APNEIC AND HYPOTENSIVE EFFECTS OF LOCAL
ANESTHETIC DRUGS IN DOGS AND MICE
UNDER GENERAL ANESTHESIA
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Durixe tissue distribution studies on cocaine the observation was made

that dogs anesthetized with ether or thiopental tolerated less cocaine
injected intravenously than unanesthetized animals. Death resulted

from respiratory failure without any evidence of convulsions, and the

heart continued to beat in an apparently normal manner for several
minutes after the appearance of apnea. Further investigation revealed
the simultaneous occurrence of hypotension which persisted for minutes
or, when artificial respiration was maintained, for hours. The actions
of respiratory depression, hypotension, or increased toxicity have been
described for local anesthetic agents administered to animals anesthe-
tized with ether, chloroform, cyclopropane, or barbiturates (1-12).
Further quantitative information on the apnea-inducing and hypoten-
sive actions of the local anesthetic agents in animals under general an-
esthesia is presented in this communication. Some observations on the
mechanisms by which these phenomena become manifest in the dog are
also included. :
MEeTHODS

Mouse Exzperiments.—The intravenous LD, values for cocaine, pro-
caine, lidocaine, and pentylenetetrazol were determined in unanesthe-
tized mice and in mice anesthetized with ether, chloroform, thiopental,
or pentobarbital. (All the dosages of the local anesthetic agents re-
ported in this paper were calculated and administered as the amine
hydrochloride.) Webster strain Swiss mice ranging in weight from
20-25 Gm. were used. Pentylenetetrazol was included as a convulsive
agent without local anesthetic activity. At least 40 mice were used for
each LD,, determination, and all results were analyzed statistically
with the method of Litchfield and Wilcoxon (13).

A simple apparatus (fig. 1) was used for anesthetizing the mice with
ether or chloroform. The air flow was maintained in excess and was
kept uniform by inspection of a bubble counter and adjustment of a
screw-clamp. The amount of air passing through the anesthetic bottle,
or the by-pass, was controlled by suitable adjustment of the two screw
clamps. The air-anesthetic mixture was passed through glass tubing
held by a 1-hole rubber stopper into the mouse chamber, prepared from
a short piece of glass tubing of sufficient length and diameter to accom-
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modate a mouse and prevent the animal from turning. A 2-hole rubber
stopper was placed at the other end of the mouse chamber, and the tail
of the mouse was extended through 1 hole. From the other hole rubber
tubing carried away the anesthetic vapors. Each mouse was well equil-
jbrated under deep anesthesia before injection. Respiratory rate was
the principal criterion for depth of anesthesia. Cyanosis was carefully
avoided. Miece anesthetized with ether were equilibrated at a respira-
tory rate of 7 to 13 per five seconds, and with chloroform, at 10 to 15
per five seconds. Mice equilibrated in this manner could be maintained
for thirty minutes (the longest period tested) and in all instances re-
covered completely upon removal from the chamber,

Anesthesia with thiopental or pentobarbital was obtained by injec-
tion of the barbiturate into the tail vein five minutes before the admin-
istration of local anesthetic. The dose of sodium thiopental was 100
mg./kg. and that of sodium pentobarbital, 50 mg./kg.

¥Fia. 1, Dingram of the apparatus employed for ancsth mice. Al ions were
made with appropriste glass and rubber tubing and rubber stoppers. A, compressed air. C,
serew-clamps on rubber tubing. B, bottle onc-half filled with water to serve as a bubble coun-
-ter. D, bottle containing the volatile ancsthetic agent. E, mouse chamber. F, rubber tubing
to carry ancsthetic vapors to o fume hood. Tho entry and exit glass tubes in bottle D were
placed 0.5 to 1 inch above the level of the anesthetic liquid. The anesthetic agent was intro-
duced through the middle hole of bottle D after removal of the rubber stopper.

AN LD,, values of cocaine, lidocaine, procaine, and pentylenetetrazol
were determined with a uniform technique of injection. These agents
were prepared in physiological saline solution in graduated concentra-
tions and injected in a standard volume, 0.002 ml./Gm. of body weight,
into the tail vein at a standard rate of 0.01 ml. per second. Control sa-
line injections had no effect on the anesthetized mice.

