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Teitelbaum, 15.62);, drinking {Mendelson, ,1967.), explor,atio'n'

(Rompré & Miliaressis, 1980), circiing (Miliaressis & Rompré,
1980), aversion (Bower & Miller, 1958), analgesia (Cooper &

Taylor, 1967), or sexual behavior (Cagguila & Hoebel, 1966).
While these finﬁings are open to several interpretations,

there is good reason to believe that at least in the medial’

forebrain bundle '(MFB), all of these different behaviors are

. not mediated by the same cells (Blelajew & Shlzgal 1980,

Durivage & Mlliaressxs, 1983). \
’ The studies presented here dttempt to trace the \
circuit(s) responéib]ﬁe for brain-—stimulat}ion reward by
characterizing the neurophysiological pfoperties of one of
its segments. To do s0, otﬁe must be able f‘irst to
distinguish neurons responsxble for the rewardlng effect
from other cells that are also activated by stimulation at
reward loci. _

A four stage strategy for doing this‘ has been .
proposed by Gallistei, Shizgal, and Yeomans (198l1). The
first stage consists of establishing trade-off functions in
order to place quantitative constraints on ﬁhe neural

population under examination. The second stage provides

intergretatlions of the constraints in terms of anatomical
N

and Physiological properties, Tl?hir‘d involves the direct

recording of cellular activity structures corresponding
to those that yield the desifed behavior. Finally the data
e

collected in stage 3 are /filtered using the characteristics
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1980) and self-stimulation and exploration (Durivage &

8
al., 1980). There have also been descriptions of strength o
duration relationshliips (Gallistel, 1978; Matthews, 1977;
Milner & Laferriére, 1982; Schenk & Shizgal, 1983),
teméoral-integrating properties (Gallistel, 1978; Milner,
1978; Shézgal & Matthews, 1978), and currept-distance
relationships (Fouriezos & Wise, 1983). )

The application of these proc;dufes to other
bghaviors has yielded estiﬁates of refractoriness for
stimulation-induced escape (Skelton & Shizgal, 1980),
circling (Miliaressis & Rompré, 1980), and exploration
(Durivage & Miliaressis, 1983; Rompré & Miliaressis, 1980).
Finally, the anatomical dissociation of the substrateg'fof
selfrstimulatisn an@ stimulation-escape (Bielaﬂew g Shizgal, - -
Miliaressis, 1983) ?as been inferred through the use of
psychophysical methods. Some of these findings have been
substantiated by direct electrophysiological recording (’\\
(Shizgal et al., 1982). Furthe;mo:e, electron microscopic oot
examination;of tissue derived from self-stimulation regions
is compatible with the above estimates (Nieuwenhuys,
Geeraedts, & Veening, 1982; Szabo, Lénard, & Kosaras, 1974).
That is, given the relationships between‘conduction
velocity, refractory perioq, and axon diameter, a large
proportion of axons are morphologically consistent with the

behaviorally-derived neurophysiological characteristics.

The results of the above analyses have pro&ided a
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16
responses for hypothalamic stimulation, Desdpite their sorry
state, the animals usually Aisglayed acquisition within the
first half-hour of training. This finding questions the role
of'the ascending dopaminefgic pathways in the.su%sfrate for
MFB self-stimulation since all of the dopamine termiﬁa;
fields in the forebraih were removed o} damaged. df cour se
it i§ possible that other asgending pathways relevant to the
behavior were spared. ‘ .

Recently, Stellar, Illes, and Mills (1982)

examined preparations similar to Huston and Borbély's (1973,

- 1974) except that the ablations were restricted to one

hemisphere. Using psychophysical'ﬁﬁasures to assess the

degree of impairment of self-stimulation from LH electrodes
in the,lébioneg side, they surprisingly observed normal
trade-off functions between the current and the humber of
pulseé, and between the current .and thg train duration.
Thus, despite the extensive unilaterél damage in these .
animals, the characteristics of the LH reward substrate

)

remained unchanged. Because the origins of some of the major

descending trajectories were missed by their ablations, one

hypothesis entertained by Stellar et al. (1982) is that the
path along which reward signals propagate is descending.
Alternativelf, the substrate for these rewarding effects

. -’
comprise ascending or descending fibers that cross the

¥midline. ~»

Finally, electrical stimulation techniques have

N
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reward fibers is lacking. The inherent difficulties of
interpretation with many of the procedures and the use of

behavioral output measures renders most conclusions

ambiguous.

