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The suitability of fentanyl, meperidine or alpha-

dine for the production of ! hesia
in conjunction with droperidol and nitrous oxide-
oxygen was investigated in a double-blind study
of 527 surgical patients. Because of the greater
stability of the ci v and y systems
associated with their use, fentanyl and meperidine
were found to be preferable to alphaprodine for
the production of lep hesia. Except for
a lower incidence of apnea and more rapid re-
covery of consciousness, fentanyl does not seem
to offer any significant advantages over meperidine
as a p of lep hesi. (Key
words: Neuroleptanesthesia; Droperidol; Fentanyl;
Mecperidine; Alphaprodine.)

A BUTYROPHENONE DERIVATIVE, droperidol
(Inapsine), in combination with a potent,
short-acting narcotic analgesic, fentanyl ci-
trate (Sublimaze) and nitrous oxide-oxygen,
has been widely used for the production of
neurvleptanesthesia both in the United States
and abroad. After obtaining some experience
with this technique,! we were interested in de-
termining whether droperidol and/or fentanyl
are essential for the production of neurolept-
anesthesia, or whether they could be replaced
by other ataractic drugs, or narcotics, without
sacrificing any of the advantages attributed to
the technique. Preliminary studies (unpub-
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lished data) with combinations of 0.15 mg/kg
droperidol, 0.6 mg/kg chlorpromazine (Tho-
razine), 0.3 mg/kg triflupromazine (Vesprin)
and 1.0 mg/kg hydroxyzine (Vistaril) and fen-
tanyl revealed that droperidol is preferable for
the production of neuroleptanesthesia. Com-
parison of combinations of droperidol with
0.003 mg/kg fentanyl, 3 mg/kg meperidine
hydrochloride (Demerol), and 1.2 mg/kg
alphaprodine hydrochloride (Nisentil) in rela-
tively small groups of patients, however, failed
to show a clear-cut superiority of any of the
three short-acting narcotics over the others.
Consequently, a double-blind study was un-
dertaken in a larger number of patients with
combinations of these three narcotics and
droperidol.

Material and Methods

Subjects of the investigation were 527 con-
secutive surgical patients more than 16 years
of age who required general anesthesiz. Pa-
tients scheduled for cardiac surgery or crani-
otomy and moribund subjects were excluded
from the study.

The droperidol solution contained 2.5 mg
/ml. Three narcotics were supplied in identi-
cal-looking 20-ml ampules containing 30 g
/ml fentanyl, 30 mg/ml meperidine, or 12 mg
/ml alphaprodine.§ These concentrations
were selected on the basis of the relative anal-
gesic potencies of the narcotics. The analgesic
potency of fentanyl relative to meperidine
(1,000 to 1) was estimated from comparison
of the “settling” doses of the two compounds
in preliminary studies. The settling dose of
narcotic was arbitrarily defined as the mg/kg
dose required by more than 90 per cent of
patients to enable them to tolerate incision of
the skin after administration of a single 0.15

§ Droperidol and the coded ampules containing
the three narcotics were kindly supplied by the
McNeil Laboratories of Fort Washington, Pa.
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mg/kg dose of droperidol and inhalation of
nitrous oxide-oxygen for ten to 12 minutcs.
The analgesic potency of alphaprodine relative
to meperidine (2.5 to 1) was based on earlier
studies,® 3

Consecutively numbered narcotic ampules,
each containing one of the three narcotics, in
a randomized sequence, were delivered to the
hospital pharmacy together with a sealed iden-
tification list. Identification tags were re-
moved before the ampules were made avail-
able for the study. All narcotic ampules, with
the exception of a few destroyed by breakage,
were used consecutively. The identity of the
narcotic was not revealed to the anesthesiolo-
gists until completion of the study, when the
code was broken by the Medical Department
of McNeil Laboratories.

Patients were divided into three groups. In
group I, no neuromuscular blockers were used;
in group II, succinylcholine chloride (Anec-
tine) was given for intubation; in group III,
succinylcholine was given for intubation and
d-tubocurarine chloride (Tubarine) or galla-
mine triethiodide (Flaxedil) employed for the
maintenance of surgical relaxation. After the
code had been broken, each of the three
groups was divided on the basis of narcotics
used into fentanyl, meperidine, and alpha-
prodine subgroups.

