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Fig. 1 The location and the innervation of the
carotid body. The carotid body (CB)
is located near the bifurcation of the

common carotid artery (CCA) to the
internal and external carotid ar-
teries (ICA and ECA, respectively). It
is innervated by the carotid sinus
nerve (CSN), a branch of the
glossopharyngeal nerve (IX), and a
sympathetic branch from the superior
cervical ganglion (SCG). APA, ascen-
ding pharyngeal artery; CS, carotid
sinus; LA, lingual artery; NG, nodosa
ganglion of the vagus (X); OA, occipital
artery.
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Fig. 2 Our symplified hypothesis for
chemotransduction in the carotid
body. Hypoxia or hypercapnia
depolarizes the type I cell and activates
voltage-gated calcium channels to in-
duce the entry of calcium into the type I
cell, which is followed by the release of
neurotransmitters (NT) and the increase
in sensory nerve activity.
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Fig. 3 Experimental setup for selective perfusion of the carotid body (CB)
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«————— VENTILATED WITH 8 % O,

HYPOXIC PERFUSED WITH KRB

and carotid sinus nerve (CSN) recording. As described previous-
1y4?, catheters were inserted into the common carotid artery
(CCA) and the lingual artery (LA). For selective perfusion of the
carotid body snares around CCA and external carotid artery (ECA)
were occluded, and the lingual catheter was opened. Modified
Krebs Ringer bicarbonate solution (KRB, in mM: 139 Na, 3.5 K,
1.8 Ca, 0.6 Mg, 126 Cl, 19 HCO;, 20 glucose) was perfused at a
rate of 7 to 8 m//min with a peristaltic pump. Perfusates were ex-
posed to several kinds of gas mixtures. Except for the perfusion
period (usually 90 sec), the carotid body received its own natural
blood supply. Carotid chemoreceptor neural activity was record-
ed from whole carotid sinus nerve in which baroreceptor activity
had been eliminated. APA, ascending pharyngeal artery; ICA, in-
ternal carotid artery; OA, occipital artery; *, three way stopcoks.

© Normal KRB
o Ca free KRB
ISE
N=10

N SESINE TR
_y'b—

4«—— HYPOXIC BLOOD —mM8MH ————»

BLOOD
0 30 60 900 30 60 90 120
(min) (sec) (sec)

Time course of carotid chemoreceptor response to hypoxia, perfusion with
KRB or calcium-free KRB exposed to 95% N, and 5% CO,. Maximal
chemoreceptor response to hypoxia before perfusion was expressed as

100%. *, significantly different from control KRB perfusion (p <0.05).
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A. DOSE-DEPENDENT INHIBITION OF HYPOXIC RESPONSE BY VERAPAMIL

[ Verapamil E0,M, TIIOMM, MS0uM, MIOOuM,  ISE, N=5

50t

Carolld Chemoreceptor Activily (%)

30 sec 60 sec 90 sec 30 sec 180 sec
L—— KRB Perfusion ———— Post-perfusion Hypoxia =

B. DOSE-DEPENDENT INHIBITION OF HYPERCAPNIC RESPONSE BY VERAPAMIL

Verapamil @30uM, CI104M, WNSOuM, WEIO0uM,  I:SE, N=5

Carotid Chemoreceptor Activily (%)

30 sec 60 sec 90 sec 30 sec 120 sec

——— KRB Perfusion ——' Post-periusion Hypercapnia

Fig. 5 Dose-dependent effect of verapamil (a
calcium channel blocker) on chemorecep-
tor responses to hypoxia and hypercap-
nia. Carotid chemoreceptor activity was
expressed as percent of pre-perfusion
maximal chemoreceptor activity under
hypoxia. *, significantly different from
0, 10, 50 uM; *, significantly different
from 0, and 10 uM; i, significantly dif-
ferent from 0 uM.
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blocker T# % 9-AC (9-anthracenecarboxylic
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nia ORIEIX 9-AC DREICHE > THFISh, 4
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Type I cell ®» K channel (% hypoxia iZ X - T
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High CO, Low O,

