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The widespread consumption of nicotine
contained in tobacco smoke and the correla-
tion of smoking with adverse effects on vascu-
lar diseases (1) have resulted in many inves-
tigations of the cardiovascular effects of nic-
otine. These were recently summarized by
Whelan (2). Roth et al. (3) administered 2
mg of nicotine intravenously to humans and
observed an increase in blood pressure and
heart rate. Roth and Shik (4) found that
skin vessel constriction produced by cigarette
smoking was abolished by sympathectomy
of the extremity and they postulated that this
effect was due to nervous reflex activity.
Fewings et al. (5) utilized occlusive venous
plethysmography in human subjects to show
that intra-arterial injection of nicotine pro-
duced a profound and persistent vasodilation
in both skin and skeletal muscle. Albertini e?
al. (6) reported an initial constriction fol-
lowed by a profound vasodilation in the rat
mesentery for intravenous administration of
0.5 mg/kg of nicotine.

These various studies present conflicting
data for the effects of nicotine upon the
peripheral vasculature. Some conflict may
arise from comparison of observations on
unanesthetized humans to those of anes-
thetized animals. In addition, contradictions
may result because interpretations of micro-
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circulatory responses were based upon the
indirect measurement of microcirculatory
variables. The present communication reports
the effects of intraperitoneal administration
of nicotine on subcutaneous minute arteries
and veins which were direcily observed in the
wing of the unanesthetized bat.

Materials and Methods. To allow selection
of an appropriate nicotine dose for the vascu-
lar studies, the toxicity of nicotine was deter-
mined in the bat (Myotis lucifugus). Nico-
tine in normal saline was administered intra-
peritoneally to bats at five dose levels with
24.1 mg/kg of body weight as the lowest
dose. Each of the higher doses was taken as
1.2 times the next lower dose. With equal
numbers of males and females at each dose
level, the LDs, value for a 24-hr period was
determined by the method of Weil (7).

Vascular studies were conducted on the bat
preparation described by Nicoll and Webb
(8) which was recently modified by Harris et
al. (9). An unanesthetized bat was placed
on his back with both wings held in an ex-
tended position over a glass plate by spring
clips. The plate was placed on the stage of a
binocular microscope and a microscopic field
was illuminated by a 300-W zirconium arc
lamp. The light was collected by an objective
lens (10X) and divided into two com-
ponents by a beam splitter. Approximately
90% of the collected light passed through a
focusing lens (10)X) to an Ampex television
camera. The resulting video signal was
presented for analysis as a picture at 10003<
total magnification on an Ampex television
monitor.

Minute artery (approx 30 p) and vein (ap-
proximately 70 p) diameters were determined
at 30-sec intervals by marking and measur-
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ing the vessel walls on a previously calibrated
television monitor screen. Minute vein vaso-
motion (the number of contractions per
minute) was counted for successive 1-min
intervals. Electrodes on the legs (held in
place with collodion) provided an ECG sig-
nal which was amplified and recorded on a
Sanborn Polygraph. Heart rate was calcu-
lated from 6-sec recordings which were taken
every 5 min. Rectal temperature was mea-
sured with a bead thermistor, while room
temperature was kept between 25-30°.

The experimental protocol for each experi-
ment consisted of a 10-min control period, an
intraperitoneal injection of nicotine in saline
(or a saline blank), and a 50-min postinjec-
tion observational period. All solutions, in-
cluding those used in the LDjo study, were
prepared in appropriate concentrations so
that a standardized volume of 10 p liters/g of
body weight was injected.