Rationale for the direction experiment

Experiment 3 of this dissertationrgaploys constant
ou%put procedures to.determine the direction in which the
_directly stimulated neurons mediating MFB stimulatioé
project. The anodal block procedure is applied using two
self-stimulation electrodes along the MFB, each of which
serves either as the anode or the cathode. The inferénce of
direction is based on the degree to which the
hyperpolarization induced by the anode reduces the rewarding
effect of stimulation at the cathode. Provided that the
electrodes affect some of the same reward-related fibérs,
hyperpolariz%gg current should pfevent impulses from
reaching the synapses of the reward-related neurons when 1)
the anode is loFated Setween the cathode and the criéical
synapses, “and ?) the pulse duration equals or exceeds the
interelectrode conduction time.

&he first and second experiments serve. as
prerequisites for the direction test in that thég!ideniify
electrode pairs and currents that sgimulate some of the same
reward-related neurons at two levels of the MFB and estimate

P
the time réquired for impulses to traverse the segments, of
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observed due to the summat‘if)n of subthreshold local
potentials. When the C-T interval is increased but within
the absolute refractory period, the muscle will fail to be
activated because the T pulse will fail to stimulate any
neurons. Intervals that just exceed the absolute refractory
period of neurons in the région nearest the tip should cause
an observable contraction. The amplitude of the contraction
will increase steadily as th.e C-T interval is pushed farther
into the relative refractory period range and the border of
the stimulation field produced by the T pulse sweeps throuqt{
the second region déscribed above. A full-sized contraction
will only be observed when the C-T interval surpasses the
relative refractory period.

The interpretat':ion of doﬁble—pulse stimulation ‘is
more complicated when the density of fibers varies from
region to region; the contribution of the various phases of
excitability will now depend on the distribution of fibers
within each region. A large proportion of neurons near the
tip will elicit a sizeable muscle contraction at C-T
intervals just greater than the absolute refractory period.
In contrast, if the largest proportion is further fram the
tip; no response will be elicited until the absolute -
refractory periods. and at least part of the relative
refractory periods are exceeded. The magnitude 7of local

Y B
potential summation will depend on the relfttive densities of

\ ‘, .
fibers in the subliminal fringe and the.suprathreshold

'
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A solution for obtaining more consistent measurés
of recovery was proposed by Yeomans. He suggested a
different method of scaling refractory period data. Ho}ding
the C-T interval constant, the frequency was varied and the
° response rate recorded. A family of functions relating
frequency to response rate was generated, each representing
a different C-T interval. He found that as the C-T interval
increased, the rate versus frequency curves shifted to the
left. To describe this pattern, he determined the frequency
that corresponded to a criterion level of responding for
each curve. Each of these frequenciegﬂwas then compare& to
the frequency aésociated with trains composed solely of C
pulses. In this manner, an effectiveness function was
computed. The computational formulae‘are given belﬁg.

. Yeomans's scaling procedure requires a few simple
assumptions - that response rate is monotonically related to
the total level of excitation and that the behavioral weight
of each pulse is invariant over the tested range of '
frequencies. Empirical support for these assumptions has
been reported (Gallistel, 1978; Hawkins, Roll, Puerto, &
Yeomans, 1983).

Using this method to reassess the data collected
at different frequencies, Yeomans found for the a§3:

placement, little across—subject variation in data
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refractory period data mirror the excitability properties of
the axons beneathﬁthe electrode tip rather than the ‘
properties of heurons that receive synaptic input from the
dir?ctly stlmulatgd cells. Pirst, the curves exhibit
features thét are reminiscent of relative refractory.periods
and supernormél periods (Yeomans, 1979). Second,,the‘early
part of the curve may be influenqed by changzjjin pulse:bair
interval as little as 0.1l msec; it is unlikeX¥y that synapses

could 'be faithful to such precise temporal information.