Carbonic Anhydrase*1

HCO, - Eflux through Cl Channel

H' *2 ¥ Function of Na/K ATPase

*3

Slight Depolarization

¥ K Current
Depola‘ﬁzation
Ca Channel Activation

+d

4 Neurotransmitter Release

4 Carotid Chemoreceptor Neural Activity

Fig. 6 Our overall hypothesis describing carotid body chemotransduc-
tion. There is substantial evidence suggesting that two separate
mechanisms are involved in the chemoreception of hypoxia vs
hypercapnia. During hypoxia or hypercapnia the increase in
cytosolic calcium in the neurons is provided by the influx of
calcium through VGCC after undergoing depolarization. *! : The
carbonic anhydrase is reported to be present in the type I cellsV .
*2 : It has been shown that eflux of HCO;~ ions through Cl chan-
nels is associated with the depolarization of the crayfish muscle?!.
*3 : Depression of Na/K ATPase has been reported to depolarize
the squid giant axon®.*! : Acidosis affects Ca-buffering and
Ca-sequestering system?’.*5 : A decrease in ATP depresses the
calcium sequestering or extruding mechanisms?.

A KRB Perfusion KRB + 9-AC perfusion
v v ' ¥
Actlvity
5 i " e
w [ : /

0 \

B KRB Perfusion KRB + $-AC perfuslon
d
¥ Y ¥ —¥ 15 sec
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Fig. 7 Effects of 9-anthracenecarboxylic acid (9-AC, 4 mM) on carotid
chemoreceptor neural responses to hyperoxic hypercapnic KRB
perfusion (A) and to normocapnic hypoxic KRB perfusion (B). In
each set of experiment, a raw trace of carotid sinus nerve (CSN) ac-
tivity (upper trace) and integrated activity (lower trace) are shown.

Presented by Medical*Online

399



400 & B #H M F12E E3F

carotid sinus nerve O HEETEEIOHEINICE R X
NTHB~NEEZ N S.
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capnia ~®RIHizix, MigA pH »EELE
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ERIINHEERBROLEEN, BERRIC KN

(1991)

Rtz &R T endbIonsd. £, £
FH, RHELESABORNBOESE (hypoxic
hypoxia, CO hypoxia, #E¥WHIE%), FEMORE
@B D hypoxia IXHBNR/INMED & O FPEEIEE)
Bk oo THHIT22W), X, KBREOKE
LEHTEARVERTH S, FMHERICOWT
BN IR D DD TENICHES HS 1Y),

—fiz, MiMmEE S L OEnERLORL, &
RHEMERMLOEMIBEI NS, LEEE~DE
ZiI3FEwR Db NBD, DB A R
bhTw3. £, EBHRNGEHEIZE - T
hypoxic pulmonary vasocontriction @ #fl» %
T30, FRBEHEIC & > THEREL.

4. WEIR/NMEOBAEICHT 2 HRBREOXE

Table 1 (2, WEEClTHEIHL T3, MREE
HOFEHRNMEDEEIZ OV TEEDTRT. B
BoOWEEIZ X > THS 01X halothane 72
FEH, TOBRIEE=HT, KBELTLBH0
X normoxia T COMKEES) (basal activity) »°
BATHERTTHD. ZhbDHETORBES
L LTIk, ZEBERRE:E halothane MAREERH O it
chemoreceptor f#{E{HE) D E)AS halothane DE
R R 7210 T <, halothane 5z X 2 MFEK
ToRREEzERBEL TR E0BTF6NH35 (K

Table 1. Effects of anesthetics on carotid chemoreceptor neural activity.