PREMEDICATION

Patients received 50 to 100 mg diphenhy-
dramine hydrochloride (Benadryl) and 0.3 to
0.4 mg scopolamine hydrobromide or 0.3 to
0.6 mg atropine sulfate intramuscularly 90
minutes prior to the start of anesthesia.

ANESTHETIC MANAGEMENT

On the patient’s amrival in the operating
room, pulse rate, blood pressure and respira-
tory rate were recorded and an intravenous
infusion of 5 per cent dextrose containing 0.2
per cent NaCl was started. All drugs were
injected through the rubber sleeve of the infu-
sion set. Immediately after the start of the
infusion, 0.15 mg/kg droperidol was adminis-
tered and the patient’s mouth and pharynx
were anesthetized topically with a 1 per cent
tetracaine hydrochloride (Pontocaine) spray.
Six to eight minutes after injection of droperi-
dol the initial dose of narcotic was injected.
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This initial dose consisted of a third of the
previously determined settling dose (0.1 ml/kg
body weight, i.c., 0.003 mg/kg fentanyl, 3 mg
/kg meperidine, 1.2 mg/kg alphaprodine) of
the unknown narcotic solution. A minute after
administration of the narcotic, a mixture of 6
to 8 I/min nitrogen oxide and 2 1/min oxygen
was administered by face mask for three min-
utes. Flow rate of nitrous oxide was de-
creased to 3 to 4 I/min and that of oxygen to
1 /min for an additional three minutes. If
the patient did not require endotracheal intu-
bation, the nitrous oxide—oxygen mixture was
administered for another ten minutes, after
which the flow of nitrous oxide was decreased
to 2 1/min and that of oxygen kept at 1 I/min.
An oropharyngeal airway was inserted, usually
within one or two minutes after the start of
the nitrous oxide—oxygen administration.

Fractional doses of narcotic consisting of a
sixth to a fourth of the calculated dose were
given, as required, until the patient seemed to
tolerate surgical stimuli. In the majority of
patients less than the empirically selected set-
tling doses of narcotics were required to ob-
tain analgesia. Most patients were adequately
anesthetized when respiratory rates were be-
tween 12 and 16/min.

When endotracheal intubation was indi-
cated, 0.6 mg/kg succinylcholine was adminis-
tered intravenously over 30 seconds. The
lungs were ventilated with a high flow of oxy-
gen for 30 seconds and the trachea was intu-
bated. Following intubation, nitrous oxide—
oxvgen was administered as described for the
nonintubated patients.

\Whenever muscle relaxants were indicated,
0.2 mg/kg d-tubocurarine or 1 mg/kg galla-
mine was administered three to five minutes
before relaxation was required. When the
pulse rate was 80 beats/min or more, d-tubo-
curarine was given; when it was less than 80
beats/min gallamine was used. Each subse-
quent fractional dose of the neuromuscular
blocker was about a third of the initial dose.

Indications for administration of fractional
doses of narcotic were voluntary movements,
elevation of pulse rate or blood pressure
despite adequate ventilation, and irregular
breathing or breath-holding. Fractional doses
of narcotic were not used to deepen anesthesia
in patients with adequate analgesia. In the
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Volume 33
Number 1
Tasre 1. Categories of Patients Studied
Sex Physical Status
G ~: " .\'un;bcr Aze l?\umtli}:)n.ol
roups Narcotic o v Anesthesia
Patients|  (Y3™ | por Cent | Per Cent | Per Cent | Per Cent | (min)
Male Femule | Iand II {ITand IV
1. No muscle Fentanyl 87 385217 138 86.2 98.8 12 | 346+ 18
relaxant Meperidine 91 |347 =14 18.6 S1.4 97.8 22 | 50.3 &= 5.7
Alphaprodine 77 35.4 £ 1.7 13.0 8§7.0 97.4 26 40.6 = 4.4
I Relaxant for | Fentanyl 22 351.6 = 3.6 43.5 .5 90.9
intubation Meperidine 13 3 £3.7 38.4 61.6 100.0
only Alphaprodine | 23 5.2 £ 2.5 30.0 61.0 83.5
III. Relaxant be- | Fentanyl 68 + 1.8 | 47.1 86.8
fore intuba- | Meperidine GS + 1.8 47.0 70.4
tion and dur- | Alphaprodine| 78 £ 1.9 41.0 885
ing surgical
operation

* Standard error.

rare instance where the patient with good
analgesia showed signs of awakening, 25 to
50 mg diphenhydramine were injected intra-
venously.

