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Nusmerous studies have demonsirated the increased response to the
administration of epinephrine in the experimental animal given thy-
roxin (1, 48, 10, 11). It has also been shown that when atropine is
given prior to the administration of epinephrine, the latter produces
a greater effect on pulse rate and blood pressure than would otherwise
occur (3,13). In the year before the gathering of the data presented
below, 4 thyrotoxic patients, whose basal metabolic rate had been
brought to normal or near normal levels, exhibited a reaction of appre-
ciable proportions during operation. Each had received atropine as
premedication. Lee (10) has demonstrated that a decrease in the basal
metabolic rate toward normal is not accompanied by a correspondingly
prompt return toward normal of the epinephrine sensitivity of sym-
pathetic effector organs.

Atropine, together with morphine, is commonly administered to
thyrotoxic patients just before operation at a time when they are most
apprehensive and might logically be expeeted to secrete significant
amounts of epinephrine. Accordingly, it was thought worth while to
ascertain whether or not a given dose of epinephrine produces a more
marked effect after atropine has been administered. It was also
thought worth while to make a quantitative comparison of atropine
and scopolamine in this regard in both euthyroid and thyrotoxic pa-
tients.

Tue Brrect or AtnoriNe MaTeriaL anp MeTHOD

All observations were made on patients of the Massachusetts Gen-
eral Hospital. Table 1 sets forth the drugs that were administered
fo each of these patients, the route of administration, the dose given
and whether or not the patients were thyrotoxic. Five were males and
9 were females. The ages ranged from 15 to 51, the average age being
30 years. The nonthyrotoxic group of patients were sclected from
available preoperative or convalescent patients; they were in the hos-
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Sept., 1954 EFFPECT OF ATROPINE AND SCOPOLAMINE 485

pital for inguinal herniorrhaphies, interval appendectomies or hemor-
rhoidectomies and were in good nutritional condition.

Two or more sets of observations were made on each patient. Pre-
ceding each observation period the patient rested, flat in bed, for thirty
minutes. The blood pressure was determined by the amscultatory
method, adhering to the criteria of Ragan and Bordley (12). Pulse
rates were counted for a full minute with the aid of a stop watch and
counting was started during the resting phase of expiration.

All the epinephrine hydrochloride used in these experiments was
from the same box of 100 ampules. The Parke-Davis product was
employed. The atropine sulfate was procured from the wards at the
time of the experiment.

TABLE 1
PatiexTs, Drtg, Dost AND RoUTe oF ADMINISTRATION
Obeervation 1 Observation 2
‘Thyrotozie
Case or

Epml:‘r’mt. Dose in mz. Amﬂ:" i:)::‘ Ep'ﬁ;'::z“’ Done in mg. Control

1 S.C. 0.3 V. 0.64 S.C. 0.3 Thyro-

toxic

2 S.C. 0.3 Lv. 0.64 s.C. 0.3 Thyro-

toxic

3 S.C. 0.3 Lv. 0.64 S.C. 0.3 Thyro-

toxic

4 S.C. 0.3 8.C. 0.64 S.C. 0.3 Thyro-

toxic

5 S.C. 0.3 S.C. 0.64 S.C. 0.3 Thyro-

toxic
6 S.C. 0.3 LV. 0.64 8.C. 0.3 Control
7 S.C. 03 LV. 0.64 S.C. 0.3 Control
8 S.C. 03 Iv. 0.64 S.C. 0.3 Control
9 S.C. 0.3 S.C. 0.64 S.C. 0.3 Control
10 5.C. 0.3 8.C. 0.64 S.C. 0.3 Control
11 LV. 001 mg./min. LV, 0.64 LV. 0.01 mg./min. | Control
12 LV, 0.0096 mg./min. LV. 0.64 Lv. 0.0096 mg./min. | Control
13 Lv. 0.0055 mg./min. | S.C. 0.64 LV. 0.0055 mg./min. | Control
14 LV. 0.0063 mg./min. | S.C. 0.64 Lv. 0.0063 mg./min. | Control