EXPERMENTAL

ANESTHETICS DOSE BASAL ACTIVITY 0, RESPONSE CO,RESPONDSE CONDITIONS REF

HALOTHANE 1-4% I ATHIGHO, | ! CAT 5
‘ AT LOW 0, - ! PENTBARBITAL

0.5-1% ¢ b CAT 9
DECEREBRATED

0.5-1% | (CAT), - CAT, RABBIT 3
- (RABBIT) PENTOBARBITAL

ENFLURANE 0.6-1.0% l AT HIGH 0, | (CAT) - CAT, RABBIT 3
ATLOW O, | (RABBIT) PENTOBARBITAL

ISOFLURANE 0.5-1.0% 1 (CAT) | (CAT) - CAT, RABBIT U
- (RABBIT) - (RABBIT) PENTOBARBITAL

THIOPENTAL 3-6 mg/min, i. a. 7 T ) CAT, RABBIT 35
16 mgfmin, i. a. NO DISCHARGE PENTOBARBITAL

ETOMIDATE 0.3-0. 6 mg/min, . a. 1 T 7 CAT 3
PENTOBARBITAL

PROPOFOL 1.5-3.0 mg/min, 1. a. i 4 v CAT, RABBIT 3
PENTOBARBITAL

Upward, downward and horizontal arrows indicate increase, decrease and no change in carotid chemoreceptor

neural activity, respectively. REF. indicates reference numbers.
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Halothane D& H~DHEL I ZZ LN TES
FLE perfusion technique #fif - 7cEER T,
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hypercapnia ~® Gz 2Tz, 8L, —
Mo RILAAZ B, —3 LIcBEREIEA S g s
- 7.

Z OFEIC BT halothane — 2% & > THTH—
HLIER BonWEhE LT, MK
F U THREREE 2 fE 4 © ion channel iEE) & 1543
B ENBTF NS, Table 2 1ZHEMARICFLE
4 % ion channel OIEENC K IFTHEEDHE L
F LoD THD. =2 TR % halothane 12
- T#H T %, halothane (%, K, Cl, Na channel
B ZEPREIR TV 53181929 Fi- [F§
U Cl channel {c%f LT1%, channel DiEEhIKAE
X TRHRENELDZENRINT V5D, BE

RILFRBIC L DIERGET & KB 401

2k 7t R MA D B BEIZE 4  ion chan-
nel OFERREICIKFE L TV5DT, KEEF TH
HERMEOBEEX, 52 bh KBS ZNT
#L ion channel (KT BHHRDO AT v R X -
TEHiZhD EHATHZ ENTES.

FREEEE D ion channel (2% 5813 2 < &I
2> THE T LOSRIENY THY, HE
RNE~DEE L&D, hhbOBIEIFi-h
ERHETHS.

5. EREHAR/)VARIEIC & B IERR A DFEED
2

FRLESEBROMBIC L > T, KPR
CEERBADKREENEH NI B iz Lklmbh
TEY, LRRHIZOWCTiRI SADTENA
TRT2h, BRNIE~DOFEEIZ O TIIRA
DIMHF N &, RFEB R L LTI Zimpfer

Table 2. Effects of anesthetics on ionic currents in neurons.

ANESTHETICS DOSE ég%%%%ﬁ% TISSUES REF
HALOTHANE 0.63% T s SNAIL PARIETAL GANGLION 18
0.86 mM T Ioeasa™ RAT DRG 29
(2 MAC) 1 Toigasay
5 mM ! I SQUID GIANT AXON 19
32 mM ! I CRAYFISH GIANT AXON 3
ISOFLURANE 0.96 Mm L RAT DRG 29
(2 MAC) L Togasat
ENFLURANE 1.89 mM 1 Toucasn™ RAT DRG 29
(2 MAC) 1 Toasm T
METHOXY- 3 mM 1 I SQUID GIANT AXON 19
FLURANE
ETHER 100 mM & Eq SQUID GIANT AXON 19
100 mM ! I CRAYFISH GIANT AXON 3
1 Ik
DIAZEPAM 20 nM 1 Teucasa MOUSE SPINAL CORD NEURON 47
KETAMINE 1-3mM | Ik RAT HIPPOCAMPAL NEURON 38
L1a
ETOMIDATE 10-100 uM y o - RAT, CAT, DRG 36
PENTOBARBITAL 30-1000 uM 1 Tensasss FROG DRG 1
0.66 mM ! I HUMAN BRAIN CORTICAL
NEURON 14
60-3000 uM T Yoquns RAT, CAT DRG 36
50 uM T Baosasss MOUSE SPINAL CORD NEURON 24
o-CHLORAROSE 0.6-1 mM 1 Toicasa RAT, CAT DRG 36