Dog Experiments—The intravenous LDy, value for cocaine was de-
termined in 22 unanesthetized mongrel dogs. In addition, 57 dogs were
anesthetized with ether to various planes of anesthesia and one of the
agents, cocaine, procaine, lidocaine, or procaine amide, was injected in-
.. travenously at a constant rate of 0.2 mL per second. Ether and oxygen
~were administered to each of the dogs using a clinical anesthesia ap-
-paratus with a suitable arrangement of one-way valves connected to a
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cannula placed in the trachea of the animal. The ether-oxygen mixture
was not recycled. When necessary, mechanical positive pressare arti-
ficial respiration was instituted using the ether-oxygen mixture ob-
tained from the anesthesia apparatus and applied through the tracheal
cannula. Dead air space in the apparatus was kept at an absolute
minimum. In 8 experiments the local anesthetic agent was adminis-
tered to dogs anesthetized with intravenous pentobarbital or thiopental.
Pneumographie tracings were obtained from all of the animals, and
mean carotid pressure was recorded from 34 dogs equilibrated under
deep cther anesthesia. In several of the animals from which blood
pressure was registered, electrocardiograms were taken before, during,
and after each injection. Jugular pressure tracings were obtained

TABLE 1

CouparisoN or INTRAVENOUS LD,y VaLues or CocaiNe, ProcaiNe, LinocaiNe AxD
PENTTLENETETRAZOL IN MICE ANESTHETIZED WITH VARIOUS AGENTS

General Anesthetion
Control
Drugs No Ancsthesia
(me./kz.) Ether +| Chloroform ‘Thiopental Pentobarbital
(mg/kg.) (mg./kg.) {mg./kg) {mx./kg.)
Cocaine-HCI 14* 33 27 21 17
(13-15)t
18° 1.
(15-21) (2.7-3.9) (2.0-3.6) (17-27) (15-20)
Procaine-HCl 37 6.4 12 75 7
(31-15) (3.2-13) (0.8-14) (67-83) (50-100)
Lidocaine-HCl 21 18 1.6 20 22
. (20-22) (1.1-3.1) (1.2-2.0) (17-23) (19-25)
Pentylenetetrazol 43 19 25
(35-51) (17-20) (22-29) over 900 Over 500

* Cocaine LDgo values determined at different times to check variations in animals, tempera~
ture, and time.

t The figures in parentheses rep t the 19/20 confid limits of the LDy, values (p =
0.05). . :

from 7 of the animals. In 11 experiments attempts were made to re-
establish normal respiratory effort by withdrawal of ether or adminis-
tration of nikethamide, pentylenetetrazol, or 10 per cent carbon dioxide.
The vagal and glossopharyngeal nerves were sectioned and the carotid
sinuses stripped in 3 dogs before the injection of the local anesthetic
agent.

Nineteen dogs maintained at approximately plane 3 of anesthesia -

with ether-oxygen were successively administered intravenous epine-
phrine, 1,1-dimethyl-4-phenylpiperazinium iodide (DMPP, a ganglion
stimulating agent described by Chen, Portman and Wickel (14)), and
tetraethylammonium (TEA) chloride before and after the injection of

cocaine, procaine, lidocaine, or procaine amide. Artificial respiration
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was instituted to maintain the administration of ether and oxygen at a
uniform rate after the onset of apnea induced by the injection of the
local anesthetic agent.

At the conclusion of some experiments, the thorax was opened to
permit observation of the heart size during hypotension.

ResuLts

In Mice—The LD,, values for intravenous cocaine, procaine, lido-
caine, and pentylenetetrazol in normal mice anesthetized with the vari-
ous general anesthetic agents are summarized in table 1. Ether and

150
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FiG. 2. Effect of intravenous lidoeaine and procaine on respiration (upper tracing) and
carotid blood pressure (middle tracing) in a dog anesthetized with ether.

chloroform increased considerably- the lethal potency of all of the
agents, lidocaine, cocaine, procaine, and pentylenetetrazol. For exam-
ple, the LD,, value for lidocaine in mice anesthetized with ether was
one-twelfth the value obtained in unanesthetized animals.