Epinephrine Subcutancously (Cases 1 to 10). In observation 1,
after control levels were established, 0.3 ce. of normal saline solution
was injected and ten minutes later 0.3 cc. of a 1:1000 solution of epi-
nephrine hydrochloride was given. Both injections were subentane-
ous. The blood pressure and pulse rate were determined at two minute
intervals for at least thirty minutes thereafter. Observation 2 was
made five to eight hours later on the same day (with the exception of
case 3). After a thirty minute rest period, 2.0 cc. of normal saline solu-
tion was injected either subcutaneously or intravenously, corresponding
to the route of the subsequently administered atropine. Ten minutes
Iater 0.64 mg. of atropine sulfate was given. If given intravenously,
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486 Srtanpey J. Sanxorr anp Ouver Core

fifteen minutes was allowed to elapse before the subsequent subecu-
taneous injection of 0.3 mg. of epinephrine; if the atropine was given
subcutaneously, twenty minutes was allowed to intervene. The blood
pressure and pulse rate were followed at two minute intervals for at
least thirty minutes after the injection of epinephrine (fig. 1 A). In
both sets of observations, the severity of the subjective distress and
tremor was carefully noted.

In 4 of the 10 patients observation 2 was performed in the morning
and observation 1 later in the day.
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Fio.1 A. Comparison of effect of subcut. dmini; ion of epinephrine before and
after atropine. At 1, 0.5 cc. of normal saline was injected subeutancously. At 2, 0.3 cc. of
epinephrine hydrochloride, 1: 1000, was injected subcutancously. At 3, 0.64 mg. of atropine
sulfate was injected subcutaneously.

Fi6. 1 B. Comparison of effect of int ration of epinephrine before and
after atropine. At 1, epinephrine hydrochloride, 1: 200,000, was introduced intravenously st
a rato of 0.0063 mg. per minute. This was stopped at 2. At 3, 0.64 mg. of atropine sulfate
was administered subcutancously and from 4 to 5 tho same epinephri lution was admini
tered at the same rate as in the period from 1 to 2.

Yemind,

Epinephrine Intravenously (Cases 11 to 14). A continuons intra-
venous drip of normal saline solution, at 30 drops per minute, was
introduced into the right antecubital vein. A separate reservoir,
containing a solution of 1:200,000 epinephrine hydrochloride in normal
saline, was connected to the intravenous needle by means of a three-way
stopcock. The dripper was carefully calibrated (22 drops per cubic
centimeter) and the drip rate was made constant by the use of a long,
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EFFECT OF ATROPINE AND SCOPOLAMINE 487

flat, spring clamp.; After control levels were obtained, the epineph-
rine was turned on and allowed to run in at a constant rate for about
twenty-five minutes. The epinephrine drip was stopped and admin-
istration of the normal saline solution was resumed for thirty minutes.
At the end of this time 0.64 mg. of atropine was administered, intra-
venously in 2 patients and subcutancously in 2. Fifteen or twenty
minutes later (depending upon the route of administration of atropine)
the epinephrine was again turned on and allowed to run in at the same
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Fia. 2 A. Comparison of effect of epinephrine before and after atropine in .10 patients
at moximal beart rates after injection, The first blank columns in each group represent the
control level of the heart rate before, nnd the dotted columns represent the highest lovel at-
tained after, administration of epinephrine. The second blank co]umnu in each group repre-
sent the eontrol level before, and the black ol the highest level attained after,
administration of atropine and epinephrine. The first 3 paticata were thyrotoxic and the last
& were cuthyroid. Numbers are 1 to 10 from left to right for correlation with table 1.

F10. 2 B, Bame as 2 A except that the dotted and black columns represent average rather
than maximal changes for the thirty minute period after injection.

rate and for the same interval as deseribed above. The blood pressure,
pulse rate and drip rate were determined every two minutes (fig. 1 B).