_ Third, the entrainment phenomenon (Kocsis, Swadlow, Waxman,

& Brill, 1979)- suggests that axonal properties are being

measured. During tﬁe relative and supernormal periods,

- impulses undergo decreases and increases in conduction

velo%ity respect%%:. In sufficien‘ long axons, the

intersplke inter

~a constant 1nterval and no longer resembles the orlgxnal c-T

interval. Pourth, the behavioral data are in good agreement
with the electrophysiological determination of excitability
. N

cycles recorded at brain stimulation reward sites (Shizgal

‘et al., 1982). Taken together, the above points favor the

proposal that the behaviorally.éerived curves express the
membrane‘charactetisticé of the directly activated

substrate. 1In additiﬁq, the refracgory'period experiments
{llustrate the plausability of’the psychophysical approach
and offer credibility1ﬁo the trade}off functions relatfng

other physiological properties.

h uring, pfopagation becomes entrained to |

Y ———
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co%}isions will occur between the'orthodromic impulses from
the electrode receiving C pulses and the antidromic impﬁlses
from the electrode receiving T pulses. As a result only the

\6rthodromic volley triggered by the T pulsé'will reach the :
synapses. As the deiay is lengthened to exceed the sum of
the cgnduction time between the C and T electrodes and the
refractory period of the fibers under the T electrode, two
volleys reach the synaptic terminals. The curve reflecting
collisioﬁ effects is drawn on the right side of Figure 2a.
At short C-T intervals, the effectiveness of double-pulse
stimulation is zero, indicating that single and double
pulses have equivalent behavioral effects. The abrupt and
mainta}ned rise in effectfveness that occurs at loﬁger G@E
intervals indicates that double-pulse stimulation is twice
as effective as single-pulse stimulation. The delay at which
the effectiveness scores increase, referred to as the
collision interval, is interpreted as the sum of the
interelectrode time and the refractory périod. Division of
the difference between the conduction time and refractory
period into the interelectrode distance Yields an estimate
of the conduction velocity.

What are the grounds for interpreting the abrupt '
change in effectiyeness as recovery from a collision block? |
First, the C-T inkerv t which recoéery from collision
begins.is much later than the earliest recovery associated

wiﬁh refractory period curves in rewarding MFB sites.

ot e amac e e  oneenn e w5 .- R Y e T
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"strength and direction. Most relevant to the concerns of
this thesis was the finding that muscle contraction elicited
" by cathodal stimulation of the motor nerve was ﬁﬁiminated
when the anode was placed between the cathode and the .
muscle. It appeared that the impulses generated at the
cathode were prevented from propagating past the region of
the nerve unde; the anode. In contrast, there was no
reduction of the muscle contraction when the anode and
éathode positions were reversed. ‘ .
Current entering a neuron from an anode diminishes
excitability b& hyperpolarizing the membrane. To calculate
. the magnitude of the hyperpolarization required to block
conduction, one must take'into acqount the safety factor of
the membrane. The point is illustrated in the following
example. For the -sake of simplicity an electrically linear
membrane with no threshold accommodation is assumed.
Suppose the resting potential of the membrane is
-70 mv, the threshold for excitation is -58 mv,'apd the
current arriving from an oncoming action potential is
sufficient to depolarize the membrane to -34 mv. The safety
factor refers to the ratio of the difference between the
resting potential and the threshold potential and the
difference between the resting potential and the potential
that would be achieved passively as a result of the exit of
current from an oncoming action potential.

In the normal case, an acﬁion potential would be

) e g A T s oA s - - - —
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short pulses propagated successfully to the muscle. When the
durations were adjusted to exceéed the time feduired for
impulses in even the slowest fibers Eo propagate from the
cathode to the anode, a total failure of conduction was

"observed. At intermed;ate durations, a graded block was -
Ebse;ved, and the magnitude of the block increased with the'
pulse duration, When the cathode lay between the anode and
the muscles, all fibers were excited irrespéctive of pulse
duration. In this manner, Kuffler and Vaughn-Williams (1955)
were able to dissociate differént groups of fibers. That is,
steady increases in the pulse duration blocked conduction in
_fibefs of increasingly smalier size,
I have described this experiment in detail because
of its gsimilarity to the design of the direction study in i-
this thesis. 1In particular, this study highlights the key
'relationships between anodal hyberpolarization block, pulse
duraéion, conduction velocity, position of anocde and‘ - -
cathode, and direction of conduction. These relationships
.are at the root of the principal experiment reported below,
Experiment 3.
The direction study in this thesis is conducted by
. applying anodal and cathodal .currents to two electrodes
positione& along a pathway in which the conduction velocity

has been estimated. The collision and refractory period

, ,Gata, collected in the first two experiments ensure that at

———

least a subset of the stimulated fibers are activated by.
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Figure 3: ' Theoretical strength-duration function. The
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strength of the current is plotted as a