At termination of anesthesia, the lungs were
ventilated with 100 per cent oxygen for three
to four minutes. Five minutes after the end
of nitrous oxide administration the state of
consciousness was tested by observing whether
the patient was capable of answering ques-
tions, obeying commands, and responding to
stimulation. When he was unable to answer
questions, the time at which he was able to
do so was recorded.

If, because of the length of the operation
or for other reasons, the amount of narcotic
contained in the 20-ml ampules supplied was
not sufficient, analgesia was maintained with
fentanyl for the remainder of anesthesia. This
happened in six cases. In two of these, opera-
tion lasted for more than six hours, and in four
there were histories of chronic alcoholism.
These cases were not included in analysis of
the data.

Whenever reversal of the residual effect of
the neuromuscular blocker was indicated, de-
pending on the patient’s pulse rate, 0.4 to 0.6
mg atropine sulfate, followed immediately by
1.0 to 1.5 mg neostigmine methylsulfate (Pro-
stigmine), was administered. When this dose
of neostigmine improved respiration but not
satisfactorily, additional 0.5-mg doses of neo-
stigmine were administered three to five min-

utes apart as long as each dose was followed
by further improvement. If bradycardia de-
veloped in the course of reversal, additional
0.1- to 0.2-mg doses of atropine were given.

OBSERVATIONS DURING ANESTHESIA

Pulse rate, blood pressure (by auscultation)
and respiratory rate were recorded four to five
minutes after administration of droperidol,
three minutes after the injection of the initial
dose (1 pg/kg fentanyl), 1 mg/kg meperidine,
or 0.4 mg/kg alphaprodine) of narcotic, five
minutes after intubation, and at 10 minute
intervals throughout anesthesia and immedi-
ately after extubation. The time of incision
of the skin (measured from the administration
of the first dose of narcotics), or that of the
first painful stimulus, and the patient’s re-
action was noted. Apnea (defined as no spon-
taneous breathing for 20 seconds or more),
except that caused by succinylcholine, and
ventilatory difficulty owing to expiratory spasm
of the respiratory muscles (diagnosed from
the increased inflation pressure of the lungs in
the absence of neuromuscular blockers) were
also recorded.

POSTANESTHETIC FOLLOW-UP

Every patient was visited by his anesthetist
16 to 24 hours after operation. The following
questions were asked: a) How do you feel?
b) Do you remember anything about your
operation? c) If the answer is yes, what do
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Tanre 2. Changes in Pulse Rate
Pulte Rate (Iicats 'min)
Narcutic |
Control | AMter Droperidol | After. Nareotic? At End of
Fentanyl sty x200 | $4.1 = 2.0 S1.5 4 1.8t
Group I Meperidine MIE19 P27 1.8 90.1 = 1.6
Alphapridine S7.0 = LS } S0.7 & 1.7t 80.9 + 2.0t
Fentanyl i SO0 = 4.2
Group 11 Meperidine 3 N2.5 = 4.0
Alphaprodine 80.0 £ 3.3 3.9 = 3.3 700 £ 4.7t

Featanyl ST & 22
Group I Meperidine A
Alphaprodine S8 £ LG

2419

L5t

¢ Standard error,

Tbulbllull\ significant (/7 < 0.03) change from control.

$ Three after

vou remember? d) Did you feel nauseated?
¢) Did you vomit? f) Do you have anything
unusual to report?

Results

The findings are summarized in tables 1 to
9. Table 1 indicates that within cach group
the patients in the three subgroups were simi-
lar in regard to number, age, sex, anesthetic
risk and duration of ancsthesia.

Droperidol (table 2) caused 2 moderate in-
crease in pulse rate.  Of the three narcotics,

ration of the initial dose.

meperidine had little or no elffect on pulse.
Both fentanyl and alphaprodine decreased
pulse rate, but only the alphaprodine-induced
slowing of the pulse rate was significant. At
the end of anesthesia pulse rate was about the
same as the control rate after meperidine, and
somewhat lower after fentany) or alphaprodine
in most subgroups.