Analysis of Results: It was thought that a consideration of the sys-
tolic pressure and heart rate in terms of both the maximal height
reached and an accurate average height for the thirty minute period
following injection would be more satisfactory than consideration of
either value alone. All the figures obtained were plotted and subjected
to planimetric analysis. The average increase per minute was deter-
mined by computing the area under the curve with the use of a com-

+ Made by the Harvard Apparatus Co.
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488 Sraxtey J. Sarxorr axp Oniver Core

pensating planimeter and dividing by 30. The pre-injection level was
used as a base line for the area in each case (fig. 1 A).

Two thyrotoxic patients (eases 1 and 5) were given saline solution
and epinephrine as described under observation 1, and saline solution,
atropine and epinephrine as deseribed under observation 2. Before
and after the administration of these agents, continuous clectromyo-
graphic fracings were taken from the extensor surface of the mid-
forearm. The total number of microvolts generated by this group of
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Fra. 3 A. Same as 2 A except that values are for systolic arterial pressure in millimeters
of mercury.

Fig. 3 B. Same as 3 A except that dotted and black columns represent average rather
than maximal ehanges for the thirty minute period after injection,

muscles was thus continuously recorded (2). The electromyograms
were taken, examined and computed by Dr. M. A. B. Brazier of the
eleetro-encephalographic laboratories of this hospital.

ResuLts
1. Pariexts Receiving KPINEPHRINE SUBCUTANEOUSLY

A. Heart Rate: In all 10 patients, the mazimal increase in heart
rate above control levels was greater when the injection of epinephrine
was preceded by atropine (fig. 2 A). The difference varied from 13 to
47 beats per minute with a mean of 29.5 beats per minute.

Tn all 10 patients the average increase per minute in the heart rate
above control levels for the thirty minute period after the injection

of epinephrine was greater when atropine was given previously (fig.
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EFFECT OF ATROPINE AND SCOPULAMINE 489

2 B). The difference varied from 17 to 45 beats per minute with a
mean of 25.2 beats per minute.

B. Systolic Arterial Pressure: Tu 9 of the 10 patients, the mazimal
increase of arterial pressure above control levels was greater when the
injection of epinephrine was preceded by atropine (fig. 3 A). The dif-
ference varied from 2 to 61 mm. of mercury, the mean being 22 mm. of
mercury. In the other patient (case 3) the mazimal increase of arterial
pressure above control levels was smaller when the injection of epineph-
rine was preceded by atropine than when it was given alone. In this
thyrotoxie patient (the only patient in whom more than six hours in-
tervened between observations 1 and 2), observation 2 was made eight
days after observation 1 and during this time appropriaie therapy had
been administered (fig. 3 A).

In 9 of the 10 patients, the average increase in the systolic arterial
pressure above control levels for the thirty minute period following the
injection of epinephrine was higher when atropine was given previ-
ously (fig. 3 B). The difference varied from 2.7 to 25.7 mm. of mer-
cury, the mean being 10.4 mm. of mercury. In the other patient (case
3, discussed above) this did not occur.

C. Subjective Reaction: In the euthyroid patients, the preliminary
administration of atropine seemed to intensify only slightly the symp-
toms produced by the injection of epinephrine. The difference was
not clear enough to justify any conclusions in this group. The thyro-
toxic patients were in direct contrast to the normals in this regard,
since the subjective reaction of these patients to epinephrine was
clearly intensified when atropine was given previously. The tremor,
pounding of the heart, dyspnea and apprehension were unmistakably
increased. One thyrotoxic patient (case 1) complained of tightness of
the chest and precordial distress when administration of atropine
preceded the epinephrine, whereas this did not occur when epinephrine
alone was given.

D. Electromyograms: The electromyograms, taken in cases 1 and 5,
revealed that the eleetrical activity generated by the muscles of the
forearm was greater and more sustained when the epinephrine was
preceded by atropine than when it was given alone (fig. 4). Simul-
tancous observation of the hands suggested that the increase in elec-
trical activity corresponded to the periods of increased tremor. Ink-
writer records of the heart rate, taken at the same time, confirmed the
previously obtained results mentioned above.