Upward, downward and horizontal arrows indicate increase, decrease and no change in ionic currents, respective-

ly. REF. indicates reference numbers.

DRG, dorsal root ganglion;*, nonsensitized; +, sensitized.
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Table 3. Effects of anesthetics on carotid chemoreceptor reflex in dogs.

ANESTHETICS DOSE BASAL LEVEL RESPONSES TO CB STILUMATION REF
HR MAP MIR HR MAP MIR
(beats/min) (mmHg) (mmHg/m//min)
NONE 85 110 0.95 b () ™ 4,25,50,51
HALOTHANE 1% 108 91 0.77 SLIGHTLY | SLIGHTLY 1 i 50
2% 114 66 0BT s ABOLISHED :++-+seveesessensens
ENFLURANE 2% 109 82 0.47 - i 1 4
4% 17 57 0,33 e ABOLISHED -+++vssevesrevsnnss
FENTANYL 4 pglkg, iv 7 106 1.10 ! i T %
8 uglkg, iv 67 112 1.42 SLIGHTLY | 1 i
MORPHINE 2 mglkg, iv 69 111 1.15 { i 1 51
PENTOBARBITAL 25 mglkg, iv 123 109 0.70 SLIGHTLY | - - 50
o-CHLORALOSE 100 mg/kg, iv 73 126 1.06 ! 7 1 50

The effects of anesthetics on circulatory chemoreflex have not been extensively studied. One group has examined

several anesthetics using chronically instrumented dogs. Two weeks prior the experiment a catheter into the ab-

dominal artery, a catheter in the common carotid artery, and a probe of a magnetic flow meter around the iliac artery

were implanted. During the experiment the dogs were intubated, and then consciously palaryzed and ventilated. The

carotid body (CB) was stimulated by intra-arterial injection of nicotine (0.2-0.4 ug/kg).

horizontal arrows indicate increase, decrease and no change in each parameter.

pressure, MIR: mean iliac resistance.

Btk » Tfiebhlc —BEOBHERLDH DDA
THh5. Table 3 FHEOLOFBREELHILDBOT
H5. ERETX, FEHRNGERE (=250
FEHIRMEEA) 2 X - CTOHMBIET, BIRE LR,
R mMEEIEL B bh, chbE 72—
=L LTUHBEORE LA D L, Abhicse
TOREECRKFOMH D 5\ i3 HEDED b
7z,
RIS S OB ERE CCEELRIET
7o, %6 0ERD LRREEFEOEABFICOWT
BETLHZLREELH DB, BRKEERT S &
IHFKEW. FEE (X EARM), =2F
Bz EARORIH, T7b b hypoxia, hypercap-
nia, acidosis &[] U & i€ 50 %0ORMBEIXH 5
WLTH, BT, H 5\ IZREEEO RO
LT\ 5 EEERICIE, BEL hypoxia % hyper-
capnia 2P - CHIERARDOLEEB A L2\ A]
BEMEZR LTV 5. fE- T, FREEEDEET T,
BRAPRELT B0 5 &\ TRZAHE YT
HBHEHAM Lo EE 2 X5,