~> function of the pulse duration.
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through depth electrodes alone. When the anode is between

the somata and the cathode, the impulses triggered at the
cathode can propégate unhindered to the synapses, Only the
function obtained from stimulating with the anodé’between

the cathode and the synapses will be pulled up at long
durations.

@

One reason that the comparison of
strength-duration curves obtained from pairs of dgpth
,electrodes may be misleading is because the first-stage
neurons activated at each site may not have identical
strength-duration properties. Aléhough the subset of
elements common to each site are expected to have similar
strength—-duration characteristics, the remainder may not. To
avoid this confound, the strength-duration curves obtained
with a given depth electrode as the cathode and a second

depth electrode as the anode is compared to the

strength~-duration curve obtained with the same depth

.

electrode as the cathode but the skull screws as the anode.

If the tip of the cathode is the only source of stimulation,

then the\@gproné excited ip these two conditions should be
A (O
af

very simi . Moreover, the demonstration that the shape of

the stréngﬁh-duration function is independent of the angle

of currentkflow Suggests that the above comparisonsis a
i ¢ :

]
Rushton (1927) demonstrated that the angle at which current

passed thré'gh the nerve had no effect on chronaxie
[ '?\ )
!

! . | )
{

valid one.\iIn éhe toad sartorius nerve-muscle preparation,
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P .

Figure 5: , An illustration of the relationship between
C the single- and double-pulse conditions. (a)

Trains 8f single pulses (C pulsés) are

presénted. Sipce the train duration is
always held constant, there is a reciprocal
relationship between the number of pulses
and the interval between pilses (C-C :
. “interval).: (b) Fof the doub;e—pulsé

' condition, each C pulse is fdllowed by a T

pulse of the same amplitude.
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67 :
scaling the Eﬁfectiveness value accordingly. When .the LH and
ﬁ"VTA yield i&enticq} required-number values,.the fraction on
the right reduces to 1 and the formula is the same as that
used in the refractory period study (see Engriment 2). )
Histology. When all experiments wege gompleted, . L
the animals were injected intfaperitoneally with a lethal B
dose of sodium pentobaréigal and perfused intracardially
with physiological saline followed by 10% formalin. The
heads were removed and placed in a stereotaxic in order to
remove the electrode assembly. This was done by carefully
drilling throggh the bone surrounding the dental acrylic cap | ;
which could then be easily lifted off the skull without
disturbing the electrode tips. The distance between the tips {
was measured with a microﬁeter.
The brains were removed from the skull and placed ;
in 10% formalin for at least 24 hr. They were then frozen
and sliced into 40 pm sections that were later stained with
thionin. The Pellegr;no, Pellegrino, and Cushman (1981) .
atlas was used as a reference in locating the electrode

#
p}ps.

> - Results and Discussion

AR et e 2 bk - e Sie

Histology
The location of the electrode tips is shown in

A ,
Figure 6 with the anterior placements on the left and the
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_ posterior placemenﬁﬁ on the right. The drawihgs are tracings

»

of the atlas plates (Pellegrido et al., 1981) that best
correspond té the sections conéaining the electrode tip
tfacks. Histology is not available for subject D=-2. Ail
anterior and posterior Qlacementé were found to be in the LH
and VTA respectively. Thi%VTA electrodes appeared to be

just rostral to the intended target while the

set begide the anterior placement of M~-20 due to uncertainly

as to the position of that electrode tip.
‘ .

