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Effects of Electrical Stimulation of the Hunger Center
in the Lateral Hypothalamus and Food Reinforcement
on Impulse Activity of the Proper Masticatory Muscle

in Rabbits under Conditions of Hunger and Satiation
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Threshold stimulation of the lateral hypothalamus in starving and preliminary fed (satiated)
rabbits in the absence of feed induces searching behavior associated with burst-like impulse
activity of proper masticatory muscle with a bimodal distribution of interpulse intervals,
what represents an anticipatory type of reaction. The increase in the level of food motivation
during threshold stimulation of the lateral hypothalamus in starving and satiated rabbits with
the food offered led to successful food-procuring behavior, during which the frequency and
amplitude of spike bursts in the proper masticatory muscle become comparable with those
under conditions of natural foraging behavior stimulated by the need in nutrients. Motivational
excitation and backward afferentation from food reward are addressed to the same neurons
of the masticatory center in the medulla oblongata.
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According to pacemaker theory of motivation [6],
structures forming the hunger center in the lateral hy-
pothalamus (LH) play an initiative role in the orga-
nization of a complex of cortical and subcortical ele-
ments selectively activated by nutrient requirements.
The food motivation center in LH exerts ascendant
activating influences on the limbic structures and cere-
bral cortex, thus forming foraging behavior in animals.

Along with ascending activating influences, hun-
ger center in the LH exerts descending stimulating
influences on neurons of the masticatory center in the
medulla oblongata [8,10].

Taking into account possible modulating influ-
ences of LH hunger center on neurons of the central
generator of mastication pattern [7-10] and taking into
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account its leading role in the organization of the sys-
tem of hunger brain excitement [6], it was interesting
to investigate the effects of stimulation of LH hunger
center on impulse activity of masticatory muscles un-
der conditions of hunger and satiation.

Here we compare the patterns of impulse activ-
ity of proper masticatory muscle (PMM) electrical
stimulation of LH in starving and satiated rabbits in
the presence and absence of food.

MATERIALS AND METHODS

Impulse activity of PMM and MM in Chinchilla rab-
bits preliminary subjected to 24-h food deprivation or
fed before the experiment was recorded via chronically
implanted electrodes [2-5]. Effects of LH electrical
stimulation on PMM impulse activity in the pres-
ence and the absence of the food in the experimental
chamber were investigated under conditions of free
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behavior. In parallel, behavioral activity of animals
was recorded with a web-camera.

Electrical stimulation of LH was performed using
bipolar nickel-chromium electrodes implanted accor-
ding to the approach of “travelling electrode”. The fol-
lowing parameters of electrical stimulation were used:
frequency 20-30 Hz, pulse duration 0.2 msec, voltage
2.5-3 V or 5-6 V, which corresponded to the threshold
or submaximal strength of the stimulus.

Automatic analysis of temporal parameters of PMM
pulse activity (in msec) was performed using MP-100
microprocessor and AcqKnowledge software. Tempo-
ral parameters of impulse activity of PMM motor units
(MU) were statistically processed [1]. Significance of
differences was assessed using Mann—Whitney U test,
p<0.05.

RESULTS

Threshold stimulation of the hunger center in LH of
satiated and food-deprived rabbits in the absence of
food led to the appearance of exploratory and orienta-
tion and exploratory activity associated with uniform
reorganization of PMM pulse activity manifesting in
a shift of regular low-amplitude MU firing activity to
high-amplitude burst-like activity (Fig. 1). We previ-
ously showed that such reorganization of PMM pulse
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activity appears during natural successful foraging and
that it is not characteristic for exploratory behavior
formed on the basis of organism requirements in nutri-
ents [1]. Therefore, regular generation of spike bursts
in PMM during threshold stimulation of LH in the
absence of the food can be regarded according to func-
tional system theory as an advanced-type reaction [6].