The animals were divided into four experi-
mental groups, with one experiment per-
formed on each animal. The first group (6
animals) with an intact sympathetic nervous
system received a saline blank injection. The
second group (4 animals) also received a
saline blank injection; however, the observed
vessels had undergone sympathetic denerva-
tion 6 or 7 days prior to data collection.
Denervation was accomplished under local
procaine anesthesia in the axillary region by
surgically removing a 2-3 mm section of the
tegmental nerve. In all denervation studies,
vessels with approximately the same anatomi-
cal location in the wing as those used in the
innervation studies were selected for observa-
tion. The third group (4 animals) with an
intact sympathetic nervous system was in-
jected intraperitoneally with a nicotine—saline
solution at a dose of 20 mg of nicotine/kg of
body weight. The fourth experimental group
(4 animals) with sympathetic vascular dener-
vation, as described for group two, also re-
ceived 20 mg of nicotine/kg of body weight
intraperitoneally. The 20 mg/kg dose was
selected since the toxicity study indicated
that this was approximately one half the
LDj5, value.

Raw data for each variable in each experi-
ment were “smoothed” and ‘“normalized.”
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“Smoothing” was accomplished by a five-
point digital computer filter in which each
raw data value, X (N), was converted to a
smoothed data value Xg(NV), by the follow-
ing formula:

X(N—2) X(N—1

X () = (16 ) (4 )
3X(N)  X(N+1) & X(N+42)
8 4 16

As an example for minute artery diameter,
which was measured at 0.5-min intervals, the
smoothed value at 30 min was calculated as:

X (29 min) X (29.5 min)
X5 (at 30 min) = -
16 4
3X (30 min) X (30.5min) X (31min)
8 4 16

Smoothing data in this manner reduces ran-
dom errors which may be introduced by sam-
pling a variable which is changing continu-
ously. “Normalization” was achieved for each
variable by calculation of the average value
during the 10-min control period for each
experiment. All data for each variable in each
experiment was then divided by this average
control value to convert the smoothed data
to percentages. The normalized data for each
variable in all experiments were averaged at
each point in time to obtain the data which
are presented graphically in this communica-
tion.

Results. The LDy, for the mixed popula-
tion (raw data presented in Table I) was
39.7 mg/kg of body weight with 95% confi-
dence limits of 33.1-47.7 mg/kg. At dose
levels well below the LDjq, nicotine appeared
to depress the normal activity of the bat.

TABLE I. Summary of Acute Intraperitoneal
Toxicity (24 hr) of Nicotine in Bats.

Doses (mg/kg) Deaths
50 5/6
41.6 3/6
34.8 2/6
28.9 1/6
24.1 0/6




MICROCIRCULATORY EFFECTS OF NICOTINE

Climbing ability was impaired with the ani-
mals remaining quiet on the floor of the cage.
Even at low doses, ability to fly was im-
paired. Administration of nicotine at a dose
near or above the LDy, dose resulted in
marked stimulation. Within several minutes,
the bat was tremulous with an apparent in-
crease in respiration. In most instances, death
appeared to follow a convulsion during
which the bat became rigid with hind leg
extension.
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F1c. 1. Mean responses of minute blood vessels for
6 bats with intact wing innervation which were in-
jected with normal saline. The abscissa is time in
minutes with 0 and 10 min corresponding to the start
of the control and postinjection periods, respectively.
Each ordinate (small artery diameter, small vein dia-
meter, and small vein vasomotor frequency) is ex-
pressed as a percentage of the control period. Vertical
lines represent standard errors at 5, 20, 35, and 50
min,

The average wvascular responses are
presented in Fig. 1-4 as previously described
under “Methods.” The times 5, 20, 35, and
50 min were arbitrarily selected for calcula-
tion of standard errors.