Pentobarbital or thiopental anesthesia did not alter the toxicity of
cocaine or lidocaine, but significantly. decreased the toxicity of procaine
and pentylenetetrazol. Convulsions were observed only in the mice an-
esthetized with thiopental or pentobarbital and administered pentyl-
enctetrazol. All the other animals died during the period of primary
depression. ‘ .

Direct observation of the hearts of a few mice from each group after
the cessation of respiration revealed a strong beat with regunlar rhythm.
In a few of the mice which were administered cocaine, cardiac arrest
had oceurred by the time the thorax was opened.

In Dogs.—Typical results following the intravenous injection of a
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Fi0. 3. Effect of int inephrine and 1,1di “," heny! injum- jodide

(DMPP) on carotid blood pressure “before and after eoeaine in a dog ‘anesthetized with
ether.

local anesthetic agent into a dog anesthetized with ether are illustrated
in figure 2. Procaine, lidocaine, procaine amide and cocaine produced
a similar pattern of effect, with the exception that ventricular irregu-
larities usually oceurred after the administration of cocaine (fig. 3).

Bilateral vagal section, interruption of carotid and aortie sinus
pathways, or a combination of both procedures failed to prevent the
apneie or circulatory responses to the local anesthetic agents.

Table 2 summarizes the respiratory effects observed when cocaine,
procaine, lidocaine, or procaine amide was injected into dogs anesthe-
tized with ether at various levels of anesthesia. The intravenous LD,
for cocaine in dogs was found to be 11 mg./kg. (19/20 confidence lim-
its, 10.1 to 12.3 mg./kg.). Thus the toxicity of cocaine is approximately
two-fold greater in dogs deeply anesthetized with ether than in unanes-
thetized animals. A dose of 5 mg./kg. of cocaine produced apnea and
death in 1 of 5 animals in the second stage of anesthesia. At the latter
level of anesthesia larger doses of cocaine, 15 and 17 mg./kg., produnced
very mild econvulsions and irreversible apnea.

Apnea was produced in dogs under deep cther anesthesia by 13-25
mg./kg. of procaine, 2.5-5.0 mg./kg. of lidocaine, and 1545 mg./kg. of

20
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1o .

| l
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Fia. 4. Effect of intmrenonx epinephrine and 11-d£methyl-4-pheny]pipeminlum iodide
(tl;.:l{PP) on carotid blood pressure before and after lidoenlne in a dog nnesthetized with
ether,
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procaine amide.. These doses of procaine, lidocaine, and proecaine
amide are significantly lower than those which have little or no effect
on unanesthetized dogs (15-17). In dogs anesthetized with thiopental
or pentobarbital, intravenous injection of the local anesthetic agents
rarely produces apnea and then only during very marked respiratory
depression with thiopental or'pentobarbital,

TABLE 2

Sommany or TiE EFFECTS oF THE INTRAVENOUS INJECTION OF THE LOCAL ANESTHETIC AGENTS
ivto Doas ANestueTizep wrra Etien At Various LEVELS or ANESTHESIA

Dons | Numberof | Domreis |  Dose Nuraber of | Do cith
Ancathesia Lovel (mg/kg) | Dogs | Reapimtory | (mgske) | | Dogs Hp:ﬁrrl;q
Apnes pnea
Cocaine Procaine

Light—muscle tremors, 3 1 0
body movement (Stage 5 5 1
1II to plane 1 of Stage 15 1 1*

I 17 2 2

Moderate—dog com- 5 2 2¢
pletely relaxed, full 7 1 1*
abdominal and tho- .
racie respiration (plane
2)

Deep—paralysis of inter- 1.6 1 0 10 1 0
costal muscle (plane 25 2 0 13 1t 1
3-4) R 4.0 4 1 15 1 1

50 - 5 3 15 8t 7
5.0 2t 2 20 1
50 43 3 25 2 2
10 1 1

Lidocaine ' Procaine Amide

Decp—paralysis of inter- 25 3 1 15 1t 1
costal muscles (plane 5.0 3 2 30 1t 0
3-4) - 5.0 2t 2 45 2t 2

* The dogs exhibited mild convulsions.
t Pure oxygen was administered, and after the onset of apnea, artificial respiration was used
intai imals for lar studies.
$ Section of cranial nerves 9 and 10 was performed in order to abolish chemo-reflexes and
presso-reflexes.  In 3 animals the carotid sinus was stripped and sinus nerve cut.

