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ACTIVITY OK I'HRKNIC MOTONKURONS

IN ANAPMYLACTiC SHOCK IN THE RABBIT

MALGORZAl'A SZICREDA-PRZES'IASZEWSKA

T he yagiis and phrenic nerves are the main elements controll-
ing the work of the respiratory apparatus. The exphuiation
of the problem of the neural control of breathing in ana-
phylactie shock thcrelorc rctjiiircs not only an examination
of the activity ol the \'agiis nerves (16, 17), but also a deter-
mmations ol the contribiition of phrenic niotoneiirons. Similar
reactions ol vagal ami [ihrcnic motonciirons to ditlerent
stimuli show (4), that both outpLits of "respiratory centres"
controlling the work ol the respiratory apparatus are sub-
ordinated to the same higher eentres. It might be supposed,
tha t the constriction ol airwa)' smooth muscles in anaphylactic
shock woukl be lollowed by changes in phrenie nerve activity.
X h e latter aiming to adjust the M'ork of the diaphragm to
increased resistance in the airways. Tiie activity ol the phrenic
nerve is proportional to the Ie\ e! of total nervous discharges
of respiratory "centres" and to the titlal volume (2, i j ) . It
increases linearly M'ith the increase ol tidal \-olume and the
same applies to the electromyogram of the diaphragm (8).
T"he phrenic nerve controls the diaphragm—the strongest m-
spiratory muscle, -which is responsible tor aliout 75 per cent
of the effective respiration (14).

I t seemed important to in\ estigate the pathway ol inlorma-
tion for the phrenic nerve in anaphylactic shock. In light of
the data quoted it is possible to suppose that the changes of
respiration obser\ed in anaphylactie shock and particularly
the increase in resistances to flow—would cause an increase
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Fig. I.

Scheme of recording. A: respiratory resistance gauge.
The line across the drawing of the vagus indicate vagotomy.

in phrenic nerve activity corresponding to the increase of he
diaphragmatic electromyograni in guinea-pig anaphylaxis (9) ,
and to the increase in the activity of vagal niotoneiirons in
rabbit anaphylactic shock (17).

M A T E R I A L A N D M li T 11 O D S

The experiments were made with 36 male rabbits, breathing spcmtaneouslv
and artificially ventilated either with intact vagvis nerves or unilaterally and
bilaterally vagotomized. Methods of preparing the nerve fibres, recordings and
the way of seiisitiy.ation of animals have beLMi tlescrilied elsewhere (15, 16).
A scheme of recordings is given in Fig. 1.

W O R K I N G O U T 0 F R F. S U L T S

In oscillographic changes in respiratory rate and in bio-
electrical activity of phrenic niotoneurons were estimated.
According to GUI (5) the following designations for obtaineci
parameters were introduced:



317

T -number oi breaths per minute (frequency of breath-
ing),

T —duration of ana phrenic volley (active phase),
N — number of impulses in one volley,
f —mean lre(]ueiicy of impulses in one volley,
SP — expiratory pause (inactive phase).

The mean of the parameters mentioned above, determining
the pattern of the bioelectric activity of the investigateci moto-
neuron, were calculated in absolute values. The control values
showed some dispersion possibly catised by the kind of fibres
innervating different parts of the diaphragm (i i ) . The final
calculations were presented in relative values. The values of
all parametres obtained after antigen administration were
divided by control values. The control value of each param-
eter thus being i, all results above and below unity illustrate
appreciable increase or decrease of the parameter. The mean
values were obtained lrom all parameters in relative figures
in the given experimental groups and served as data to dia-
grams. For every parameter a separate ciiagram was drawn.
O n the abscissa is indicateci the time (i —io min.) after antigen
administration, on the ordinate the relative values (i as a
control value).