Droperidol had no significant effect on sys-
tolic (table 3) or diastolic (table 4) blood
pressure. The cflects of the three narcotics
on these variables were similar to their cffects

Tanre 3. Changes in Systolic Blood Pressure

Blood Prexsyre (mm i)

Nareotic

Control AMter Droperidol | After Narcatic AuEnd of
Fentany! 114.9 2 4.7 1133 =28 121.2 % 3.0
Group 1 Meperidine 1212 £ 21 1189 + 2 1219 £ 2.4
Alphaprodine 116.4 223 106.3 £ 2.2¢ 113.8 £ 2.2

Fentanyl 1311 £ 8.2

Group 11 Meperidine 5 1172 = 6.2
Alphaprodine 415 =44 1197 = 7.3 131.6 = -l..:
Fentanyl 1424 3.1 1331 £ 3.1 146.7 £ 4.3
Group 111 Meperidine 1364 4 2. * 1314 £ 28
Alphaprodine 134.9 £ 3.0 119.1 = 3.0¢ 136.1 £ 2.7

* Standard error.
1 Statistically significant (7 < 0.05) change from control.
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Number I
TasLe 4. Chauges in Distolic Blood Pressure
Blood Pressure (mm Hg)
Narcotic -
Control After Droperidol | After Narcotic x End of
Fentanyl 710 £ 1.1* 70.5 = 1.6 67.2 £ 1.5
Group I Meperidine T4 = 1.7 Tl4 1.5 704 £ 1.8
Alphaprodine 68.3 £ 1.5 67.5 = 1.4 62.2 % 217
Fentanyl $S.1 % 5.0 7.2 8.1 3.5
Group I Meperidine 4231 3.8 711 £ 3.1
Alphaprodine S1.5 £ 1.8 79.3 68.0 = 3.7
Fentanyl 78.0x£23 3. 759 £ 1.9
Group 111 Meperidine 782 4 1.9 78. 770+ 1.3
Alphaprodine 792418 > 69.5 £ 1.7t

* Standard error.

1 Statistically significant (P < 0.03) change from control.

on the pulse rate. Only alphaprodine caused
significant (10 to 15 per cent) decreases in
systolic and diastolic blood pressures. The
hypotensive effects of the two other narcotics
were less marked and not significant. At the
end of anesthesia, blood pressures were at or
near control levels.

Droperidol caused a moderate, but not sig-
nificant, decrcase in respiratory rate (table
5). In contrast, the three narcotics caused
significant 20 to 30 per cent decreases within

tory rates were slower than control rates at
the end of anesthesia, but slowing was not
always significant.

The incidences of apnea and ventilatory
difficulties (table 5) were highest in the alpha-
prodine subgroups and about equal in the fen-
tanyl and meperidine subgroups.

The settling pg/kg doses of the three nar-
cotics (table 6) were relatively constant in
the three groups: 1.92 to 2.53 for fentanyl;
1,720 to 2,170 for meperidine; and 561 to 739

three after administration. Respira- for alphaprodine. In contrast, as observed
TanLe 5. Respiratory Changes

Respiratory Rate (Beats/min) oo !‘x_:cid_r:lnce of

Narcotic of Apoea | SRS

Control | poafttin | ximer. | AtEsger | (FerCend) | (reCay
Fentanyl 19.6 = 0.1} 18.8 % 0.5} 0.0 4.6
Group I Meperidine 20.6 = 0.4 174 = 0.5¢ 2.2 5.5
Alphaprodine 202 £ 0.5 15.0 2= 0.5¢ 19.5¢ 10.0
Fentanyl 207 = 1.4 | 19012 = 1.21116.6 = 1.2} 0.0 9.1
Group IT { Meperidine 219 = 1.4 [ 213 £22 = L3t | 213 = 24 15.4 77
Alphaprudine | 19.6 = 1.2 [20.0 2 0.8 | 13.1 & 1.1t 15.0 = 0.9% 34.8¢ 26.1
Fertanyl 20206 [19.8 0.5 [ 157 =0.7F| 18.7 = 1.1 2.8 13.2
Group 11T { Meperidine 20.3 0.5 [ 194 204 | I4.1 2 0.6%{ 19.6 £ 0.7 4.4 8.8
Alphuprodine | 20.1 £ 0.5 | 20.2 22 0.6 | 14.4 £ 0.81 | 184 = 0.9f 19.3% 14.1

* Standard error.
1 Sts

istically significant (P < 0.05) change from control.