Attempts to ahtagonizé the apnea pi‘oduced by local anesthetic drugs
in dogs anesthetized with ether have been unsuccessful, as were similar

attempts by Hulpieu and Cole (3), as long as the administration of .

' ether was continued. Ten per cent carbon dioxide (with 90 per cent
oxygen) administered by a positive pressure pump, along with the
amount of ether previously required for maintenance of the anesthetic
level, did not initiate spontaneous respiration. Intravenous adminis-
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tration of 20 mg./kg. of pentylenetetrazol or nikethamide was likewise
ineffective in stimulating respiration although this dose of pentylene-
tetrazol produced tremors and convulsive movements.

The hypotensive effect of local anesthetic drugs in dogs anesthetized
with ether parallels the respiratory depression. When artificial respi-
ration is instituted with continued administration of the previous con-
centration of ether, the hypotension may be maintained for 1 to 2 hours,
affording an ideal prepnmtlon for the study of the mechanism of the
hypotension.

Typical results from the autonomic test agents are presented in fig-
ures 3 to 5. All of the local anesthetic agents potentiated the pressor
action of epinephrine. The effect of cocaine was more pronounced in
this respect and is consistent with the well-known potentiation of the
pressor effect of epinephrine by cocaine. The results also suggest that
the local anesthetic drugs reduce compensatory reflex activity following

EPt OMPP TEA
107KG SQr/KG

. PR-A EPY OMPP TEA
4SMG/XG 107KG SOWKG  SMG/KG .

Fig. 5. Effect of int: pinephrine, 1,1-dimethyl4-phenylpiperaziniom {odids
(DMPP), and tetracthyl i hloride (TEA) on carotid blood prmnra (upper tracings)
and jugular venous pressure (middle tracings) before and after procaine nmlda in a dog.an-
esthetized with ether. No seale was provided for venous p h were

of primary concern.
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the administration of epinephrine. All of the local anesthetic agents
studied, except cocaine, decreased the ganglion stimulating action of
DMPP. Ganglion blockade doses of TEA did not aceentuate the hypo-
tension produced by any of the local anesthetics. On the contrary, the
administration of TEA resulted in a very slight increase in blood pres-
sure of short duration. Typical results from TEA administration are
shown in figure 5. A second or third injection of the local anesthetic

- agent into the dog anesthetized with ether never prodaced more than a
slight transitory additional hypotensive response. Venous pressure
recorded from the jugular vein was not altered appreciably (fig. 5).
No significant dilatation was observed in those hearts examined during
the hypotension.

Electrocardiograms indicated that injection of local anesthetic
agents usually decreased the fast pulse rate of dogs anesthetized with
ether to a rate near normal and decreased the rate of conduction, except
in the case of cocaine, which produced consistent irregularities in
rhythm which persisted for 1 or 2 minutes.

Discussion

The observed apnea produced by local anesthetic agents in dogs an-
esthetized with ether could conceivably result from (1) stimulation of
afferent reflexes altering brain stem funetion, (2) direct depression of
the respiratory center, or (3) paralysis of respiratory muscles by neuro-
muscular blockade. Afferent reflex involvement may be ruled out on
the basis that vagal section and interruption of the special sensory path-
ways from the carotid and aortic areas do not alter the apnea. Other
chemoreceptor mechanisms are unlikely, but possible. Since either
ether or the local anesthetic agents may reduce neuromuscular trans-
mission, it is conceivable that the combination of the two produces
" apnea on the basis of neuromuscular paralysis. The administration of
pentylenetetrazol in doses sufficient to induce skeletal musele tremors
without resulting in any spontaneous respiratory effort indicates, but
does not prove conclusively, that skeletal muscle paralysis is not the
primary cause of apnea. An alternative explanation is an additive or
synergistic depression of the respiratory centers by ether and the local
anesthetic agent. This postulate is substantiated by the fact that pro-
caine (18) or cocaine (19) administered to the medulla and lower brain
centers of the rabbit produces respiratory arrest without evidence of
stimulation. Although the depression of the respiratory centers would
appear to be the best explanation of the apneic effects of the local anes-
thetic drugs in dogs anesthetized with ether, it is not possible to rule
out neuromuscular blockade on the basis of the present experiments.

