=Abstract=
Effect of the Changes in Arterial Carbon Dioxide Pressure on the Neuronal
Activities of Rostral Ventrolateral Medulla in the Cat

Young Tak Lee, M.D.*, Chong Whan Kim, M.D.**, Jun Kim, M.D.**

Endogenous analgesic systems are known to be activated by peripheral noxious stimulation as well as
arterial carbon dioxide elevation. In the present study, neuronal activities in the rostral ventrolateral med-
ulla were identified and classified in according to their rhythmic activities, and their responses to noxious
peripheral nerve stimulations before and after elevating the arterial carbon dioxide partial pressure were
investigated.

Using extracellular recording technic, a total of 53 spontaneously active neurons were recorded from the
rostral ventrolateral medulla in a-chloralose anesthetized cats. These were classified as cardiovascular (28),
respiratory (16), both cardiovascular and respiratory (2) and noncardiovascular - nonrespiratory (7).

Among the 28 cardiovascular neurons eleven showed increased activities during arterial hypercapnia,
thirteen showed decreased responses, and four showed no change. Nine respiratory neurons showed
increased responses to arterial hypercapnia, six showed decreased responses and one showed no change.
Neither of the cardiovascular and respiratory neurons showed significant change in its activity during ar-
terial hypercapnia: however, four of the noncardiovascular - nonrespiratory neurons exhibited decreased
their activities in response to arterial hypercapnia while two exhibited increased activities.

Arterial hypercapnia increased the responses of cardiovascular neurons to peripheral nerve stimulation
with C-intensity, while not changing the responses to A’-stimulation significantly.

From the above results it was concluded that during arterial hypercapnia, some cardiovascular neurons
and respiratory neurons have increased activities as well as increased reponses to C-fiber stimulation.
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Fig. 1. Typical discharge patterns of nerve cells recorded
from the rostral ventrolateral medulla. The cell in A panncl
showed spontancous periodic discharge pattern related to cardiac
rhythm and B cell, to respiratory rhythm. C cell shows relation
both to cardiac and respiratory rhythms. The post R wave
histograms (A & C) were compiled from 500 sweeps using EKG
R-wave as trigger signals and the post PCO:2 level histograms
were compiled from 10 sweeps using t' ¢ pcak PCOz level as trig-
ger signals. INT —H ¢ interval time histogram.
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Fig. 2. Responses of medullary cardiovascular neurons to ar-
terial hyper an hypocapnea. The cell in A pannel increased its
activity in response to arterial hypercapnia while B cell decreased
its activity in response to hypercapnia. Hyper and hypocapnea
were induced by respiratory tidal volumes. Vr : respiratory tidal
volume in ml.

A EZFo] 718, YEFZS 35mldl A 45mlZ F7}
Al A AetibEg st oy Al 2&8-50] Fasta s Al
F 2 olu FHdgte) WE-L F23HR ¢ttt Bell Hal
Az AN ESb = w2 A5 FFS T/ A AvkibE
< fusldy A x&Fe] FUlEta, A3 EFFE A
Al A FHetibe fastgdoiy Axe] o] AAHA
o} 25 2870 9) Al @A A EE s vl o]F 13
Ao A EE ghalzbs B-glo] Fobal of Al 2&Fo] 34
st BbA7kAo) el M 28 Fo] Frhstdc) ol
Algolvt FAZE v EE dubzal T34 AlEe] vt
7ol thE Wh-g- oFAtolebar A ZbElt). 470 8] A Eell A=
EHY ehabrla Bore] wiFo] M2 Fol & F%e F
A Z3hgdch 11709 A Ex sibrbs Bste] Asd o
Ao BEE Frpsta Esfo] oA A £ T e
astdch 1105 dle Febibdel A Lol Al 285
o] Zrlslg e Fo 7o kA A=A} HE
stk o2 jk Al E 9 ¢l & Fig. 3.9 EAIEHATE o] Al X
£ post R-wave S| 2E 2ol A AAE 3 FHHY F
718} A=A st F71A FFL 2 om(A) 10% BA RS

—480—



ol 2] %]
1996:29:477-86

I S 2 AN

b A A EXG

caund

2] 200 N0 &00 ROO nonMms

8 NS O P

2557 Y 36.2 Y296
0 porey ERLATIMEETIRSY €0

—10% CO2 | Umin

A PEO'M

tale

s

400 500 sec

Fig. 3. An example of cardiovascular neuron which showed
initial excitation followed by inhibition during hypercapnia
induced by vontilation with air containing 10% carbon dioxide.
The cell was determined as sympathoexcitatory cell(C) and
showed cardiac related rhythmic activity(A). Cell activity was
incrcased initially by hypercapnia, followed by complete inhi-
bition. After cessation of carbon dioxide inhalation cell activity
increased above normal Ievel and maintained for a long time.
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Fig. 4. Responses of medullary respiration related neurons
to arterial hypercapnia. The cell in A pannel showed increased
responsc to hypercapnia induced by decresed tidal volume. B cell
decreased its activity during 10% carbon dioxide inhalation fol-
lowed by higher activity after cessation of carbon dioxide inha-
lation. C cell activity was increased t>llowed by complete inhi-
bition for a couple of ten scconds and slowly return to control
level.
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Fig. 6. Responses of non-cardiovascular and non-respiratory
neurons to arterial hypercapnea. these cells showed spontancous
discharge but no apparent cardiac and respiration related
rhythms. Hypercapnia decreased cell activity in a pannel while no
responsc in B cell
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Fig. 7. Effect of respiratory arrest on the activity of cardiac
related neurons in the rostral ventrolateral medulla. In A
panncl, respiratory arrest inhibited the cell activity completely and
irreversitbly while inhalation of air containing 10% carbon diox-
ide had no effect on cell activity. The cell in B was inhibited by
both respiratory arrest and inhalation of carbon dioxide.
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Fig. 8. Effect of arterial PCO2 elevation on the responses of
meduliary neurons to noxious peripheral nerve stimulation.
Post stimulus time histograms were comnpiled from 20 sweeps of
cellular responses to the sciatic nerve stimulation with intensity of
A’-or C-fiber activiation. A pannel : control response : B pannel
responsces after inhalation of 10% carbon dioxide(l /imin). As
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