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Central nicotinic stimulation
reduces vascular
conductance in the gingiva
In anesthetized rats

Nakamura T, Ono K, Honda E, Yokota M, Inenaga K. Central nicotinic stimulation
reduces vascular conductance in the gingiva in anesthetized rats. J Periodont Res
2005, 40: 67-72. © Blackwell Munksgaard 2004

Objective: The central effects of nicotine on gingival blood flow and vascular
conductance were investigated.

Background: Nicotine is absorbed in cigarette smoking, which is a risk factor for
periodontal disease. Although studies have shown peripheral effects of nicotine
on gingival blood flow and gingival vascular conductance, little is known about
its central effects.

Methods: We used laser Doppler flow measurements to investigate the changes
of gingival blood flow produced by 5 min intracerebroventricular (i.c.v.) injection
of (—)-nicotine ditartrate in rats anesthetized by urethane and a-chloralose,

along with occasional measurements of the blood pressure from the femoral artery.

Results: The i.c.v. injection of nicotine at 15, 50, and 150 pg reduced the gingival
blood flow significantly, compared with saline. The maximal reduction was
dose-dependent. Next, we measured the blood pressure and gingival blood flow in
the i.c.v. injection of nicotine at 50 pg, to calculate the gingival vascular con-
ductance. The blood pressure was reduced, along with the change of gingival
blood flow immediately after the injection, whereas the gingival vascular
conductance fell with a time-lag.

Conclusion: These results suggest that the reduction of gingival blood flow
by central nicotinic stimulation is accompanied in part by a change of vascular
tonus in the gingiva.
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Cigarette smoking is a known risk
factor for periodontal disease (1-3), as
well as for lung cancer and cardio-
vascular disease. Several studies have
suggested some putative periodonto-
pathic influences of smoking, for
example, morphological changes of
the blood vessels (4, 5), the dysfunc-
tion of oxygen sufficiency (6), and
changes of the immune system (7, 8)
in the gingiva.

The data on possible changes of
gingival blood flow, from the results of

human and animal experiments, are
contradictory. In smokers, gingival
blood flow is significantly increased by
cigarette smoking (9). However, intra-
venous administration of nicotine
reduces the marginal temperature of a
gingival site in the anesthetized rabbit,
suggesting a decrease in gingival blood
flow (10, 11). In other studies, the
vascular conductance of the calf and
the blood flow of forearm skin in
smokers decreased after cigarette
smoking (12, 13).

Nicotine in the plasma after cigarette
smoking effects not only the peripheral
organs quickly, but also the brain.
Subcutaneous  nicotine  injection
increases expression of c¢-fos in the
hypothalamus, suggesting that periph-
eral nicotine administration stimulates
the central nervous system (14).
Recently, we reported that some of the
neurons in the subfornical organ, which
has efferent connections to the hypo-
thalamus, were activated by nicotine
(15). However, it is unclear whether
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central nicotinic stimulation changes
gingival blood flow and gingival vascu-
lar conductance.

In this study, the gingival blood flow
and blood pressure were measured in
anesthetized rats after intracerebro-
ventricular (i.c.v.) injection of nicotine,
and the changes of the gingival vascu-
lar conductance were evaluated.

Material and methods

Animals

The experiments were conducted on
male Wistar rats weighting 350450 g.
All were individually housed in plastic
cages in a temperature- and humidity-
controlled room under regular light/
dark conditions (light on from 8.00 am
to 8.00 pm). All were maintained on
water and pellets ad libitum. The
experimental procedures were approved
by the animal experiment committee of
Kyushu Dental College.

Cannulation procedure

A 24-gauge stainless-steel guide can-
nula for i.c.v. injection of drugs was
implanted in the lateral cerebral vent-
ricle of each rat under sodium pento-
barbital anesthesia (60 mg/kg of body
weight, 1.p.), as described in our pre-
vious study (16). A stainless steel guide
cannula was implanted into the lateral
cerebral ventricle 0.8 mm caudal to the
bregma, 1.4 mm to the right lateral
side to midline, and 2.5 mm below the
dura matter. The cannula was fixed to
the cranium by means of dental resin
and screws.

Drug application

Drugs were purchased from the
following pharmaceutical companies:
(-)-nicotine ditartrate (described as
‘nicotine’ in this report) from Research
Biochemicals International (Natick,
MA, USA) and hexamethonium
chloride from Sigma (St. Louis, MO,
USA). Nicotine and hexamethonium
were dissolved in isotonic saline. Iso-
tonic saline was used as the control.
The concentrations of nicotine were
Spg, 15pg, 50 pg, and 150 pg
per 20 pl. Hexamethonium chloride

(100 ng) was mixed with 50 pg nico-
tine. A microinfusion pump (Micro-
processor-Controlled Syringe Pump,
Stoelting Co., Wood Dale, 1L, USA)
was used for the i.c.v. injection at the
rate of 4 pl/min for 5 min.