Figures 1 and 2 give data for group 1
(innervated vessels receiving saline) and
group 2 (denervated vessels receiving saline)
respectively. Neither group showed signifi-
cant changes in minute artery and vein dia-
meters nor in minute vein vasomotion.
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Fic. 2. Mean responses of minute blood vessels for

4 bats with prior sympathetic denervation which were

injected with normal saline. The ordinate, abscissa,

and vertical lines are the same as those for Fig. 1.
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F16. 3. Mean responses of minute blood vessels for
4 bats with intact sympathetic wing innervation which
were administered nicotine intraperitoneally (20
mg/kg of body wt) at the 10-min mark. The ordi-
nate, abscissa, and vertical lines are the same as those
in Fig. 1,
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F1c. 4. Mean responses of minute blood vessels for

4 bats with prior sympathetic denervation which were

administered nicotine intraperitoneally (20 mg/kg

of body wt) at the 10-min mark. The ordinate,

abscissa, and vertical lines are the same as those in

Fig. 1.

Figure 3 represents the averaged responses:

for group 3 (innervated vessels receiving nic-
otine). Within 5 min after nicotine injec-
tion, minute artery diameter increased ap-
proximately 30% above control level and re-
mained dilated throughout the experimental
period. Minute vein diameter increased about
10% for the last 40 min of the experimental
period. Minute vein vasomotion sharply de-
creased about 409% immediately upon injec-
tion with nicotine, but after 25 min it almost
returned to the control level.

Data for group 4 (denervated vessels re-
ceiving nicotine) are shown in Fig. 4. In
contrast to that for the innervated series,
minute artery diameter decreased 30% 3-4
min after injection and then 10 min later it
tended to fluctuate about the mean control
diameter. Minute vein diameter decreased
about 15% with 5% fluctuations around this
value. Within 5 min following nicotine injec-
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tion, minute vein vasomotion decreased ap-
proximately 60% and then slowly returned to
approximately 80% of the control value with-
in 20 min after injection. Vasomotion re-
mained at this level for the remaining 30 min
of the experimental period.

Table IT contains normalized heart rate
data for the control (Groups 1 and 2) and
nicotine (Groups 3 and 4) experiments. In
the control experiments heart rate demon-
strated variability but there was no systemat-
ic change over the entire protocol period. A
tachycardia occurred immediately after the
injection of nicotine and it persisted through-
out the experiment. A paired ¢ test was not
significant for the change in heart rate at 15,
35, 60 min in comparison to the end of the
control period. However, three of the eight
animals had an average control heart rate of
470, 580, and 640 beats/min which was
greater than the 95%  confidence limits for
resting heart rate in the bat (282 = 155).
During the control period, these three ani-
mals appeared to be in a state of tachycardia
and did not give an exaggerated tachycardia
after administration of nicotine.

Discussion. In Table II1, the intraperitone-
al LDjo of nicotine in bats is compared to
those reported for other species. The LDsq of
nicotine in the bat is higher than that re-
ported for the mouse, rat, and rabbit.

Orcutt et al. (12) described eight stages of
the central nervous system effects of nicotine
when administered intravenously to the rat:
1. prostration; 2. fine tremor; 3. clonus; 4.
clonic convulsions; 5. opisthotonos; 6. tonic
flexion; 7. tonic extension; and 8. death (by
respiratory paralysis). In general our obser-
vations of the effects of nicotine on the bat
are consistent with several of the stages de-
scribed by Orcutt. Because of the wide varia-

TABLE III, Intraperitoneal Toxicity of Nicotine
to Various Species.

Species LDs (mg/kg) Ref.
Bat 39.7¢ Present study
Mouse 10.3 (10)
Rat 30 (11)
Rabbit 14 (10)

“33.1-47.7 mg/kg (95% confidence limits).
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bility in toxicity and capabilities of various
species to eliminate nicotine (13), the signifi-
cance of the lower toxicity of nicotine to the
bat is unknown. It is possible that bats have
a high metabolic rate which allows very rapid
elimination of nicotine and thus reduces its
toxicity.