*

Pilot collision data

¢ Bl b

Of the 65 animals prepared for-this q}dﬁy, 30

ﬁassed'the initial screening criteria for inélusion in the

experiment. 0f>these, 6niy five demonstrated a clear

' collision-llkepeffect in pilot testihg. With one exception

Q

~

(SL-19), subjects tbat failed to demonstrate collision-like
effects were excluded from the ;emaiqder of the experiment.,

In all but one case (D=29), the inténsities
required to observe a collision ‘effect were rather high, (see
Table 1) at leﬁst in the LY, suggéstiﬂg that the failure to
'Abserve #ollibion at lower intensities was due Eo a

misalignment of the electrodes in the bundle of * = ~

*

-electrode tips lay closer to the midline. A quést;on ﬁark is .

e e
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Pigure -7: " The results 6f €he collision tests for each

. ‘ subject. The effectiveness of paired-pulse !
1 ' . i ! - .
stimulation is plotted as a function of C-T _; €
o )
' interval. 1In the anterior-posterdor - -

. . condition (filled circles) the C pulse was ’ A s

1] e )
. deliv;iiéx;o the LH and the T pulse was
) v

, P delive d to the VTA; in the
N | " posterior-anterior condition (open circles) -

L
-

. - . this order was reversed. The alphanumeric - i
| . | SR appearihg either intthe center 'of a pair. of q,/
| R . Lboxes or in the.top/left corner of a box ) . l
| X@entifies tbe”subjgct. A pair of boxesy 'f S
* indieates Fhat»tésts were conducted a&‘twp ¢ )
o | : " pairs of currents. The high and low current . . #
‘ results appear.in the left and'right’boxés’ .l ‘

respectivély; - A S . . & *
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1978; Feltz & Albe-Fessard, 1972; German et al., 1980;
\59yenet & Aghajanian, 1978; Maeda & Mogenson, 1980; Takigawa
& ﬂoéenson; 1977; Yim & Mogenson, 1980). It was important

for us ‘to estimaﬁg conduction veloc§t§ in the most
conservative possible manner in order to make more
meaningfgl any differences between our behaviouraliy degived)

estimates and the low values obtained S
»

] electrophysiologically. So that the values computed here

COuid be added to the conduction velocity estimates obtained
earlier, the criterion for recovery chosen by Bielajew and
Sh;zgal (1982) and Shizgal éi al. (1980) was employed..
Because the'conductioﬂ velocity measures are minimized by .
this procedure, they provide a lower limit for MFB reward
nelurons. Values similar to the Hiéhe} estimates in Table 1 '
have recehtly been reported from another labor;tory
(Durivage & Miliaressis, 1983).

'Por purposes of the direction study, the more
critical data in Table 1 a%e the interelectrode conduction
times which range from ois to '2.15 msec acrossa_subjects.
These values sﬁ?uld be related to the shortest pﬁlse\
durations at wﬁich anodal block is.observed; Tgﬁs predictionf

isftested in the third experiment.
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The results of the refréékory period tests

from each sub?éct and placement. The

" effectiveness of T pulse stimulation is

. plotted as a function of F—T intervalt. LH -

results are represented by filled circle?v
VTA results are represented by 6pen c¢ircles.

The 3lphanumeric in the center of each pair

.0f boxes or in the left top corner of a box

ideﬁtifies the subject. A pair of boxes for
a given subject indicates that tegts were -
conducted at different currents with high
current data on the left and low current

data on the right. =
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" Table 2 ) '
A .
~ . : ¢ C-T interval (msec) corresponding to the minimum

effect%veness value ‘at each stimulation site

5

Subject LH - " VTA

D-34, high current 0.2 0.4
D-34, low current 0.4 0.4
D-6, high current 0.4 & ° 0.4
D-6, low current 0.4 0.4 .
I's
D-29 0.4 0.6
| D-2 0.6 0.6
| M-20 ' 0.2 0.4
0.4 . 0.4

' SL-19
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i “r

. v . Table 4 1
: Results of F tests for determlnlng equality of regression

lines for across-placement comparisons
' A
Subject ’ F ratio as Significance
. Level .

D-34, high current , 1.156  2/42 0.325
D-34, low current ) 15.174 .2/47 8.2x10"6
D-29 Lo 4.788 2/32 0.015%
D-6, high current 14.150  2/44 1. 8x10'5*
D-6, low current 18.204 2/43 1.9x10-6%
D-2 ’ 0.542 2/28 0.588
M-20 2.843  2/32 0.073
SL-19 4 2.129  2/24 . 0.141

*significant (p .025)

c} .