6. = & ®
PE, EBNRMEOAET 2 LT B b

Upward, downward and
HR: heart rate, MAP:mean arterial

REF. indicates reference numbers.
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REL LTEERBE 2T I - o HHBELICE
SR LET.
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Control of Circulation by Arterial Chemoreceptors and Anesthesia
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The peripheral arterial chemoreceptors have
long been known to have a significant influence
on cardiovascular responses to hypoxia, hyper-
capnia and acidosis. The peripheral arterial
chemoreceptors are the carotid body and the
aortic body. A decrease in O, tension, an in-
crease in CO, tension, and a decrease in pH in
the arterial blood increase neural activities from
these receptors. The signal is transferred to
and integrated in the central nervous system via
nucleus tractus solitarius. When a spontaneous-
ly breathing animal is exposed to hypoxia, in-
creases in heart rate, cardiac output, arterial
blood pressure, and total peripheral resistance
are generally observed. There are some
disagreements among the investigators about
the direct
chemoreceptors on these changes in car-

effects of peripheral arterial
diovascular parameters. In general, a decrease
in heart rate and an increase in total peripheral
resistance are accepted as the direct effects of
arterial chemoreceptor stimulation.

Most studies exploring the chemotransducing
mechanisms have been carried out on the
carotid body, because anatomically it is relative-
ly easy to approach. Although the mechanisms
of chemotransduction are poorly understood,
most carotid body researchers agree that the
Type I cells in the carotid body play a fun-
damental role in the chemotransducing proc-
ess. In our hypothesis hypoxia, hypercapnia,
and acidosis depolarize the Type I cells, allow-
ing an activation of voltage-gated calcium chan-
nels (VGCC) with subsequent release of
neurotransmitters from these cells. This

hypothesis was tested using selective perfusion
technique of the carotid body. Selective perfu-
sion of the carotid body with hypoxic or hyper-
capnic Krebs solution increased chemoreceptor
neural activity as much as systemic hypoxia or
hypercapnia, when the Poz, Pco; and pH of the
solution were matched to the arterial blood.
On the other hand, chemoreceptor neural activi-
ty was significantly attenuated during a selec-
tive perfusion of the carotid body with a hypox-
ic calcium-free Krebs solution, hypoxic Krebs
solutions containing VGCC blockers (nifedipine,
verapamil, diltiazem), or hypercapnic Krebs solu-
tions containing VGCC blockers. These results
support our hypothesis. Our recent work sug-
gests the involvement of chloride channels for
hypercapnic chemotransduction. In addition,
the possibility that potassium channels play a
role for hypoxic chemotransduction has been
suggested by several laboratories.

Anesthetics could influence the function of
the carotid body by affecting channel activities
in the Type I cells or in the afferent nerves.
Recent neurophysiological studies have started
revealing that anesthetics modify the channel
kinetiks of the Na, K, Ca or Cl channels in
nerve cells. However, up to now, there have
been no studies concerning the effects of
anesthetic effects on the ion channels in the
Type 1 cells or the afferent sinus nerve.
Chemoreceptor neural activity seems certainly
to be affected by the anesthetics. The effects
of halothane, enflurane, isoflurane, ether,
etomidate, propofol, and thiopental have been
reported. Halothane is the only anesthetic
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which was studied by more than one in-
vestigator, and the results have been inconsis-
tent. More studies are needed.

The effects of anesthetics on cardiovascular
reflexes by the carotid body would be very com-
plex, because the anesthetics would work on
the carotid body, central nervous system, the
heart and the vessels. Although not many

studies have been conducted, most clinically us-
ed anesthetics seem to depress the car-
diovascular chemoreflex. During anesthesia or
even during the recovery phase from anesthesia
the anesthesiologist should not use the stability
of cardiovascular parameters as an index of the
adequacy of respiration in the patient.

Key words: Carotid body, hypoxia, hypercapnia, ion chnnels, reflex
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