Activating influences of threshold stimulation of
LH hunger center on motor neurons of the masticatory
center in the medulla oblongata in starving and sati-
ated in the absence of food were uniformly reflected in
the structure of temporal organization of PMM pulse
activity in the form of bimodal distribution of inter-
pulse intervals with peaks at 5-40 and 140-260 msec
(starving) and 5-45 and 140-240 msec (satiation), re-
spectively. Testing the values of successive interpulse
intervals for normal distribution using Shapiro—Wilk
W test showed deviation of the experimental data from
normal distribution model (W=0.659121, W=0.632415,
p<0.001). The same was shown using parameters of
descriptive statistics (Table 1). Duration of burst-like
activity periods was characterized by low variability,
which was demonstrated by unimodal distribution of
the time intervals (Fig. 2). The periods of burst-like
activity generated by PMM in starving and satiated
animals lasted for about 274.99 msec with standard
deviation 34.47 msec, which corresponded to the fre-
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Fig. 1. PMM impulse activity (7) in a rabbit exposed to 24-h food deprivation (a, b) and in a satiated rabbit (c, d) during threshold (a, c)
and submaximal (b, d) LH electrical stimulation in the absence of the food. Low-amplitude artifacts from LH stimulation can be seen on
electrogram 7. They correspond to frequency of stimulating square electric pulses (2).
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TABLE 1. Temporal Parameters of PMM Impulse Activity (msec) in Rabbits Exposed to 24-h Food Deprivation and Satiated
Rabbits during Threshold and Submaximal LH Stimulation

Starving rabbits (24-h food deprivation) Satiated rabbits
Parameter
n M=m As n M+m As

Threshold stimulation
Interpulse intervals 1506 54.78+1.85 1.62 1742 47.52+1.55 1.81
Interpulse intervals in spike bursts 1206 20.36x0.34 0.69 1442 19.13+0.31 0.86
Burst duration 300 81.85+1.66 -0.04 300 91.93+£1.55 -0.43
Interburst intervals 300 193.13+2.08 0.56 300 183.99+£1.90 0.38
Periods of burst-like activity 300 274.99+1.99 0.58 300 275.92+1.99 -0.23
Submaximal stimulation
Interpulse intervals 1421 58.60+2.11 1.48 1303 64.11+2.27 1.40
Interpulse intervals in spike bursts 1121 18.45+0.34 1.13 1003 20.85%0.39 0.84
Burst duration 300 68.94+1.45 0.51 300 69.70+1.64 0.31
Interburst intervals 300 208.63+1.83 0.0005 300 208.75+2.18 0.46
Periods of burst-like activity 300 277.58+1.68 -0.01 300 278.45+2.25 0.36

Note. Here and in Table 2: As: asymmetry coefficient.

TABLE 2. Temporal Parameters of PMM Impulse Activity (msec) in Rabbits Exposed to 24-h Food Deprivation and Satiated
Rabbits during Successful Foraging Behavior Developing during Threshold LH Stimulation and during Natural Foraging
Behavior (after 24 h Food Deprivation)

Food capture phase Food mastication phase
Parameter
n Mxm As n Mzxm As
LH stimulation (state of hunger)
Interpulse intervals 1146 49.78+1.72 1.25 14,255 60.69+0.68 1.17
Interpulse intervals in spike bursts 846 16.60+0.30 1.03 10,475 12.74+0.07 2.49
Burst duration 300 46.81+1.12 0.69 3780 35.30+0.26 1.57
Interburst intervals 300 143.34+1.63 0.64 3780 193.58+0.43 2.97
Periods of burst-like activity 300 190.15+1.69 0.39 3780 228.88+0.46 2.56
LH stimulation (satiation state)
Interpulse intervals 1214 46.94+1.55 1.38 19,958 43.49+0.49 1.74
Interpulse intervals in spike bursts 914 17.71+£0.36 0.84 16,178 10.75+0.04 3.38
Burst duration 300 53.96+1.24 0.53 3780 46.02+0.30 1.21
Interburst intervals 300 136.00+1.80 0.84 3780 183.59+0.48 2.99
Periods of burst-like activity 300 189.96+1.74 0.44 3780 229.61+0.49 2.48
Without LH stimulation
Interpulse intervals 1581 41.97+1.36 1.76 16,973 51.59+0.59 1.42
Interpulse intervals in spike bursts 1281 16.94+0.26 1.11 13,193 11.00+0.05 2.46
Burst duration 300 72.35+2.17 0.45 3780 38.39+0.23 1.15
Interburst intervals 300 148.85+1.79 0.93 3780 193.25+0.39 2.73
Periods of burst-like activity 300 221.20+2.41 0.69 3780 231.64+0.41 2.35
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Fig. 2. Distribution histograms of PMM burst-like activity periods in rabbits exposed to 24-h food deprivation (7) and in satiated rabbits
(2) during threshold (a) and submaximal (b) LH electrical stimulation in the absence of the food; in rabbits exposed to 24-h food depriva-
tion (3) and in satiated rabbits (4) during threshold LH electrical stimulation in the presence of the food and during associated successful
foraging behavior: phases of food taking (a) and mastication (b). Abscissa: values of burst-like activity periods, msec; ordinate: absolute
frequency of time intervals.
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Fig. 3. PMM impulse activity (7) in rabbit exposed to 24-h food deprivation (a, b) and in satiated rabbit (¢, d) during threshold electrical
stimulation of LH and associated successful foraging behavior: a, c: food taking phase (dotted line); b, d: food mastication phase.