The untransformed and transformed refractory

' period results regrouped to illustrate

¥

differences in current. The LH data appear

above the VTA data. Filled circles represent

.
= :

the high current conditions; open circles
represent the low current conditions. The
qntransformed and transforﬁed data are
located to the left and right ofjghe

alphanumeric that ideptifies the subject.
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associated with ‘the rising portion of LH and ﬁTA refractory
period curves was found. These VTA curves required an
hverage of 0.5 msec longer tﬂan the LH curvessto attain
complete reco?ery.

The second finding was that atﬁleast in the VTA,
the r;nge of C~-T intervals corresponding to recovery
depended oh tﬁe current. Higher currents yielded

significantly shorter refractory periods than lower

currents.

L

In summary, these results, although rather e
preliminary, raise questions about the circuitry underlying
brain-stimulation reward in the MFB. It appears that subtle
differences in refréctory period characterigtica might
distinguish_ the cells involved in self-stimulation of the
Lﬁ/and VTA, adding greater resolution to Ehe criteria

N

defining reward-related elements.
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. used. One pair of cathode curves. was obtained with high

DN
>

current stimulation, the othgr with low, current stimulation.

) :
. @ ' x
“ 0 :

Procedure : > | -

The directiqQn tests began after the collision and
ref;actory period tests were completed. For each stimulation
condition, the following pro&edure(was employed. With the
number of pulsges held‘constant at the v‘alues obtained from !
Experiment 1, the current was‘ varied from a level yielding X
maximum performance to a level at which there was little or
no responding. The required current, defined as the cuir,rent
corresponding to half the magimum response rgte, was
computed by interpolation. Th; required current was
determined for a series of pulse durations, ranging from 0.1
to 6.4 msec across subjects. Each subject received 2:8 tests
of each stimulation condition; the conditions were tested in
an ‘{nterdigitated mahne;:.

The resulitin‘g strength—durAation functions were
plotted on logarithmic coordinates iri order to distinguish _
‘between parallel sdhifts and char(ges in shape. The functions

were paired so as to highlight the critical comparisons.

1
|
J
!

ﬁesults and Discussion

The shapes of the strength-duration functions

The strength-duration curves for each subject are
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collision-like effects. This finding is consistent with the
notion that the hyperpolarization induced at the VTA blocked
‘the propagation of some signals generated at the LH cathode, .
and forced the strength-duration function to decline less ;
- steeply at pulse durations approaching or exceeding the
interelectrode conduction time. Accordipgly, the simplest
explanatioh for the data in Figur; 11 and 12 is that the
behaviorally effective direction of conduc?ion in the first
stage is descending.
In the hypoéhetical examples in FPigure 4, the
" anodal block causes the strength-duration function .
representingAstimulation with the anode between the cathode
and the terminals to diverge from the curve representing
stimulation with the samé cathode and a skuli-screw anode.
In contrast, the curves in Figure 11 that are interpreted to
reflect an anodal block all converge towards the curves
representing stimulation with the same cathode and -a .~
skull-screw anode. The claim that the cﬁrves in Pigure 11
are all consonant witﬁ the predibtions expressed in Figure 4
is ‘bagsed on the non-parallelism of one set of curves'from .
Figu;e 11 and not on the relative position of the curves on
the ordinate. If the LH curves in Figure 1l were forced to
begin at the same point, ghén these curves would indeed
diverge. The factors that alter the position of the i ?

functions on the ordinate are discuésed below.

What plausible effects other than anodal block are o
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onset of the block excegded the estimated interelectrode
conduction time? A p}ausible ;axplanation is based on the
conc,épt of utilization time. At long pulse durations,
neurons nearest the tip are likely excited earlier during
the pulse than neurons farther from the tip. As a result,
the arrival of impulses at the hyberpolarized. region may be
significantly stiggered. 1In addi'tion, the degree of
hygﬁerpolariz&tion in elements under the anode will depend on
the distance of cells from the tip. Initially, impulses
arriving near the tip of the anode have a greatér '
p}:obability of being blocked than impulses arriving J.n the
outer regions of the hyperpolarized field where the current
density may be too weak to produce an effective block.
Con;equently, a longer duration may be required to block
impulses conducting far frofn the tip. The fact that
coilision effects’ are usually observed qx}ly when the
curren‘ts at which each electrode isg tested are rather high
suggests that the fibers common to both fields are located
distant from the tip. It is possible, then, that the anodal
block in these fibers occurs later than is suggested by ‘the '
interelectrode‘conduct':io,n time due to the increased
utilization time at long pulse durations and the decreased
strength of t;.he hyperpolarization block as distance from the
anode is increased. Because only short pulse durations (0.1

msec) are used in collision tests, differences in

utilization time cannot make a detectable contribution to

S e e ot 4 - e e “*“"’"‘“‘w“wvﬂ.w.wwﬁﬁ“ v
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increasing utilization times.