I1. PaTiexts Recevixe EpiNepunriye INTRAVENOUSLY

In each of the 4 patients who were given epinephrine intravenously,
the responses of the blood pressure and heart rate were higher when
the epinephrine was preceded by atropine than when it was given alone
(fig. 1 B). The maximal difference in pulse rate varied from 6 beats
per minute to 25 beats per minute, the mean being 16.2 beats per minute.
The maximal levels of blood pressure likewise were greater when
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Fia. 4. Electromyograms taken after administration of cpinep
epinephrine preceded by atropine (sco text).

alone and after

atropine preceded the epinephrine. The difference varied from 5 mm.
of mercury to 11 mm. of mercury, the mean being 8.2 mm. Since the
period of injection was not precisely the same in each case, planimetric
analysis would not be accurate. However, the area under both the
blood pressure and heart rate curves for comparable periods was
always significantly greater when the epinephrine was preceded by
atropine.

Comparison of the Effect of Atropine and Scopolamine

It is believed that atropine and scopolamine differ quantitatively
in their peripheral cffects. Scopolamine is thought to be a stronger
blocking agent on the salivary, bronchial and sweat glands and the iris
and ciliary body, while atropine exerts a more pronounced effect upon
the heart, bronchiolar musele and intestine (9). It seemed worth while,
therefore, to attempt to demonstrate whether scopolamine augments
the heart rate and blood pressure to a lesser extent than atropine does
in the presence of circulating epinephrine.

Since the comparison of the two drugs was to be a quantitative de-
termination, it was deemed necessary to avoid the small error inherent
in tablet medication. Acecordingly, all the atropine and scopolamine
used in the subsequently deseribed experiments was prepared from
crystalline material dried to constant weight and made up freshly on
the morning of the day it was to be used.
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EFrFeCT oF ATROPINE AND SCOPOLAMINE 491

It can be seen from the data presented in the preceding section that
the intravenous administration of epinephrine at a constant rate pro-
duces a rise in heart rate and systolic arterial pressure which is greater
after atropine has been administered than when epinephrine is given
alone (fig. 1 B). Five additional sets of observations were obtained
duplicating the conditions shown in figure 1 B with the exception that
scopolamine was used in place of atropine in doses of either 0.64 or
043 mg. Figure 5 is representative and illustrates that in these 5
patients scopolamine did not augment the effect of epinephrine on the
heart rate and arterial pressure. Of these 5 patients 2 were thyrotoxic
and 3 were controls. Figure 5 shows the observations on one of the
thyrotoxic patients. In each case the patient complained of dryness of
the mouth and 4 of the 5 patients became distinetly somnolent.

A second type of experiment to test quantitative differences in the
response of heart rate and arterial pressure was devised. After con-
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Fio. 5. Effect of epinephrine intravenously before and after polami At 1, epineph
rine bydrochloride, 1: 200,000, was introduced intravenously at the rate of 0.0063 mg. per
minute, This was stopped at 2. At 3, 0.64 mg. of scopolamine w: dmini d sub
ouly and from 4 to 5 the same epinephri lation was
the period from 1 to 2. Compare with figure 1 B.
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trol levels had been obtained, epinephrine was administered intra-
venously at a constant rate. At the end of fifteen minutes, 0.43 mg.
of atropine or scopolamine was rapidly administered intravenously
in the opposite arm while the epinephrine drip was continued and was
maintained for an additional fiftcen minutes. The following day the
same procedure was repeated on that patient at the same hour using
the same set and dripper for the epinephrine and the same syringe
and needle for the administration of the atropine or scopolamine. Six
such sets of dual observations were obtained. In four the observations
using atropine came first and in two the observations using scopolamine
came first.