R E S U L T S

I . Changes in llic Aclivity of Plircnic Motnncnrons in Ani-
mals willi IntacI J'agus Ncr^vcs

a. Animiils Hrralhing Spontaneously

Increase in respiratory fre(iuency was associated with a
decrease of duration of the volleys and shortening of the in-
tctive phase. A characteristic feature in this group was the
appearance of tonic (fre(]uency-modulated) activity. This
type of change was always observed in association with great
acceleration of respiratory rhytm. The transition of phasic
to tonic activity was accompanied by an increase in mean
frequency of impulses. This type of activity lasted several



3 i 8

Changes in phrenic motoneuron activity in anaphylactic shock. Animal breath-
ing spontaneously, vagus nerves intact. Tipper tracing: activity of phrenic
motoneuron. Lower tracing: respiration curve. Downward ilel'lection: inspira-
tion. A: control record, B: i min., C: 2 min., D: 4 min., E: 9 min., F: 12 min.

after antigen administration. Spike potentials retouched.

minutes, whereupon the phasic activity returned. The type
of reaction is shown in Fig. 2.

h. AntmaJs Arltftctally J'crtltlalcd

In animals artificially ventilated the frecjuency of phrenic
volleys remained stahle. The characteristic feature was an
increase in the duration of phrenic volleys on the cost of a
shortening of the inactive phase. It was accompanied hy an
increase in number and mean frecjuency of impulses. This
reaction is illustrated in Fig. 3.

2. Changes in the Ac.livily of Pltrenic Moloncttrons in Ani-
mals zvith one Vagtts Nerve Cttl

The results of this subgroup are shown in Fig. 4. In the
course of anaphylactic shock, tiie respiratory rhyth does not
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Pig- .)'•
Changes in phrenic inotoneiirori activity in anapliylaclic .sliock. Animal artifici-
ally ventilated, vagus nerves intact. Lower tracing: respiratory pump rhytm.
A : control record, H: i min., C; i min. 30 sek., D: 2 mih. 30 sek., E: 3 min.

after antigen administration.

accelerate significantly. The peak of acceleration appears
Mathin 1—4 min. of the anaphylactic shock, whereupon the
respiration slows tlown, reaching nearly the control values.
Xhe duration of volleys (T) decreases parallel to the increase
in breathing fregiiency persisting below the control values to
the end of the observation. The decrease in the number oi
impulses (N) is slight, which may explain a relatively great
increase in the mean fre(|uency of impulses. Tlie shortening
of the inactiA'e phase is associated with maximal acceleration
of respiratory rhytm and nearly reaches the control values
at the end of the observation. A typical experiment is shown
in P'ig. 5.
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Fig. 4.
I^iagram of reaction of plueriic inotoiieurons of unilaterally vagotomized, spon-
taneously breathiiiK animals, x: frequency of breathing, T : duration of voUev,
N: number of impulses in one volley, f: mean frequency of impulses in one

volley, SP: expiratory pause (silent period).
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Changes In phrenic motoneuron activity in nnaphylactic shock. Animal breath-
ing .spontaneously with one vagus nerve cut. A: control record, B: i min.,
C : 2 min., D: 3 min., E: 7 min. after antigen administration. Spike potentials

retouched.

3 . Changes in ihc Acli'vily of Phrenic Aloloni-iirons in vagol-
omized /lnimals

a. Animals Breathing Spontaneoiislv

The results in this subgroup are graphically presented in
F i g . 6. The acceleration of respiratory rhytm is of lesser
degree than in subgroup 2. The peak of this acceleration
appears sligiitly later, between 2-5 min. of the shock. All the
parameters show changes directed as in group 2. The in-
crease in the mean frequency ol impulses is less pronounced
t h a n before vagotomy. A typical experiment of this group is
shown in Fig. 7.

b. Animals Arlificiallv T'enlilaled

Xhe results are shown in Fig. 8. The acceleration of volleys
appear in the second minute of shock, reach the peak between
2,—S niin. antl return to the control values. Simultaneously
wi th the acceleration the duration of the volleys decrease (T)
and the number of impulses (N) becomes slightly lower and
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Diagram of reaction of phrenic motoncuroiis in vagotomized, spontaneously

breatliing animals.