The position of the strength-duration curves on the ordinate
[

At short pulse durations, the }equired current was f
often much lower when two depth electrod;s were used than %
when a depth electrode/skull screw combination was used.

This effeét manifests itself in the ratio data plotted in

Figures 11 and 12 as lOglo values at the short pulse

" durations that are markedly different from zero. The effect

is most pronounced in the LE~ VTA* case. Note that in :
Figures 11 and 12 (left panel), the required current for
short pulse durations in the LH™- vrat condition is almost
always less than that for the LH™ ss* condition. There may -
be at least two reasons for this effect7 First, the
diffezegce in thé LH- strength-duration functions at pulse:
durations too short to int;rfere with conduction may reflect
the lower threshold‘of MFB fibers to longitudinal current
flow. Fibers parallel to the alignment of the electrode tips
are more easily stimuiated than fibers perpendicular to the
alignment of the tip due to the increased voltage gradient i
set up along the fiber (Ranck, 1981; Rushton, 1927). If that
is the case, then why wasn't the requifed current also
reduced to the same degree when the VTA™ rat condition was

tested? In order to answer thg%, a highly arbitr

geometric arrangement would have to be contrived anq the

exact path of current flow known. Although this explanhation
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curve in Figureé 11 and 12 is listed in Table 8. The L
eétimgtes were derived from a weighted regression analysis {‘ |
(BMDP1R). The average chronaxie estimate for each
- stimulation condition and current levél his also been
included in the table. Because bf the fe; extreme scores,
the median estimate was noted as well.

Note that in every subject, the chronaxie of the
LH™ V;;!A+ curve from the high current condition was
substantially less than the chronaxie for the corresponding
LE- ss* condition. The median chroéaxig/ﬁalue for the LH™
VTA+ condition, 0.61 mséc, is less than half Fhe median d
chronaxie for the LH™ ss* condition, 1.62 msee. This
difference was statistically significant (p<.05; Sign test).
No significant difference was found when the VITA electrode
was dsed as the cathode and either the sku;l screws or the
second electrode was the anode. The median chronaxie values
for the remaining combariscns (low current data? differ by
no more than 11%. ) . ‘

In this analysis, the shape of each |
strength—-duration curve was deicribed by a single number,
the chronaxie. The legitimacy of reducing each curve to a
single number depends on how.well the hyperbola fits the
strength—-duration function. The Pearson r values obtaiﬁed
from the analysis (Table 9) were higher than 0.90 in 32/36’
curves and higher than 0.80 in 35/36 curves.

It is somewhat troubling that the chronaxie
’ r
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stimulation. Nonetheless, it is extremely unlikely that this
is the only reason fo; the difference in the shape.
Accordingly, there appears to be no reasonablefﬁay to
account fo; the differences in the g%ape withbnt appealing
to the anodal-block effect.

Signficance of these findings

The resulﬁs of the experiments presented in this
thesis suggest that the neurons resgonsible for' the
collision effects conduct signals in the rostrocaudal
direction. Only one electrode configuration was consistent
with this interpretation - when the LH served as the cathode
and the VTA served as tﬁe anode. Nonetheless, the

contribution of ascending fibers to the pathway comprising

the directly stimulated reward-relevant bundle cannot be

ruled out. In severa) of) my subjects, the difference in the
currents between thej LH |and VTA was biased towards the
detection of a desceddin pathway. Howé#er, in the one
subject with equal rrents. (D-29), no ascendiﬁg c&mponent
was observed. Thus{ the best explanation for the data in
Experiment 3 is that “the first stage reward fibers are
characterized by a descending bundle.

\ Therimplications of this finding ;re several.
Pirst, it reinforces the idea that the neurons responsible
for thg rewarding effect that contribute to collision

effects are non-dopaminergic. Second, combined with the
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