quency of 218.19 cycles per min, and 275.92 msec
with standard deviation 34.39 msec or 217.45 cycles
per min, respectively, i.e. there were no statistically
significant differences. Differences were observed only
in the ratio of burst duration to inter-burst intervals
(Table 1) constituting periods of burst-like activity and
contractive activity of PMM [2]. Our results showed
that efferent influences induced by threshold stimula-
tion of LH hunger center in rabbits in the absence of
food enhance neuron excitability of the central genera-
tor of mastication pattern in the medulla oblongata, tune
them on reinforcement, and activate central mastication
program. Hence, our data confirms modern conceptions
of organization of the mastication center [7,9].

Submaximal stimulation of LH in starving and
satiated rabbits in the absence of the food was associa-
ted with increased spike amplitude in bursts (Fig. 1),
but did not affect frequency of burst generation in
PMM (Table 1). It indicates that the artificial increase
of food motivation is associated with mobilization of
high-threshold PMM MU and their amplitude becomes
comparable to the amplitude of spikes generated du-
ring natural foraging behavior formed in response to
organism requirements in nutrients.

Threshold stimulation of LH in hungry and sati-
ated animals with free access to food was associated
with successful foraging behavior including taking and

mastication of food (Fig. 3). Frequency of high-am-
plitude bursts in PMM during threshold LH stimula-
tion and associated foraging behavior was significantly
higher (Fig. 2, 3; Table 2) than in the absence of food
stimulus (p<0.05) and corresponded to 262.15 cycles
per 1min in the food mastication phase in hungry rab-
bits, and 261.31 cycles per 1 min in satiated rabbits,
and also had no significant differences with the val-
ues during natural foraging behavior (Table 2). Maxi-
mum frequency of spike bursts in PMM was observed
during threshold LH stimulation in starving rabbits
during food taking (Fig. 3), these values significantly
(p<0.05) exceeded those in satiated animals and during
natural foraging behavior (Table 2).

Thus, motivation food excitement and back affer-
entation from food reinforcement are addressed to the
same neurons of the masticatory center in the medulla
oblongata. Such possibility was demonstrated for vari-
ous neurons in the brain [6].

REFERENCES

1. Ju. P. Ignatova and A. A. Kromin, Zh. Eksp. Klin. Gastroen-
terol., No. 1, 45-54 (2009).

2. A. A. Kromin, Zh. Vysh. Nerv. Deyat., 41, No. 1, 51-59 (1991).

3. A. A. Kromin, O. Yu. Zenina, and Ju. P. Ignatova, Byull. Izobr.
Poleznye Modely, No. 19, Pt. 1, 220 (2007).



676 Bulletin of Experimental Biology and Medicine, Vol. 149, No. 6, 2010 PHYSIOLOGY

4. A. A. Kromin, Ju. P. Ignatova, and O. Yu. Zenina, /bid, No. 1578 (1991).

10, Pt. 3, 809 (2006). 8. M. Inoue, K. Nozawa-Inoue, Y. Miyaoka, and Y. Yamada, Neu-
5. A. A. Kromin, Ju. P. Ignatova, O. Yu. Zenina, and E. P. Serge- rosci. Res., 41, No. 1, 61-65 (2001).

eva, Ibid, No. 5, Pt. 3, 792 (2008). 9. A. Komuro, T. Morimoto, K. Twata, et al., J. Neurophysiol.,
6. S. K. Sudakov, Predominant Motivation [in Russian]. Moscow 86, No. 6, 2834-2844 (2001).

(2004). 10. E. Murzi, T. Baptista, and L. Hernandez, Brain Res. Bull., 26,

7. R. Donga and J. P. Lund, J. Neurophysiol., 66, No. 5, 1564- No. 3, 321-325 (1991).




	Abstract
	MATERIALS AND METHODS
	RESULTS
	REFERENCES