Changes in phrenic iiiotoiu'viron nctivity in imapbvlactic sliock. Animal breath-
i n g spontaneously, both vagus nerves cut. A : ciintrol record 10 niin. after
bilateral vagotomy, H: i min., C: 2 min., D : + min., E : G min., F : 7 min.,

G: 10 min. alter antigen administration. Spike potentials retouched.

fails to return to the control \'aliics. Flie frctiuency of im-
pulses increases, but reach lower values than m group ^ a. The
shortening of the inactive piiase (SP) is correlated in time
wnth the changes of the remaining parameters; it passes the
control values associated with the persistant shortening of the
duration of volleys. Fig. 9 illustrates the changes described.

D I S C U S S I O N

According to our assumptions the excitation of vagal lnoto-
neurons in anaphylactic shock (17) is accompanied by the
corresponding reaction of the phrenic motoneurons. The
respiratory centres of the nietkills are probably "pacemakers"
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Diagram of reaction of phrenie motoneurons (}f vagotomized, artificially venti-
lated animals, T: frequency of volleys.
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Fig. Q.
Changes in phrenic motoneuron activity in anaphylactic shock. Animal artifici-
al ly ventilated, bilaterally vagotomized. Lower tracing: respiratory pnmp
rhytm. A: control record 12 min. after bilateral vagotomy, B: 2 min., C: 4 min.,

D: 6 min., E: 8 min., F: 10 min. after antigen administration.

for both vagal and phrenic motoneurons (6) . Nevertheless
there is no close correlation between the contraction oi in-
spiratory muscles and the activity of vagal motoneurons (18).
T h e enhancement of phrenic motoneuron activity in anaphyl-
actic shock described in this paper illustrates an increased
work of the diaphragm. This work would attempt to over-
come tlie resistances of consti'icted airways and probably the
disturbances in pulmonary circulation. Enhanced activity of
phrenic motoneurons has been described in response to re-
spiratory loads (13), and as a response to the increased air-
flow resistance in anaphylactic sliock in guinea-pigs (9) . An
appearance ot tonic activity in phrenic motoneurons in part
of the experiments corresponds to the tonic contraction of
the diaphragm and would tend to maintain the diapliragm
In an inspiratory position. This fact is the quantitative parallel
of the increase of phrenic motoneuron activity described
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above. The ehatige in activity of the phrenie nerve might cor-
respond to the collapse ol the respiratory alveoli in hypo-
vetitilated parts ol the lungs. Previously it Avas shown, that
lung deflation causes an increase ol discharges in phrenic
jTiotoneurons (12). The afferent pathway of this reflex is
prohably going through the vagal fibres from receptors stini-
ulatetl by lung collapse (7, 10). Experimental data show,
that the majority ot the phrenic nerve fibres constitute the
efferent pathway transmitting information from respiratory
"centres" via spinal motoneurons to the diaphragm. The affer-
ent fibres constitute only 10 per cent of the phrenic nerve (19) .
This fact suggests that with such a little percentage of affer-
ent fibres the afferent pathways from the lungs may have
an important role as a sensory input to the "centres" ( i ) .
The measure ol depentlence of the activity ol phrenic moto-
neurons on vagal al lerentation is nnhcated by its less signif-
icant enhancement alter bilateral vagotomy. The persistence
of some changes in phrenic nerve activity in anaphylactic
shock after vagotomy seems to indicate the importance of
information also from extravagal sources. The excitation of
phrenic motoneurons might be determined by the same factors
which inlluence the respiratory "centres" and vagal moto-
neurons in anaphylactic shock as discusseil in detail in a pre-
ceding paper (17).

It is necessary to underline the role of the intercostal-to-
phrenic reflex recently described (3) which could be an im-
portant link in excitation of the phrenic nerve nuclei and in
the regulation of respiration, and could explain the changes
in phrenic nerve activity in artilicially ventilated, bilaterally
vagotomi/ed animals.

The activity ol phrenic motoneurons is the exponent of the
activity level in the respiratory "centres". Therefore all pri-
mary and secondary factors which influence the course of
anaphylactic shock must be taken into account in considering
the sources of information which adapt the organism to the
altered conditions associated with anaphylactic shock.
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S U M M A R Y

The bioelectric activity of phrenic motoneurons in anaesthe-
tized rabbits was reeordetl in anaphylactic shock. An enhanced
activity (appearence of tonic frequency-modulated activity and
increase in the mean frequency of impulses) was found. The
alteration could illustrate increased ciiaphragmatic work at-
tempting to overcome the increase of total lung resistance.
T^he enhancement of phrenic motoneuronic activity was re-
duced but not abolished hy vagotomy. This suggests the pres-
ence of extravagal sources which supply information to the
respiratory "centres".