1 Statistically significant (P < 0.05) difference from groups I and 11.
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TasLe 6. Dose Requirements and Degree of Analgesia

Average Settling Average Total Reaction to

Narcotic Dose of Narcotic Dose of Narvotic Skin Incision

(nr/kg) (u/kg/wmin) (Per Cent)
Fentunyl 1.92 = 0.06* 0.07 =+ 0.005 103
Group I Meperidine 17200 = 70.0 69.2  =3.7 8.3
Alphaprodine 5610 = 210 2.5 x1.9 6.5
Fentanyl 253 = 022 0.037 £ 0.013 4.5
Group II Meperidine 1880.0 == 140.0 272 3.1 77
Alphaprodine 7390 = 450 9.04 = 1.0 13.0
Fentanyl 228+ 010 0.033 = 0.002 2.1
Group I Meperidine 21700 = 900 282 15 10.0
Alphaprodine 707.0 = 230 10,0 +04 5.1

* Standard error.

before,>* the pg/kg/min doses of the three
narcotics were greater during ancsthesias of
short duration (group I) than in anesthesias
of longer duration (groups II, III). The inci-
dences of reaction to skin incision, represent-
ing error in judgment with regard to depth of
anesthesia, did not follow any set pattern, and
varied from 4.5 to 12.1 per cent in the various
subgroups.

The ratios of the settling and the ug/kg/min
doses of the three narcotics (table 7) indicate
that on a weight basis, fentanyl is about 750
to 950 times more potent than meperidine
and about 250 to 350 times morc potent than
alphaprodine.  Alphaprodine was found to
be about 3 to 3.8 times more potent than
meperidine.

Evaluation of the states of consciousness of
the subjects five minutes after discontinuation
of nitrous oxide—oxygen revealed that patients
who received fentanyl had higher levels of
awareness of their swrroundings than those re-

ceiving meperidine or alphaprodine (table 8).
After fentanyl, 65.8, 77.3, and 722 per cent
of the patients in groups I, II and III, re-
spectively, were able to answer questions, and
only 2.5, 0, and 5.8 per cent in groups I, II
and III were nonreactive. Awareness of sur-
roundings was somewhat better in those pa-
tients who received alphaprodine than in those
given meperidine. The average time required
for all patients to answer questions was also
lowest after the use of fentanyl, in all three
groups.

There were no major differences (table 9)
among the various subgroups in the percent-
ages of patients requiring narcotics in the first
24 hours postoperatively. The number of
analgesic doses required in the first 24-hour
periods and the incidences of nausea and vom-
iting were also similar in the three subgroups
of groups I, II and IIL

No signs of extrapyramidal excitation or
unusual psychotomimetic effects were observed

TanLe 7. Ratios of the Mean Settling and Maintenance Doses of Meperidine and
Alphaprodine to Those of Fentanyl

Ratios of Scttling Doses* Tatios of Maintenance Dosest
Group I | Group I1 Group III Group I Group IT Group II1
Meperidine/fentany! 896.0 ’ 7481 951.7 974.6 735.1 §544
Alphaprodine/fentanyl 2022 l 2024 310.1 373.2 244.3 303.0
* ug/kg before skin incision.

1 pg/kg/min during anesthesia.
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Number § 4
TapLE 8. State of Consciousness Five Minutes After Discontinuation of N0
Navco Patjent Answers | Patient Obeya | Patient Responds| v Average Time
R S : e e No, v
areotie (Per Cent) (er Cent) | ““(Per Cont) (Per Cent) Qeations
Fentanyl 65.8 14.1 17.6 235 7.9+ 08
Group I Meperidine 4.0 20.7 15.3 11.0 139+ 23
Alphaprodine 42.8 299 143 13.0 16.7 &= 4.8
Fentanyl 773 18.2 4.5 0.0 79 25
Group II | Meperidine 38.4 23.1 30.8 77 314 £ 145
Alphaprodine 43.5 21.8 26.1 8.6 129+ 43
Fentanyl 722 14.7 7.3 5.8 104 2 27
Group III | Meperidine 36.0 19.1 16.2 8.7 133 27
Alphaprodine GS.0 16.6 7.7 7.7 123+ 1.8

* After discontinuation of nitrous oxide-oxygen.

postoperatively. Few patients remembered
(although some resented) application of the
face mask. The majority of patients were well
satisfied with the anesthesia and volunteered
the observation that they were less nauseated
than after other anesthesias.

