be noted that the baseline MUA for anhour and a half after the startof record-
ing remained around the average of about 1250 per 5 minute count. Infusion of saline in the
3rd ventricle did not affect the discharge rate but when at the 170th ~inute LH-RH was infused,
the MUA activity rose to a peak of 3000 discriminated spikes/5 rnin within a period of 20-30
minutes. ThIs pulse discharge remained fairly high (average of2000 pulses/S min) for another 200
minutes when the experiment was terminated by giving an excess dose of pentobarbitone.
This effect of LH-RH was similar in all experiments. In 4 animals the increase in the MUA
of the arcuate nucleus was in spite of the highly synchronized cortical activity during the post-
infusion period. In th;- other 5 animals there was not much variation from the EEG of pre-
infusion period. Fi ure 3 localizes the tip of the cannula and that of the recording electrode in
the coronal sections of the brain. Such experiments were completed in a total of nine rats.
From the data thus obtained the median percentage pulse frequency in each successive 5 minute
MUA during the basal recording, recording after saline infusion and that after LH-RH infusion
was plotted as given in Fig. 4. It can be noted that while the MUA before infusion and after
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Fig. 4: Median of the % pulsefrequency/5 min as obtained from the data of the nine experiments.
Note the markedly increased MUA of the arcuate nucleus under the influence of LH-RH.

infusion of saline overlap each other, the MUA after the LH-RH infusion remains markedly
high for as long as more than 2 hours of post-infusion period.

DISCUSSION

The present investigation clearly demonstrates that infusion of LH-RH in the 3rd ventricle
increases the MUA of the arcuate nucleus. Such infusions ofLH-RH have been earlier reported
to increase the plasma LH concentration leading to ovulation (4,9,16) and to mating behaviour
(8) which indicates that LH-RH transport from the CSF to the proximal capillary plexus in
the median eminence may indeed be a normal physiological activity. Current speculations hint
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7"' that such a transport may be occuring through the tanycytes lining the 3rd ventricle. However,
such transport by the ependymal cell processes to the capillaries may be quite insignificant,
constituting at most 5% of the total transport (4). A recent report also indicates that LH-RH
immuno-reaction localized in the ependymal cells may in reality be an artefactf l l ).

There is substantial evidence that a major concentration of LH-RH occurs in the axon
terminals of the arcuate nucleus although some immuno-reactive LH-RH has also been localized
in the more anterior preoptic part of the organum vasculosum (1,15). It is thus likely that the

Fig. 5: Feedback mechanisms employed for the regulation of LH-RH secretion as deduced from current evidence
and the present investigation. Arcuate (and medial basal) neurones secrete LH-RH under the triggering
influence of medial preoptic neurones (MPO). Part of LH-RH finds entry into the CSF for the purpose
of positive feedback on arcuate neurones (as reported in the present investigation) and the MPO. The
remaining LH-RH finds its way into the portal system for the elaboration ofLH. Increased estrogen level
exercises a facilitatory influence on ivIPO but inhibits arcuate nucleus activity.
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arcuate neurones may be a major source ofLH-RH some of which when secreted is poured into
the 3rd ventricle and then absorbed back to increase the activity of the same arcuate nucleus
thus providing a system of positive feedback which may be requird for the build-up of LH surge.
It has been speculated on the basis of morphological observations that the arcuate neurones
lining the ventricle have surfaces with features which are specially suitable for pouring secretions
in the ventricle as also for making contact with the ventricular liquor (13). Alternately, possi-
bility of short processes of ependymal cells making synaptoid junctions for conveying transmitters
and other substances including LH-RH cannot be excluded (10).

Although some LH-RH has been localized in the medial preoptic area, it seems that the
role of this area is to provide through its axonal connections trigger to the arcuate neurones for
the release of LH-RH (7). In that case the Iow level of immuno-reactive LH-RH may be
essentially the one picked up from the CSF and not actually elaborated by the preoptic neurones
themselves. LH-RH induced increase in the preopticneurone activity has been reported in liter-
ature (5,8). Thus the positive feedback for LH-RH build-up may also be operating through the
preoptic region and organum vasculosum. Figure 5 sums up in a schematic formthe LH-RH
positive feedback mechanism which may be required for the build-up of pre-ovulatory LH surge.
However, the presence of feedback loops from hypo thalamic areas other than those depicted in
this figure cannot be ruled out till the experimental work actually proves it to be so.

ACKNOWLEDGEMENTS

This investigation was supported by a financial grant from the New Delhi Research and
Training Centre of the W.H.O. Work was done partly in Dr. Charles H. Sawyer's Laboratory
at the UCLA Centre for Health Sciences. We are grateful to Doctors C. H. Sawyer and R. J.
Krieg for their kind help at many stages. LH-RH was obtained by the kind courtesy of Ayerst
Laboratories, Inc. New York. Dr. P. K. Laha's artistic help is gratefully acknowledged.