R K F F, R !•: N C F S

1. .•!gosfoiUj I'^. A: T()i'ri,G.: niaplirngiii contraction as a liniitiiij^ factor to

maximum expiration, j . Appl. Physiol. / " , 427, T962.

2. Cohen, M. I.: lliscliarge patterns of hraiii-stem respiratory neurons in real-

liou to carbon dioxide tension. J. Neurophysiol. ji, 142, 1968.

3. Di'ciina, E. E. Sc Euler, C.von: Excitability of phrenic motoneurons to

afferent input from lower intercostal nerves in the spinal cat. Acta

Physiol. Scand. 75, 580, 1969.

4. Eyzai>uirn', (^. S< Taylor, J. R.: Respiratory cliscliarge of some vagal moto-

neurons. J. Neurophysiol. 26, 61, 1963.

5. Gill,!'.: The effects of end-tidal CO2 on the discharge of individual

phrenic motoneurons. J. Physiol. 16S, 239, 1963.

6. Grrni, J. H. Sc Ncil,E.: The respiratory function of the laryngeal muscles.

J. Physiol. I2g, 134, 1955.

7. Jloinhrrf^cr, ,1. C: Heitrag zum Naclnveis von Kollapsafferenzen ini lungen-

vagus des Kaiiinchens. llelv. Phpsiol. Acta 26, 97, 1968.

8. KalZyR.l., fiiikyli.R. & Ngtii, S. II.: Relationship between electrical activ-

ity of the diaphragm and ventilation. Proc. Soc. Fxp. ]5iol. Med. J/n,

792, 1962.

9. Kollrr, E. .1.: Atnunig iind Kreislauf im anapliylaktischen Asthma bron-

chiale des Meerschweinchens. II. Die Hedeutung des N. vagus fiir die

Atmungs—und Kreislauf—reaktionen. Helv. Physiol. Acta ^5, 353,

1967.

10. Kollrr, E. /I. & Frrrrr, I'.: Studies on the role of the lung deflation reflex.

Resp. Physiol. JO, 172, 1970.

11. Landau, B. R., Akirl,K. & Roberts, T. S.: Studies on the innervation of the

diaphragm. J. Comp. Neurol. Jii), i, 1962.



328

12. Larrahef, M. G. & Ktto'wllon, G. C: Excitation and inhilutii)ii df phrenic
motoiieurons by inflation of the lungs. Am. J. Physiol. i^y^ yo, iq j6

13. Laureit(,o,R.V., Chrrniack, N. S., Malm, J.R. & Fisliman, A. l\: Nervous
output from the respiratory center during obstructed breathiiig. 1
Appl. Physiol. 21, 527, 1966.

14. Saul Ainlnogio, G., Drciindia, M. & I'roviiii, L.: Diaphragmatic contribution
to respiration in the rabbit. J. Appl. Physiol. 2r, 843, 1966.

15. Szcrcda-PrzeslaszcwskUtM.: Studies on neural control of the airway
caliber. Acta Physiol. Pol. icj, 141, 1968.

16. Hzereda-Przcslaszewska.M.: Activity of pulmonary stretch receptors in
anaphylactic shock in rabbits. Acta Allergol. 26, i, 1971.

17. Szrrcda-Przrstaszcwska.M.: Activity of vagal respiratory motoneurons in
anaphylactic shock in rabbits. Acta Allergol. 26, 17, 1971.

18. JViddiioinhe,J. G.: Regulation of tracheolironchial smooth nmscle. Physiol
Rev. ^ji I, 1963.

19. Ya^argil, G. M.: Systematische Untersnchung der motorisclien Innervation
des Zwerchfells beim Kaninchen. llelv. Physiol. Acta, Suppl. ig
1967.