Comments

In agreement with earlier experience,® dro-
peridol had little or no effect on the circula-
tory and respiratory variables observed. Fol-
lowing the initial doses of narcotics, only al-
phaprodine caused significant mean decreases
in pulse rate and systolic and diastolic blood
pressures. At one time or another during op-
eration, mean pulse rates and systolic and di-

astolic blood pressures were variously signifi-
cantly higher and lower than control values in
almost all subgroups. At the termination of
anesthesia, however, mean values were not
significantly different from control values in
most subgroups. There were significant de-
creases in mean respiratory rate after adminis-
tration of the narcotics in all subgroups. Mean
respiratory rates were below control values in
all subgroups at the end of operation; how-
ever, differences in the meperidine subgroup
of group II and in the fentanyl and meperidine
subgroups of group Il were not significant.

The incidence of apnea after the initial dose
of narcotic was significantly higher with alpha-
prodine than with fentanyl or meperidine.

TasLe 9. Postoperative Narcotie Req and Ineid of Nausea and Emesis
Narcotic Requined | y oo oo Time of Adminie
Namoie | Hifn | SamtieBoasia | ARSSRRING | vaen | vomir
Postoperatively | g3t 23 HousS | (Hiours from ead | (Per Ceat) | (Per Cent)
{Per Cent) ostoperatively of anesthesia)
Fentanyl 27.6 2,002 8.2+ 16 9.3 4.6
G i Meperidine 18.9 25 +03 6.2 +0.7 12.6 4.6
roup Alpha-
prodine 13.0 1.6 = 0.2 9.1+13 4.0 1.4
Fentanyl 36.3 25202 4.9 £ 1.0 4.3 1.5
Meperidine 33.8 2.0 = 0.4 7612 15.4 15.4
Group IT [ 4poha.
prodine 522 79 +18 26.1 17.2
Fentanyl 85.4 7.6 £ 0.8 19.7 12.1
A idi 78. 7.0 .7 9. 2
Group 111 ‘\d;ﬁ?:dme 78.0 7.0 £ 0.7 19.4 149
prodine 78.3 23 +£0.2 7904 28.0 104
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42 FOLDES, SHIFFMAN, AND KRONFELD

Ventilatory difficulties also occurred more fre-
quently with alphaprodine, but the differences
were not significant. Although the incidence
of these complications may seem relatively
high, it should be remembered that every pa-
tient, without regard to age or physical condi-
tion, received a fixed initial mg/kg dose of one
of the narcotics. Subsequent experience with
more than 1,000 patients indicates that if the
initial dose of narcotic is individualized ac-
cording to age, physical condition and the
presence of complicating pathophysiological
factors, the incidence of apnea and/or venti-
latory difficulties is significantly less.

The ratios of the settling and maintenance
doses of meperidine and alphaprodine to fen-
tanyl (see table 7) were not significantly dif-
ferent. This indicates that durations of the
analgesic effects of the different narcotics are
about the same. If this were not so, then
the ratio of the maintenance doses, which in
addition to analgesic potency also reflects du-
ration of analgesia, should be significantly
lower for the longer-acting drug than the ratio
of the settling doses, which depends only upon
analgesic potency.

In view of the seemingly similar durations
of analgesic effects of the three narcotics, it
is of interest that, judging from the state of
consciousness at the termination of anesthesia

Anesthesiology

July 1970
(see table 8), the intensity and/or duration
of the hypnotic effect of fentanyl was less than
that of the other two narcotics. These findings
suggest the possibility of a dissociation be-
tween duration of analgesia and the hypnotic
cffects of the three narcotics.

In conclusion, fentanyl and meperidine were
found more suitable for the production of
neuroleptanesthesia in conjunction with dro-
peridol than alphaprodine. Except for the
lower incidence of apnea and the more rapid
recovery of consciousness at the termination
of anesthesia, fentanyl does not seem to have
any significant advantages over meperidine as
a component of neuroleptanesthesia.
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Muscle

NEUROMUSCULAR TRANSMISSION The facilitation of the end-plate poten-
tial amplitude during low-frequency repetitive stimulation, and recovery of the
already-facilitated end-plate potential after the termination of repetitive stimulation,
were investigated by recording the intracellular end-plate potentials in magnesium-
blocked nerve-muscle preparations of the Japanese frog. \ith brief repetitive stimu-
Iation, the amplitude of the end-plate potential increased almost linearly with time,
and the rate of increase in the amplitude of the end-plate potential was an exponen-

tial function of the stimulation frequency.

and Demobilization P in Neur

(Maenn, T.: Analysis of Mobilization
T ission in the Frog, J. Neuro-

physiol. 32: 793 (Sept.) 1969.)
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