Nicotine caused a striking increase in the
diameter of innervated minute arteries and a
modest increase in minute vein diameter. If
these responses were also present in other
corresponding segments of the wing vascula-
ture, an overall decrease in skin peripheral
resistance would have occurred as expected
from the indirect measurements of Fewings et
al. (5). Fewings et al. (5) noted that vasodi-
lation took place in the sympathectomized
limb, and concluded that wvasodilation re-
sulted from the direct action of nicotine on
the vasculature. However, our studies indi-
cate that sympathetically denervated minute
arteries responded to nicotine with a tran-
sient constriction followed by little change
from control values for the remainder of the
experimental period. In the innervated wings,
minute veins responded to nicotine with vaso-
dilatation which accompanied a brief de-
pression in minute vein vasomotion. In con-
trast to this, the minute vein response for the
denervated series consisted of vasoconstric-
tion which was also accompanied by a de-
pression in minute vein vasomotion. These
data suggest that nicotine may produce vaso-
constriction by direct action on the peripher-
al vasculature and that minute vein dilata-
tion for nicotine may have been mediated via
the sympathetic system. However, we cannot
presently exclude the possibility that a pas-
sive dilation of the minute vein occurs for the
innervated series because minute artery dila-
tation may have increased minute vein pres-
sure and flow. The vasomotion responses were
similar in both the innervated and dener-
vated series with an apparent enhancement of
the response for sympathetic denervation, thus
the vasomotion response also supports the con-
cept of a direct action of nicotine. This con-
cept is further supported by a series of experi-
ments by Nicoll (14) in which he subjected
bats to cigarette smoke and noted an initial in-
crease in the contraction phase of noninner-
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vated terminal arterioles. It is significant that
in the denervated series, a depression in mi-
nute vein vasomotion was associated with mi-
nute vein constriction since previous investi-
gations of vascular responses to ethanol (9)
and also to hemorrhagic hypotension by Har-
ris et al. (submitted for publication) have
usually associated a decrease in vasomotion
with an increase in minute vein diameter.
Therefore, our data suggests that minute vein
vasomotion can be manipulated independently
of minute vein diameter.

Characteristically, nicotine given in-
travenously to experimental animals produces
an initial  bradycardia followed Dby

tachycardia (15, 16). Similar responses have

also been reported for inhalation of cigarette
smoke (17). In our work, neither series of
experimental animals demonstrated a de-
creased heart rate. It is possible that a tran-
sient bradycardia may have occurred but was
missed because heart rate was only recorded
at 5-min intervals.

As summarized by Larson and Silvette
(18), the current concept holds that nicotine
induces tachycardia by release of catechola-
mines from the adrenals or from sympathetic
endings including those in the heart. An evi-
dent and persistent tachycardia is consistent
with previous observations but does not allow
conclusions about the proposed mechanism.

Summary. The intraperitoneal toxicity of
nicotine was studied in bats (Myotis lucifu-
gus). The LDjo was 39.7 mg/kg (33.1-47.7
mg/kg; 95% confidence limits). Thus, nico-
tine appears to be less toxic to the bat than to
the mouse, rat, or rabbit.

Direct quantitative observations of vascu-
lar diameters in unanesthetized bats were
made with a microscope combined with a
closed circuit television system. The diameter
of innervated minute arteries markedly in-
creased with intraperitoneal nicotine adminis-
tration. Minute vein diameter slightly in-
creased while minute vein vasomotion slight-
ly decreased. Sympathetic denervation abol-
ished the increase in minute artery diameter
when nicotine was administered. However,
minute vein diameter decreased and was also
accompanied by decreased minute vein vaso-
motion. Nicotine caused an increase in
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heart rate which was not found to be signifi-
cant. These data suggest that nicotine may
produce vasoconstriction by direct action on
the peripheral vasculature, and that minute
vein dilatation may have been mediated via
the sympathetic system. However, we cannot
presently exclude the possibility that a pas-
sive dilation of the minute vein occurs for the
innervated series because minute artery dila-
tation may have increased minute vein pres-
sure and flow. Since a decrease in vasomotion
has usually been found to accompany an
increase in minute vein diameter, our data
suggests that minute vein diameter and
vasomotion can be manipulated independently.
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