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Responses to Central Chemostimuli of the Medullary Respiratory Neurons

—— Effects of CO, and pH Changes on the Rhythmic Bursts
of the pre-Botzinger Complex Neurons in Rat Medullary Slice Preparations —
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(Chief : Prof. M. AOKI)

ABSTRACT In in vitro rat brainstem-spinal cord preparations, the pre-Botzinger complex (pre-
BotC) has been assumed to be the kernel for spontaneous respiratory rhythm generation and to
induce inspiratory motor discharges in the hypoglossal nucleus (XII) neurons and the phrenic
motoneurons. The present study was undertaken to clarify the following two points: 1) whether or
not the pre-BétC neurons within the ventral respiratory group in the medulla exhibit central
chemosensitive responses to CO, and pH changes ; and 2) which is the primary chemosensory stimu-
lus, CO, or pH, if they do indeed exhibit chemosensitivities. The author examined electro-
physiologically the responses of the pre-BotC neurons to CO, and pH changes in transverse medullar-
y slices (~900 gm thick) of neonatal rat (1-5 days old).

Synchronized spontaneous respiratory bursts (0.07~0.2 Hz) in the pre-BstC and the XII neurons
were recorded simultaneously with extracellular glass microelectrodes. The responses to CO, and pH
were examined in four different groups: Group 1 (10% CO,, pH7.1;n=9), Group 2 (10% CO., pH7.
4;n=5), Group 3 (6% CO,, pH7.1;n=8), and Group 4 (6% CO,, pH7.7;n=10). All slices were
subjected to various chemical stimuli for 5 minutes. During recordings, slices were continuously
superfused (3-4 mI/min) with mock cerebrospinal fluid with elevated extracellular K* concentration
(10 mM) equilibrated with 95% 0,-5% CO, at 26-29°C.

The pre-B6tC neurons were observed to respond in parallel with the XII neurons to various
chemical stimuli. Groups 1 and 3 produced a significant increase (Group 1:40+9.1%, mean * SE,
Group 3:53+8.1%) in the burst frequency of pre-BotC neurons about 3 minutes after the onset of
stimuli. Group 2, the normal pH range, however, produced no significant effects on the rhythmic
bursts of the pre-BotC neurons. Group 4 showed a significant decrease (20+4.2%). There were no
significant changes in the burst duration, intraburst spike frequency and amplitude of the bursts of
the pre-B6tC neurons in the above conditions.

The present data demonstrate that pre-B&tC neurons respond to changes of CO, and/or pH in
transverse medullary slices. The extracellular H* in particular seems to be the primary chemosensor-
y stimulus in determining the burst frequency. These findings suggest that central chemosensitive
neuronal components modulating respiratory rhythm are located at the pre-BotC region and the
spontaneous rhythmic activity of the pre-BotC neurons reflects eupneic respiratory activity.
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Fig. 1 Schematic drawing of the transverse medul-
lary slice (~900 um thick) containing the
pre-Botzinger complex (pre-BotC) obtained
from a neonatal rat (1-5 days old). Record-
ings were made using extracellular glass mi-
croelectrodes from the pre-BstC and hypog-
lossal nucleus (XII) motoneuron. During
electrophysiological recordings, slices were
continuously superfused (3-4 m//min) with
mock cerebrospinal fluid with elevated
extracellular K* concentration (10 mM)
equilibrated with 95% 0,-5% CO, at 26-29°C.
Shaded area indicates schematically the loca-
tion of the pre-BotC. Abbreviations of ana-
tomical structures: NA, nucleus ambiguus;
NST, nucleus of the tractus solitarius; Spb,
spinal trigeminal nucleus; 10, inferior olive;
XII, hypoglossal nucleus.
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Fig. 2 Representative recording and data analysis.
A: an example of synchronized respiratory
burst activities in pre-BotC inspiratory neur-
ons and XII motoneurons. Lower trace of
each record shows the integrated activities of
the pre-BotC and XII neurons. B: an exam-
ple of intraburst spike activities in a single
burst from pre-BstC shown in a faster time
scale. A quantitative analysis was carried
out to measure cycle length (burst frequency)
and amplitude. Average values were evaluat-
ed by averaging the percentage change values
obtained from 5 consecutive bursts per slice.
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EBRE, CO, EpHODE W LV, Group 1:10%
CO. & (pHT7.15) (n=9), Group 2:10% CO,,
pH7.4% (n=5), Group 3:pH7.1-7.15% (5%
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Fig. 3 Changes in burst frequency of the group data

in Group 1. A:: a representative record of a
pre-BotC neuron. Respiratory rhythmic burst
activities were simultaneously recorded from
the pre-BotC and a XII neuron during this
experiment. 2 ¢ time course of the burst fre-
quency in the pre-BotC neuron. B: time
course of changes in burst frequency in Group
1 (n=9). Graph shows the percentage
changes from the control value. Asterisks
show statistically significant differences from
the control values using Student’s #-test or
Welch’s f-test (*p<0.05, **p<0.01).
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Fig. 4 Changes in burst frequency of the group data
in Group 2, Group 3 and Group 4. A, B and
C: time course of changes in burst frequency
in each group. Graphs show the percentage
changes from the control value. Asterisks
show statistically significant differences from
the control values using Student’s #-test or
Welch’s f-test (*p<0.05, **p<0.01).
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g% %%
% P ‘ T }
200 N.S. N.S.

Burst freq.

N.S. : not significant

7
Control

[ Control : 5%C0,, pH74
I Group1:10%CO, (pH7.1)
B Grouwp2:10%C0,, pH74
Group3: 5%CO,, pH7.1
Groupd: 5%CO,, pH7.7

Fig. 5 Changes in burst frequency of the group data
in the four groups. Graph shows the percent-
age changes from the control value. Average
values were obtained from 5 consecutive
bursts per slice before (control) and during
maximal increase or maximal decrease of the
burst frequency under each condition.
Groups 1 and 3 demonstrate significant
increase (Group 1: 40%, Group 3: 53%),
whereas Group 2, the normal pH range,
produced no significant effects on the rhyth-
mic bursts of the preBstC neurons. Group 4
shows a significant decrease (20%). Aster-
isks show statistically significant differences
from the control values using Student’s f-test
or Welch’s ¢-test (**p<0.01).

r * 1
* 1
% L
2001 T 1
&
N.S.
n=8 — -
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: 7/
-
7o n=10
=
==}
[}
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H
p % :p<0.05
sk ok 1 p<0.01

N.S. :not significant

Fig. 6 Effects of various pH changes. Average val-
ues were obtained from 5 consecutive bursts
per slice before (pH 7.4) and during maximal
increase or maximal decrease of the burst fre-
quency under each pH value condition. Note
that changes in burst frequency of the respira-
tory neurons in the pre-BotC are dependent
on protons. Asterisks show statistically
significant differences from the control values
using Student’s #-test or Welch’s /-test (*p<
0.05, **p<0.01).
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Fig. 7 Changes in burst duration (A), intraburst
spike frequency (B) and amplitude (C) of
the group data in the four groups. Graphs
show the percentage changes from the control
value. Average values were obtained from 5
consecutive bursts per slice before (control)
and during maximal increase or maximal
decrease of the burst frequency under each
condition. There were no significant changes
in the burst duration, intraburst spike fre-
quency and amplitude of the bursts of the
preBostC.
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IiTiE, IER S A AERC LGS, HFEEmo
TIEEE L D b 20% L E b RBIESEHZ L b E
ELTw3®, RICRELETHLY, FHHERERE
TUTRE, EREER VYETHNE T LT
bhd, 20701, REETTTEETORS 2
L, »OMRBHEE RS0 PSNEBRE W
WEF L3200, 5T, BEOMBRS A AERT
1, BESMAR 2TCHIBICRE SN TWEY, K%
BT, HREDO/N—R NMAED 4~12 [|/5 £ D
HEO—DIX, ZORELECHERLTWS,
4-2 iR bR

EFicBnTiE, BRI Peo, 38 35~60 mmHg @
HCHAZFRRBAKOESRD 5N 52, 207D
MR T, BENHEEICE SIS L 512 5% CO,(Pco,
35-40 mmHg) 125 LT 10% CO, (Pco, 65-70 mmHg)
ZEIR LTz, 72, pHKBIL TR, HIFRLMEAEL S 3
£FERYx pH OFEIZ, 13126.8~7.8 DMTHL ED
WEDBDHD, SHOERICBIT 3 pH ORI HFITE
SRBDThoTceFEZobN%, LdlL, Rk D
MEZEBITON D X5 4 ABRIZBWTIE, HEBA
TO, ® pH DEEAESTITLES Z L5 EETS
WHENH 2%, Voipio, Ballanyi'® |35 HiNEE5eE
AT CO,-HY B2 MHUNER % Ay TEEBN O CO,,
pH 2FBILTz, ZOWELRITEZ S, KEBRTOD
pre-BotC N = o —v > DS ERA X W EIEE L b
200~300 pgm QWX WIHEF L TBY, ERKEO pH »
TADLE, FFPEMNTOpH B 7.1 HiTH2 LT
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Fig. 8 Photomicrographs of Fast Green FCF-dyed sites in transverse medullary slices and schematic drawing of
the location in dyed spots. Ai: obex +400xm. Dyed site is shown by the arrow. A: higher
magnification of the rectangular area. Dyed site is shown by the arrow. B: recording sites are in

accord with previous studies®.

Shaded area indicates schematically the location of the pre-BotC.

Abbreviations of anatomical structures: LRN, lateral reticular nucleus; NA, nucleus ambiguus; NST,
nucleus of the tractus solitarius; Sp5, spinal trigeminal nucleus; IO, inferior olive; XII, hypoglossal

nucleus.

ANb, ZOEBOFEERR/NRICT 2720113, X
DHVR T A AEREER S 2 0EN DD HDEFZ
Y OTR

FHX AL A2 M e D L TS, IR« AR
WHHLSHIRD D 2 W IR ZBRPTEERFEEI N TV 5D
JTI {529, ZOZEFHICOWTHERISPNT
WBIeID  E e R B B R LRI D W
Tid, H IWREL Tw b E WS EERMBIAL ZITANS
n, CO, OFERIE HY k2N LT RiZa s M1
FEHESNTE /A2, ZoBICELTY, LT
WIS HY ok L s CO, OEBERIRIE D Hifs S
NTE D80, KIZRENRDL TV, KEETI,
109% CO, AFHTK LT, /N—A MNMEEORINDFED &
n, K2AF A4 AEERICEWTH pre-BotC NI
—a—uviE, CO, &I L CRET 2 I L%
ahiz. ZheDRZcEL TR, 2 BOARITR LT

R MG E S, FEEOH ZINETH-T72. L
b, KATA ZAEARTOTREALFERZ L, pH D
ZALEI B MlEst HY B O e oW Tho 7
(Fig. 5 BH8). Z OfHRIE, Bl O iEE R4
EROIREL b —HL T3, %/, CO, DFIHR
WBIL T, MERSIENETH D 2 BRI N,
L, REBRICBW TRERROBEZIIET
WA PTT, FERARHIEAN O Peo,, pH ZFEHIL T
WA bIFTRAVDT, FEOFEF CO, DEHEIIZ)
HEBHBIEELTWS D TIRRWV,

F7r, WERE= 2 —o > D/N—A MEBISS pH ICKFE
LCET 2720 TR, 7Y F=Y AT 5 RIE
I E— 27 BEAEL, HBRAEMZ 5 LIKSE
DS I S B ATREMEAS R S hiz (Fig. 6 /). L
L, ZOMICBEL T, EBRFEEPL, BIIR
HL T LERDH S EFEZTVD,
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4-3 pre-Botzinger complex neuron M{LiEREH
=2

BERER O pH 0Z/bic LTRSS EDED Sh
3 FEIM D EERARE SMEN (ventrolateral medulla, VLM)
FHEEZEET 3 LB TBY, 2aTRI
DZRENDIe { &b ZDDERMI (rostral, intermedi-
ate, and caudal areas) CEE &N T\ 5272 XY
FTIE, BESH900 pm OERER 7 A REAE 7o,
AR5 AREREZBNTSH, ZO caudal area DRH
FR—MMEENTVWEI LIRS, 7, TE, 1%
BRIz O2nT, WhY3ERFRELEZREFLF
Z 6N Twiz VLM RELSMC b A ERNICEET
BT EDPHMEINTBYYD, BAOHIR T, pre-BstC
HBEEL VIM NCHFEET 2HRE-a—o g
IEHEEZENDH 2 b OEEL, BEIMAIRRERE IR
ZHEEHIEL TWEHDETHE I EIRENT NS,
> T, RPFEICBWT, pre-BotC R HE =2 —
¥, CO;, pH OZEICH LT, HSrOBTGES
R TH?IFFTFHARELEIETHo T,

FEROEBRBERTIE, AT 4 AERTSH pre-BstC
AR = o — o PR b EEEE 2R L, Ml
HHY ITRBELTEDOY XADPHEE 22T 5 2 L0RE
i, ZoOFERIE, MR X L2 EHT 5EED pre-
BotC 2EDER L ~NVICHEET 3 2 LR EBENICIRT
LOTHD, Bz, RF7A4AAEREWIFEFICRES
NI HEEEE LR WEH T T, pre-BstC H=a—u
IALRBRRESTED SN LI T, TDZa—
o MRS EZ D 2 HEERELTWE L ER
THDT, pre-BotC W= o —o VSR T 2 EFHMED
N—A BV R LIZERERBEERD gasping U XA LW
5&0y, DUATRERPREY A L2RBLTWS
LEZHND,

Flz, REBRIZBWTIE, /S—A MADNATA—F—
BEBELREE RSP (Fig. 7). ZOERIE,
HiEEHEATO XIT Rk L 7eRkE e b—
BLTw3Y, 202 ik, FHRERERECEL,
pre-BotC PIIERME = o — 1 3N~ b D35 — 2 %
BEREZERVRLADAETRLERE LI
TIELZZEERLTWS, Bib, HiEZy rob
TR Je R HERE A 5 4 AEAR I BT, {bmlss
Ry =Yz -fildicgET s LT, Y
X LIRS 1B S3 5 MR EIRE 72 OB R 5 2 2
ZEERBTELDTH S,

L L%ss, SEORET T, {FRECYS 2
pre-BotC NIERk M =2 —u > DIRED, Wh D 3
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chemoreceptor Z /"L T Z % b DD, BRI
Za—0 YHE L ZEBENIGERDOPICDWTIER
BHTH3, ZORCEAL TR, HERNEES Sy F7
S TERAWSER Y, pre-BotC H=a—u Y OHE
ZOLORBEBHITL T LESHLEHZOND,
¥z, A4 AERIZBT S pre-BotC H=a—arD
B XA, EFZEREYD X A%OH gasping U
ALK LIZDDEOPOREEFEICHIHL T
TeDWiE, FEFWR I TIEEL, L DEBLI-EY
PROWCOERETILELDHDLEEZOHNS,

5 & #

JE & 900 um DFET v MERER T A AR (£
1-5 HE) 2w, EHEYERE-— o HICBTS
pre-Botzinger complex (pre-BotC) A==z —a > D
BB ZEFRE AN @FERE) &, ZOANEFE
TEEAFSK T B E TR (XD #E#ma—w 0
B Y— A b 2 FEEEs ek L, R LR
TH5 CO,, pH 2ZLx¥: L EOIEFEALERE
BEWFETREL, UMTORER2E:.

1) BEFEHECL, pre-BotC & X = a—
oy REBUZBEREILTIERIRE LR, N—A
MEEE CO, LRV E 5% 55 10%I2 L 387254,
Y DOEFEREMER L, L, ZOBKUSEIL,
pH ®IEFBICED LHEL 12,

2) CO, VL% 5%2fRs pH 2 T CT ¥ F—3
A ELREEE, /N—A MEESQ) L ERRCERICHE
H(G3%) Uiz, #icpH 2 EFC7vin—y A&l
TBEITE, N— A PEEWFREED (20%) Uik,
£7z, INoOREREAE, £ TEREDODBRET
botz, BLEOEERLY, pre-BotC WK — 2 —
viZ, pHIZKEBEL T2ONN—X VEERE(LER 5T
EBRI NIz

3) mgmﬁ—ﬁﬁfmﬁbtw—xbﬁ,ﬁ—x
FARRA 78, RIBIZOWIZ, BEERELEFED
n&@oh.oio,¢m&m$%ﬁkﬁbpm4hw
PWIRER M = o — 1 iE, /S— X 2 DN — B ERE
BDIEBLIVXLDAEELS T,

AEERTIE, EHER T A AERICBVTH, pre-BotC
IR = = — 1 2, i vivo PTIHIKSTREA T
O k FF R PiE L ERSEEER L, OB
IR HY WL T03 Z easgEs Nz, BLED
BAREL D, FERY X5 BT 2HE pre-BotC 25
DGV NV DL CHEEL, LA 7 1 A&
FZBWTC pre-BotC W=z —n VBT 2 HRED
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