During the hypotension produced by the local anesthetic drugs in
dogs anesthetized with ether, the administration of blockade doses of
TEA, or additional amounts of the local anesthetic agents, did not fur-
ther reduce blood pressure indicating that nerve-mediated vasomotor
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tone had been lost. - That a direet effect of the local anesthetic drng on
the myoeardium is responsible for the hypotension is unlikely. It is
well known that the local anesthetic agents exert actions on cardiac
musele and, indeed, in the experiments described above, a decrease in
rate of conduction was apparent from the electrocardiograms. How-
ever, venous pressure was not increased and direct inspection of the
heart showed absence of dilatation which would indicate that contrac-
tibility was not altered appreciably and that the heart was not in fail-
ure. Furthermore, Wollenberger and Krayer (20) have reported that
in heart-lung preparations of the dogs, cocaine or procaine produces
heart failure in concentrations considerably higher than minimum lethal
concentrations after intravenous administration to the intact animal.
It should be emphasized that the dose of cocaine or procaine required
to produce hypotension in the dog anesthetized with ether is less than
the lethal dose in the intact animal. A reflex of the Bezold type may be
dismissed on the basis that vagal section and denervation of carotid
reflex pathways did not alter the hypotension. Partial blockade of the
pressor action of DMPP by procaine, procaine amide and lidocaine sug-
gests a component of ganglionic blockade with these 3 agents, although
cocaine did not show such an effect. Accordingly, a combination of
partial ganglionic blockade and central vasomotor depression appears
to be the best explanation of the hypotension produced by procaine,
procaine amide and lidocaine, but just a central effect for the action
of cocaine.

Obviously, the local anesthetic drugs exert both overt stimulant and
depressant actions on the central nervous system. The general anes-
thetic agents ether and chloroform antagonize the stimunlant action of
the local anesthetic drugs on the higher brain centers, but apparently
may act in an additive or synergistic manner with the depressant action
of the local anesthetic agents on the brain centers of circulation and
respiration.

Sunrary

The lethal potencies (LD,,) of cocaine, procaine, lidocaine and pen-
tylenetetrazol in mice are inereased considerably when these agents are
administered intravenously to animals deeply anesthetized with ether
or chloroform. Death results primarily from respiratory failare, con-
vulsions not being observed. Thiopental or pentobarbital anesthesia
protect significantly against procaine and pentylenetetrazol toxicity
but not against cocaine or lidocaine.

Cocaine, procaine, lidocaine or procaine amide, in doses which have
little or no effect in unanesthetized animals, produce apnea in dogs an-
esthetized with ether. This apnea fails to respond to nikethamide, pen-
tylenetetrazol, or forced inspiration of carbon dioxide. Removal of
ether from the administered gas is apparently the best treatment for
reversing the apnea.

In dogs anesthetized with ether the apnea produced by intravenous
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administration of cocaine, procaine, lidocaine, or procaine amide is ac-
companied by a hypotension which persists for several hours, provided
artificial respiration is maintained. 'With the latter 3 agents the hypo-
tension is due in part to ganglionic blockade. Central depression of the
vasomotor centers appears to be the primary factor with all 4 agents.

These investigations were aided in part by research grants B-571 and B-625 from the Divi-
sion of Research Grants, National Institutes of Health. The lidoenine (Xyloeaine) hydro-
" chloride was furnished by the Astra Pharmaccutical Products, Inc., Worcester, Maasachusetts,
and 1,1-dimethyl4-phenylpiperazinium iodide (DMPP), by Parke-Davis & Co., Detroit, Michi-
gan. Preliminary reports of some of these studies in Fed. Proc. 10: 347, 1951, and J. Pharma.
col. & Exper. Therap. 103: 345, 1951.
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