REFERENCES

I. Baker, B. L., \V. C, Dermody and J. R. Reel. Drst ribution of gonadotrophin - !'eleasing hormone in the rat
brain as observed with immunohistochemistry. Endocrinoiogy"'J, 97 : 125-135,197:>.

2. Barry, J., 1\1. P. Dubois and P. Poulain. LRF producing cells of the mammalian hypothalamus . .( . .(tliforsch.
Mikrosk, Anal., 146 : 351-366,1973.

3. Barry, J. and M. P. Dubois. Immunofluorescence study on prenatal differenti'ttion of hxpothalan;ic LR:F
producing cells and maturation of the pre-optico-infundibular neurosecretory pathway III the guinea pIg.
Brain Researcli., 67 : 103-113,1974.

4. Ben-j'onathan, :-1".,R. S. Mical and .T. C. Porter. Transport of LRF from CSF to hypophysial portal and
systemic blood and release" of LH. Endocrinology., 95 : 18-25,1974.



8 Tandon and 11anchanda .Tanuary-March 1976
Ind. J. Physiol. Pharrnac.

5. Kawakami, M. and Y. Sakuma. Responses of hypothalamic neurones to the micro iontophoresis of LH-RH,
LH and FSH under various levels of circulating ovarian hormones. Neuroendocrinology" 15 : 290-307 1974.

Knigge, K. M., S. A.Joseph, A.J. Silverman and S. Vaala. Further observation on the structure and function
of the median eminence with reference to the organization of RF producing elements in the endocrine hypo-
thalamus; in Zimmermann, Gispen, Marks and Dewied Drug effects on neuroendocrine regulation Progr.
Brain Res., 39 : 7-20 (Elsevier, Amsterdam) 1973.

~1cCann, S. 1\1. In E. Knobil and \'\7. H. Sawyer (eds) Handbook of Physiology Vol. IV, Part 2, American
Physiology Society, Washington D. C. p489, 1974.

Moss, R. L., M. J. Kelly, M. M. Foreman and C. A. Dudley. Luteinizing hormone- releasing hormone
(LRH) regulation of neural events controlling mating behavior. The Physiologisf(j, 18 (3) : 326, 1975.

Ondo, J. E., R. L. Eskay, R. S. Mical and J. C. Porter. Release of LH by LRF injected into the CSF: a
transport role for the median eminence. EndocrinologjJ, 93 : 231-237,1973.

Scharrer, B. and M. Weitzman. Current problems in invertebrate neurosecretion. In Aspects of neuro-
endocrinology, edited by W. Bargrnann and B. Scharrer New York, Springer Verlag, p. 23,1970.
Setalo, G., S. Vigh, A. V. Schally, A. Arimura and B. Flerko. LH-RH containing neural elements in the rat
hypothalamus. Endocrinolo~f;, 96 : 135-142,1975.
Terasawa, E., D. 1. Whitmoyer and C. H. Sawyer. Effects of luteinizing hormone (LH) on multiple-unit
activity in the rat hypothalamus. Amer. J. Physiol., 217 : 1119-1126, 1969. .
Vigh- Trichmann, 1. and B. Vigh. Structure and function of the liquor contacting neurosecretory system, In:
Aspects of neuro-endocrinology edited by \'\7. Bargrnann and R. Scharrer , New York Springer-Verlag pp.329-
338, 1970.
Weiner, R. 1.,J. Terkal, C. A. Blake, A. V. Shallyand C. H. Sawyer. Changes in serum luteinizing hormone
following intraventricular and intravenous injection of luteinizing hormone releasing hormone in rat. Neuro-
endocrinologYI' 10 : 261-272,1972b.
Wheaton, J. W., L. Krulich and S.M. McCann. Localization of luteinizinq hOrmO~eleaSing hormone in
the preoptic area and hypothalamus of the rat using radioimmunoassay. Endocrinolog " 7: 30-38, 1975.
Zimmerman, E. A., K. C. Hsu, M. Ferin and G. P. Kozlowski. Localization of gonado ropin-releasing hormone
(Gn-RH) in the hypothalamus of the mouse by immunoperoxidase technique. Endocrinology, 95: 1-6,1974.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

INCREASED FA

Summary: The
gastrocnemius m
any change in to
in the mitochon
mass, the total fa
the increased d
in the atrophied
muscle and also t
that there is
tha t the increas
be the result of
functions.

Key words:

Denervation
to vertebrate dys
alters the levels
reported (28) tha
and consequent!
acids in the atro
whether such d
enhanced rate of!

Denervatio
Krishnamoort
root. Only 0

served as contr

Atrophy:
denervated m
referred as a

Present address:


