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" Effect of Knee Joint Stimulation on the Activity of Phrenic Nerve and
Inspiratory Nuron in the Cat ‘

Dong it Cho, M.D.
Department of Chest Medicine, National Medical Center, Seoul, Korea

Hee Chul Han, M.D. and Sook Hyun Nahm

Department of Physiology, College of Medicine and Neuroscience
Research Institute, Korea University, Seoul, Korea

Background: During movement the major inputs to nervous system come from firstly the muscle
and joint to maintain posture and motion and secondly the chemoreceptors and baroreceptors to
adjust the cardiovascular and respiratory function. Their complex relationships are generally studied
for many years but the direct relation between the joint and respiratory system is not studied
thoroughly until now. So this experiment was performed to determine whether the natural movement
of knee joint can cause the enhancement of respiratory function by observation of the changes of
respiratory rate, phrenic nerve activity. and inspiratory neuron activity during the stimulation of knee

“joint in cat anesthetized with a-chloralose. o

Method: Twenty six male adult cats were used and the extracelluar recording using bipolar
platinum electrode and carbon filament electrode was done to record the changes in the activities of
phrenic nerve and inspiratory neuron movement of knee joint, injection of chemicals into the joint
cavity and electrical stimulation of articular nerve were done.

Results: The 60 Hz. could not but 120 Hz. flexion-extension movement of knee joint increased
respiratory rate (R.R.}, tidal neural activity (TN A) and minute neural activity (MNA)}. Intra-articular
injection of lactate could not increase R.R. but significantly increase TNA and MN A which represent-
ed the enhanced respiratory function. Injection of potassium chloride showed similar effects with the
case of lactate but the duration of effect was shorter. The electrical stimulation of medial articular
nerve with IV strength which could activate only group 1 and II afferents showed increased TNA
and MNA during stimulation but 20 V stimulation which could activate all the afferents increased all
the respiratory parameters. The changes of inspiratory neuron activity by knee joint stimulation was
similar to that of phrenic nerve.

Conclusion: The respiratory center could be directly stimulated by the activation of group I
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and I articular afferents and it seemed that the magnitude of the respiratory center enhancement is
proportional to the amount of sensory information from the knee joint. These facts might suggest
that the respiratory function could be enhanced even‘by the normal movement of knee joint.
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Wl QA7 GA & 4 Y=& At TFAE

233 HAoll dedsin ke Hol WA Uk, o
gt F e e BAA B o] F £EAF &
484 (ergoreceptor) 2t -2 53] o|F 33ty W
35 AA st 24845 A48 4 (metaborece-
ptor) % el ol g FEFEANEL A 5
Al g4 gtelo] AYAA F3E AFsle €k, Yubs-
e SISOl 435 EY s 5
7FA7NE Aoz delA ek,

s o] AL QA FFAY #HLH
Antg AXA LA Al st Al
ATEo] AYFoln 53] +55 izl AL
Y 3FA ) vl A& o goll sl HIAAE vy A
ul7} o Ao,z BH-E gAY FFl glolA
YrHo g FoislE 7|l uabd Hde Ha4gdn
7t AAY A4S FF2 ALt gloA Fa.3

H& FYslelet elEFE 4 Ut o2 d FAE 1900
3 Sherringtono] F3§ &% (muscular sense) ol
A1 58] A]ztslo] Aol o] 2] 7A] o dAEo] AT
T A FAY FHze] FEAAE Ashe o] o A
B Fesle Aoz deA o,

T8 A F471F AFe FA4D AdvE F2
W 334 Al 7 (medial articular nerve) 3 2| &34 4]
7] (posterior articular nerve) .2 F-4 5]+ o] % 3
A AAAFE o 470709 F4217 44 (myelinated
fiber) 2} 860709 #4417 4§ (unmyelinated fiber)
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Al FAAGAAL oF 48049 F5AAA R
1,30008 F4AlAAdR2 FAso Yk o, o]
S}zdol HA L Z8oll vlsled Al A z2AF x|
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A Aoz Yzsn] o2 we & Ausl %
Aol dAog w2k 5549 753l Ao
2 Foldle A& dAstaz AYsigich

cHet 3 4y

A% ool (A% 2.0~3.5kg) 267H2] & djate
2. a-chloralose 60 mg/Kge Z&W FAstod o3&
%33 W7 % =2 (Harvarad Apparatus Limited,
syringe infusion pump model 22, US.A.) & A1-&3}o
A7k 10mge] alpha-chloralose® A FA}sled wl
#HE FA4%L F5 2A9 259 A (antebra-
chial vein) ol polyethylenes-3- Atgl3led wl A2} 7]
Bl ok 5o F9l & §ol5hA 2, % o5 5 (fe-
moral artery)oll polyethylene®-$ AFQl3lx gtadAet
7] (pressure transducer)ell @7 sl A A 7} E7)
(physiograph, Gilson Medical Electronics, Model
ICT2H, USA)E ¥t A% 71583 AY &
HEEULL 80~120mmHgE FAstger #etst
7k Aloll= 5% Dextrose €& A=Al 3l 3847
ov] ggto] 60 mmHg ol 3t 2 sl Afolle 2F
+ F7239 A AFE 53 37 Fo et
+ 3t (end expiratory carbon dioxide pressure)-2- &
A7} & & A 7] (capnometer, Traverse Medical
Montiors, Model 2200, US.A) S AH&3l 243
o, AR Y 2% EF =A% o|F homeothermic

blanket control unit (Harvard Apparatus Limited,

e
<=

4 collateral
ligament

AL AR, oldl AgIAE NFATE &

Model 50~7129, US.A)ol |A3Fled Ay Z A&
37~38°CZ =519t}

o

L &3l 2=

1) oA el #x|
2oko| $-% 39 HE Zx ARE Yo WS
A1 8| ¥- (inguinal region)oll X 55 &34 W74
AMg F, LI (sartorius muscle)& A A sl W&
£3A A7 (medial articular nerve)-& =&417|2 &
BAAA F £3A 73 S FHel A5E

o] zvgl LA Qo= £AA A A 7] AA 3k
7 2¢ A= stechd AF(XE 0.1mm)E A
At $£803E ALt 5 £3-E A3
UL 3913 3 o Fe] A Ao v Al polyethy-
lene tube 3 Atidte] €34 WE SR EEAQ
potassium chlorides} DiA}4HE4l lactateS 2] 9]¢}
7453t stedch, Aol Ao 919 EAE]
Egsx A& SRl 2o £2HE UL
AAsl Adsigch, =¥ ol & #]lsr] A4
Evans blue (T-1824)8-8-& F4l3pHA €349 o
2xAd Az 3] gi4-S galslet(Fig. 1).
£3Ae) AR AFE 71 Wl g F ohE F
A7t SAolE AL wAS] sl £5 S T
/3 ARL AFdE THE B2 Foll o3l iH
3 A ping AA 2 APl o] & ZAHFRA
o, =G $EATA £BHAGY AHezNEH F

olo o
o N @ al

e

Fig. 1. Schematic drawing of the electrical and chemical stimulation
methods. (MAN: medial articular nerve, S.E.: stimulating elec-
trode).
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22 49sE AEE Ay Al AL FE S
& vte]oll ¥ #2417 (sciatic nerve), 15414
(femoral nerve} ¥ s A7 (obturator nerve) g =
T AGEz A WG ¢34 A7 Jule] AgdEx
5 33k ol Awd AR FRrdozye YAY
7FeAdel Y& €444 (injury potential) o] H4& 4}
A 37) st A7 e S lidocaineo 2 A 2|3t
Ak,

2) fHLlHe] HE|

FAAAY FEo] EFA vlAE F%E A6
sl EobHsie] HRE HAs $& AN
(phrenic nerve)& =&A171 § o A7 ¥jsha o
T AFE ALl 3EFFE B Aztso] AAAH
€ E3) JWiztE §71417 (inspiratory neuron) 9] &
FAAE 715G BE 2] B & FalE 79
8| 34§ o]g-3lo} F-%F-& (mineral oil pool)& &
. o} 2ol 37°C2 B-f(mineral oil) & MY WS <3
A4 H FAzAY A2RE YA Fdloe g
4*%7] (homeothermic circulator) & o] 43l LE&
LA sA A3,

3) EASHUH IS A A

HAAANA QoA e A} FAFHEAAY 1S
+ uady] A8 SH R FAFFAANAE &3
ek, 8utEl o) A5d s gl AHEEle 4E A5
<+ AR 71AEHE AAS e 1A A= (anemic
decerebration) & AAl3le] nHFF 2R FAEY
& ZAAsle WEA Ald (anemic decerebration) & 4
sl nFF2 R FAFFEZ lEE e &
geiet, F54e 288 AASL A 17459 35
Fatele] Huhg AN A4 WELE k272
F5EE AANY, 83 AF 459 YFE Fa
71E AHEste] AAS S dl&dsed 23 ¥HE U
o}, =l A28 e Ad-F o] AA S (carbon filament
microelectrode) & AH8-31 FAFZA73E AT £
215545k A5 AYHAE obexE 7P o2 S
22 3.0~4.5mm, 522 0~3.0mm, Widoz ¥
gle] 7o) 2.5~5mmel W HA 4l stn s
=},

2. 2= A 718 gy
AN HAAA S FA A1FATA 444 TEA

A4S dEAs VIS £33 484 A
23wy & o3} 7o,

1) HEX 2% (Passive Movement)

+B4E 233 A9 +5E A7 Al AEE
$8-957)o] 2AST 60Hz, =& 120Hz, 9] Wlez
SFEn4e AAEERs Whiol $E-E5E AA
&34 o] FF A A § F(flexion extension move-
ment) & do7n olF 1487 F& 387 #xIAAH,
ol g +5-¢ A7l ned SiAFLaldl Z1AH =
A= (natural stimuli)-& 718},

2) &8 A= (Chemical Stimulation)

£33 FEA7 54 Ads s dAEEe R4t
(lactate)ol] o)ste] FA S 4 e A& nasto]
Aol ol2k vlAlFYe A7l vldFeloldA RS
¥z 274 AXA Z4g FY8r & Y
o}, o] FqE Ao ¥EE $5F YFeEs 2
2mg/mle g w3gion o2 dhea} 5748 s
+ %734 0.3M potassium chloride €48 F43l
£ Wl uh3-3} vl g v

3) M7IH A= (Electrical Stimulation)

VAR F A4A] #AEEA GA4FEE
I, 0F A4 A4+ 552 Ad3AY 55
AR o gt A== 1, IVE T4 AA3A
%9 A7\ ATl HE 427} o AL o] &34 1,
0F FA4 AZAR Afde 1V (volt), IIT, IVFE
FAA AR Sl 20V (volt) (RFA17ZE: 2
msec, AFUE I 10Hz) 2 47 A7AFE AAER
=},

4) g4 9 FAEFRLY Az EMYY

JAAA o FAFFAAY dHLE 0.22F @S
2 43359 71589 o2 d 433 FAlel el
£ 0.2279 JBASE B Filo] o] & 432 F Al
7 8% (tidal neural activity, TNA) &.& ¢}, 943l
THEARTFL 43T EF0 4o) B2 FU57] A
72 & 433 §%(tidal volume) 3 FAH vl=lg
At e Rez g8 A o,

HollA dojd AT FAAREN 1 TF34E
F3led ¥23 F A4 ¥ 5 (minute neural activity,
MNA) £ T35,
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Fig. 2. Schematic drawing of the data acquisition and analysis
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Fig. 3. Changes in respiratory parameters to the knee joint movement
simulation (MS) with the frequency of 60 Hz for 1 and 3
minutes (n=8, *p<0, 05) Ordinate: percent changes of respira-
tory parameters. Abscissa: time of stimulation in minute.
(Stimulation starts at time 0) (R.R: respiration rate, TNA:
tidal neural activity, MNA: minute neural activity).

o}, o1%A A 2% FXFF7] (postamplifier,

Tektornix AM 502, US.A) & AH o|#ZEA7 #

NEAF o8l 7155 ER AAAFY DB oscilloscopest £HAE B AYF AL BAshn
a4Ae AXF%7) (preamplifier, W.PL MOD  VCR A/D Adaptor (Medical System, US.A) & A
DAM-5A, USA)YE FE A2 3 FaA A7 (noise  g8led VCRo 7] 83l A8E AsgAo] g3t
filter, Tektronoix AF 501, US.A)E #35 AAY} o = &2 2 7 ¥ 7)(window iscriminator, Di-

3. 2zt B4
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gitimer, Spike Processor, England)-% 38 e o
B2E #H& ¥ o} & computer (CED-1401, England)
o) 7 3lo] PSTH (post stimulus time histogram)$-
zel3 o] histogram$ computere] AAstgiern] 1
8] we} Digital plotter (Hewlett-Packard, 7040 A,
US.A)E ol&8te] =A)3l8}90c}(Fig. 2), AA24L
student t-test& AH&-3te] Al X 2] 31 3ich,

- o

1. &23e] S xi50] gALiAe S Mol 0|
e g¢

D 60 Hz. ¢ise] #33 REXT

AEFEY $2EE59 YAANAY QH2E 1%
A B S T 58S U A4 £5 4
Edel4 60 Hz.o| =2 187 A% A7 A 354
£ T5Aol vsle] 102.2+1.46% 2, B EFAAE
&2 101.6+0.68% 2 F7Hsiich, =& £ 5§47
52 103.8+2.05% % Frleglovt U §4A @
& o] BAF o= ®o5HA Fo1egich(Fig. 3). @9

60Hz.o| Ml=2 3871 A4 A7 43 3§+, 9835
FAREE o 9 3FAAEE 2F F94F Aol E
2ol £33t} (Fig. 3). 24 60Hz. =9 44
TEATL AAAQ 2FS5 FHE %L v1HA
Fae oz velyed,

2) 120 Hz. Y152 RHAURE XI=

120 Hz. 91=.9] wl& $5-& 137 A7 7%l 60
Hz =2 549 2] 3§49 39 38448
Xo] fol3HA ol en 120 Hz.0) Wle2 387 &
5 A7 ASole 3F57E -S54 vee] 102.8%
0.77% (p<0.01), AT FAAEFl 107.2+3.07%
(p<0.05) 2 F5HA Ftsiglos Bl ¥4 3§
A7 B-5o] 110.3+3.64%(p<0.05) & F71ste] £
Aute] 5ol o3t AAA TFEF) A= E A
o2 byt (Fig. 4).

2. & use| saExiTo| AN 5 Hoj o]
e g8
1) 34H{Lactate) F¢
A 55 A== Rl 4359 e 2
mg/mle] 4k 0.3mlE £3A o] FUg A F9

120 120
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110 b= 110 b
- Lod .
100 M 100 ,./"“'h'i——-a\‘
-~
35 20 1 i L i i 90 1 I i 1 i i
]
g 120 120
THA .
é Li o /E——}-——{ 110
B o0 o} /}\I\E_H
[3]
@ w [ i ] 1 i m 1§ 1 i [ k! i
120 120
MNA T s
10} /\H 1Mo
100 100
1 i i ] i 4 ] i 1 i 1
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Fig. 4. Changes in respiratory parameters to the knee joint movement
stimulation (MS) with the frequency of 120 Hz for 1 and 3
minutes (n=8, *:p<0, 05, **:p<0, 01) Ordinate: percent changes
of respiratory parameters. Abscissa: time of stimulation in
minute (Stimulation starts at time 0) (R.R: respiration rate,
TNA: tidal neural activity, MNA: minute neural activity).
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Fig. 5. Changes in respiratory parameters to the intra-articular injec-
tion of chemicals. The dose of chemicals are 2 mg/ml X0, 3 ml
in lactate (LACT.) and 0,3 M X0, 2 ml in potassium chloride
(KC1). (n=10, *:p<0, 05, **:p<0, 01) Ordinate: percent changes
of respiratory parameters. Abscissa: time of injection in min-
ute (Injection starts at time 0) (R.R: respiration rate, TNA:
tidal neural activity, MNA: minute neural activity).

F 302 Fo TESE FF IS RolA Zaly
4 2y 433 FAA
< Fod F7HE Bolme4y
FAF ol osto] AAHel EFLFo] F7 }
she A2® JEbsich(Fig. 5). =3 o)2jd azte
UEF 2.3+0.487 A &=k
2) Potassium Chloride F¢!
AAAA FFE L3t Aoz 4¥A 0.3M
potassmm chloride 0.2 mlE £@@ o] F93 A
7%‘4‘4 Aol Holx] £l ont A3 5 FA
73% EREFANA LTS
a2t o2 gk ok AAFYY A S 2]
A=A Fig. 5).

3. &BE Mol et MM xH2o| YU
$E Mol o|HE I8

1) 1V RIZA|

FAL AAF T,
Y& FE 1VE ¢34 *J 3¢ 3027k =
AF717bel oted SFFe Ackal Ao & Holx| £3

sdo U 432 FA4EE J FREFAALEL §9
%7+ 2ok (Fig. 6).

2) 20 V X}ZA|

TFAA AAZF I, Vs Agedez &
A =gl 20VE £33 A4
1V A2 790l vsted &4, L35 FA
2ol s FAALE 257} fo51] Bolete uke
drh, =3 o= g9 Z7) (magnitude)E 1
F9] Aol vlste] FrtEo] & Aoz vebgch(Fig.
6)
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o £E5AFol ohod 715417
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Fig. 6. Changes in respiratory parameters to the electrical stimulation
of medial articular nerve with 1 volt (1 V) and 20 volts (20 V)
in amplitude. The voltage stimuli had charateristics of 2 msec.
duration and 10 Hz frequency and were applied for 0, 5 minute.
(n=9, *:p<0, 05, **:p<0, 01) Ordinate: percent changes of respi-
ratory parameters. Abscissa: time of stimulation in minute
(Stimulation starts at time 0} {R, R: respiration rate, TNA:
tidal neural activity, MNA: minute neural activity).

Q - N W > O

PERCENT CHANGE (%)

-5 i I} ) i
LACT KCi v 20V

Fig. 7. Percent changes of the response of inspiratory
neuronal activity induced by the various
stimuli of the knee joint comparing the
response of phrenic nerve (LACT: lactate, n
=10).

A Agasleh,
%o #eE AFEAQ HA %W potassium
chloride HAA1% 7150 $UG Fe AT AL

BFolA FEEE EhAdls e Ao o)
of $AF2AAY 257 U2 PAUEE 950
Fohoiglont B854 498 F7HE wolx Rk
Aoz dehtem ot AN Wstsh fA1% Yol
2 el

£ AAL 1V Y 0V B2 Ao A
Vel Aol Helol s FAF2ARS 3§59 A
SRS G5 FolaRl o BEAE S W
5% xolA sgich, 221t 20 Vel BFE2 ATE A
Pole £§4 U 3§ R8s PSS 25 f9)
a7 F7kskel AAAS WSk FAG Bel 2 ehst
o ol §4FFA7e W AAHA 5§49
FAEHE ¢ 4 A& MNAE FAAA0A dojrl
Ashsh v A3 F ol Aolst gt AoE 1}
sk (Fig. 7).
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€ = AASAY 3EA, A4 el
H 2A, e 289 4%, ¥5F WA= A
E AAE ¢ Y& +547 (kinaesthesis) 59 435
ZA2gel oMt Aoz FAE 4 U, =
25 PRl o] F2g 2424 FFoll
Abd o A8 878 FHA sl HuRA9t 53
Ae) A o] A3 B oF FHY, oG +5F
TS Aezl 5 242 A7 4 38 1A o
sted 2As e ol ol% F AlgWA A 2 HL
olvl @& A7t Fslo} 2 Zlde] WA glon
TEAY 247142 F8H /1AL B Fol 9y
A et AAA 71 "ol dstel & A7t AgFe)

do

[

3 $5 Huislo] E59 gA4LAE

o A3 gy Fk9)
Eolvka ofeia] glche, ols}

T BF5F 4%E 1A
ZEAS AGEAE dohy, 2} 2% A o
A e AR AE ¥ Qg EF3tn $5F
HA o o]l ZF A vl A o ol ol ALY
B3t gle Adeld,

B Aol ol A3E 60 Hz. 129 F5AFol
e FAAA e wistrh £ A JehiA 28
4bd 120 Hz, = 2] 53250l disle] $9¢ AA38E
2ol A2 A3 gy Azel 444 & 354
AL HAAA Y A4 LTS oA 2AY
+25 §A417 &5 (minute neural activity) o}
z. TERAF osted 28 Fo1E Rl AL §
5 B TEEE A A} F§ gut ohie}
Ao Aol oslels ALY £ giote A4S
AR glota & 4 iAo, ols AgA A 60
Hz. =9 545 9stode TEA FEE A0
vEbA] e AL EAde] HAnte) YR E F2
2 Asi] st 9% R o HEDBHAHE AT
EE TAA AAY FH29 HE A A2 A
Szl 32 JH = AR o] AdlHoz
555 Azjel 475l ol 120 Hz Wlx 9 £3F
of ofsted F32 sl WA FEabt Pu o

o] wlo] Ao 2 F718 A o WEE Rolx AH
o gslMz Bl 4 o, & olelg AAYt 2%
£%5% 4 8sE ischemiatt metabolited] £Fof ¢
st SAY FleAE AAE ¢ dot E4HAA A
#3 HE5H TEATE T FFHIHH 25 A
§ 25 Hehgt Aelol M Al onz 289 414
A7AE 58 32 AdslE Az e gler F4 60
% 120Hzo] Wl=rt REASE e 58 A &3
Bz a8 b Fkeita ¢ 4 glsh
Schaible 519-& A=Al 52z oA 2
Ao 53 TFATE JeivlEs 34 S Ade 7}
ropet fAA A E FA4 AAe] 487 34
sEle], F5AA4A ANVTE FAAL AAE 48 43
2 spsade] glvkn Bardled FAbHql e FEol
o8 A ML A H, VT AAARE A9E 4 o
E rbsAS g Uk, ole g el oW 2
Aol B F5o AR 2§05 FAAAE A
I, I olojolis AL, IVE Al Z43] o3 &
#7} tlsted A AAd Aoz Arsoj At Biscoest
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