Figure 6 demonstrates the type of data obtained. In 4 of the 6
patients the effect of atropine on the pulse rate was greater than that
of scopolamine; in the other 2 the effects of both drugs were equal. In
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Fia. 6. Effcct of atropine and scopolamine given during intravenous administration of
pinephri At 1, cpinephrine hydrochloride, 1: 200,000, was introduced intravenously at 8
rate of 0.0063 mg. per minute. At 2 A in 1, 0.43 mg. of atropine was administered intra-
venously in one minute. At 2 A in II, 0.43 mg. scopolamine was given intr ly in one
minute. At 3, the epinephrine drip was stopped. Observations 1 and IT were twenty-four

hours apart.
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EFFecT oF ATROPINE AND SCOPOLAMINE 493

three of the six experiments, the effect of atropine on the systolic
arterial pressure was greater than that of scopolamine; in the remain-
ing three, effects were equal. In no case was the effect of scopolamine
greater than that of atropine on either the heart rate or blood pressure.

Discussion

The avoidance of tachycardia and hypertension even for brief
periods is desirable in the patient whose heart has borne the brunt of a
greatly inereased metabolie load. It is suspected that auricular fibril-
lation is more likely to ocecur at higher heart rates. Similarly, it is
thought likely that pulmonary congestion or frank pulmonary edema
is preceded by periods of elevated arterial pressure in hypertensive
and thyrotoxic patients.

Of even greater importance is the fact that the heart rate and blood
pressure are the main indices of the thyrotoxic patient’s condition
preceding and during a surgical procedure. It is well known that the
effector organs of the sympathetic nervous system are highly sensi-
tized to the action of epinephrine in hyperthyroidism (1, 4-8, 10, 11).
We believe, therefore, that it is unwise to administer any agent which
will enhance the effeet of epinephrine, whether it be by direct syner-
gistic activity or by diminishing the effectiveness of those influences
that buffer the epinephrine response. This is especially true at times
when it is likely that the patient will secrete epinephrine, such as dur-
ing the apprehension engendered in the thyrotoxic patient in the im-
mediate preoperative period.

It may be of some clinical significance that scopolamine augments
the response to epinephrine less often and to a lesser extent than
atropine does. This confirms, in part, the pharmacologic opinion that
scopolamine influences vagal activity on the heart less than atropine
(9). It also confirms the purely clinical impression that thyrotoxic
patients are less likely to overreact when scopolamine is used as pre-
medication than when atropine is so used.

It is to be noted that no great discrepancy in the response of the
heart rate and arterial pressure to epinephrine has heen demonstrated
between thyrotoxie and normal patients, although in general there was
a slightly greater response in the former. This is due in part to the
fact that the resting levels of both the systolic pressure and the heart
rate initially were higher in the thyrotoxic group, so that homeostatic
pressor mechanisms were brought to bear more forcefully in normal
patients. Data calculated to demonstrate an alteration in the sen-
sitivity to epinephrine attributable to hyperthyroidism would have to
be collected in the same patients as they progressed from a toxic to
anormal state or vice versa.

It would seem then that, in comparable doses, the difference between
the influence of scopolamine and atropine is signifieant. If it is thought
that a drying agent is essential as premedication in the thyrotoxic
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putient, on the basis of the data presented above, scopolamine appears
to be the drug of choice.

Sumstary axp CoONCLUSIONS

The preliminary injection of atropine sulfate, in doses commonly
used clinically as preoperative medication, augments the effect of sub-
sequently administered epinephrine hydrochloride. This is true of the
thyrotoxic as well as the normal patient.

" The augmented effect is evidenced by a higher and more prolonged
rise in pulse rate and systolic blood pressure, and by an increase in the
subjective distress and muscular tremor in the thyrotoxie patient.

The effect is independent of the route of administration used for
cither drug.

Inasmuch as the pulse rate and blood pressure are important criteria
in evaluating the operative course of thyrotoxic patients, it seems un-
wise to distort these values by the administration of atropine.

Scopolamine may produce the same type of augmentation but in our
series did so less often and to a smaller degree. It has the additional
advantage of being effective as a drying agent in smaller doses.
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