Gingival blood flow and blood
pressure measurement

At least 3 days after the cannulation
procedure, rats were anesthetized with a
mixture of urethane (800 mg/kg, i.p.)
and a-chloralose (70 mg/kg, i.p.) by in-
traperitoneal injection. Rectal tem-
perature was monitored and body
temperature was maintained at 37 +
0.2°C by using a heating pad. All data
were collected after 0.5-1 h from the
injection of the anesthetics. We meas-
ured gingival blood flow in the anes-
thetized rats with a laser Doppler
flowmeter (LDF; BRC, BRL-100,
Nagoya, Japan). To set the LDF probe
vertically on the gingival site behind the
incisors without, as much as possible,
exerting any pressure on the tissue, rats
were placed on their back in a stereo-
taxic frame with ear bars. Further, the
upper jaw was placed on a home-made
frame and the lower jaw pulled with a
string, to keep the mouth open and to
insert and set the LDF probe. For better
presentation of gingival blood flow
change, we chose to use the averaged
values every 1 min. But, they did not
always indicate the maximal. Therefore,
the average values for 10 s in the max-
imal response of gingival blood flow
were used to indicate the peak. To
measure blood pressure, rats were pre-
pared surgically with an indwelling
catheter that was filled with heparin
(10 U/ml) in saline via the right femoral
artery. The catheter was connected to a
pressure-transducer (Nihon Kohden,
Tokyo, Japan).

Data analysis

Gingival blood flow, blood pressure,
and body temperature were monitored
continuously and stored by a Power-
Lab system (PowerLab AD Instru-
ments, Castle Hill, NSW, Australia).
We analyzed gingival blood flow and/
or blood pressure for a period
of 30 min (5 min before the i.c.v.

injection, 5 min during the injection,
and 20 min afterwards). The LDF
values represent the blood flow of the
superficial vessels in tissue by means of
Doppler effects against moving blood
cells. The values are, by nature, in
arbitrary units. The changes of the
gingival blood flow were expressed as
percentage changes every 1 min vs. the
averaged values of the gingival blood
flow for 5 min before the i.c.v. injec-
tion. The one exception was that the
maximal responses of the gingival
blood flow were expressed as the per-
centage changes for 10 s. The change
of gingival vascular conductance was
calculated as follows:

change of GVC(%)
B GVC

" GVC(control) .
B GBF BP

N (GBF(control)/BP(control))
x 100,

100

where GVC is gingival blood flow,
GBEF is gingival vascular conductance,
and BP is blood pressure. GVC (con-
trol), GBF (control), and BP (control)
indicate the average of GVC, GBF,
and BP, respectively, for 5 min before
i.c.v. injection.

The differences between the control
and nicotine injection groups were
evaluated using two-way ANOVA and
the Bonferroni post-test for the whole-
experimental period. Further, the gin-
gival blood flow values in the maximal
response were analyzed statistically by
t-test. Differences were considered sig-
nificant at the level p < 0.05. For the
statistical analyses and the graphs,
Graph Pad Prism version 3.03
(GraphPad Software, Inc, San Diego,
CA, USA) was used. All values are
expressed as the mean + SEM.

Results

The time courses of the percentage
changes of gingival blood flow follow-
ing the i.c.v. injection of nicotine at 5,
15, 50, and 150 pg, and saline (n = 6, in
all cases) are shown in Fig. 1(A). Al-
though the gingival blood flow was
obviously reduced by the i.c.v. injection
of 5 ug nicotine (n = 4/6), the differ-
ence, compared with saline by two-way
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Fig. 1. The changes of gingival blood flow (GBF) produced by intracerebroventricular
(i.c.v.) injection of nicotine. The error bars indicate SEM. (A) Time courses of the effects of
the i.c.v. injection of nicotine on the gingival blood flow. The changes of gingival blood flow
are indicated as the change of percentage in each 1 min vs. the 5 min values in mean arbitrary
units before i.c.v. injection of nicotine. Saline, n = 6; nicotine: 5 ug, n = 4; 15 pg, n = 6;
50 pg, n = 6; 150 pg, n = 6. (B) Maximal reductions of the changes of gingival blood flow
(GBF) after the i.c.v. injection of nicotine. The responses were dose-dependent. Numbers on
the bar graph indicate the concentrations. **p < 0.001 by ¢-test, compared with saline.

ANOVA, was not significant. The gin-
gival blood flow was significantly
reduced by 15, 50, and 150 pg nicotine
(p < 0.05 at 15 pg, p < 0.0001 at 50
and 150 ug, by two-way ANOVA)
(Fig. 1A). Further, there were signifi-
cant decreases of gingival blood flow
from 2 min to 9 min at 50 ug and from
2 min to 11 min at 150 pg (by Bonfer-
roni post-test).

The values of the percentage changes
of gingival blood flow every 1 min
(Fig. 1A) did not always indicate the
maximal responses. The percentage
changes in the maximal response of
gingival blood flow over 10-s periods
showed better the peak values of the
response. The maximal reductions of
gingival blood flow after 5, 15, 50, and
150 pg nicotine and saline are shown in

Fig. 1(B). The gingival blood flows were
reduced significantly by 25.8 + 3.7%
at 15 ng, 44.1 £ 4.6% at 50 pg, and
53.7 £ 5.4%at 150 pg(p < 0.0001, by
t-test, compared with saline).

The gingival blood flow and blood
pressure were measured in other rats to
evaluate the changes of vascular con-
ductance. The mean blood pressure
in anesthetized rats was 79.5 £
4.4 mmHg (n = 16) before the i.c.v.
injection. The typical responses of
gingival blood flow and blood pressure
at 50 pg are shown in Fig. 2(A). The
gingival blood flow and blood pressure
were  decreased  significantly by
41.6 £ 6.5% and 39.0 = 3.7% by the
i.c.v. injection of nicotine at 50 pg
(n = 5), compared with saline (15.4 +
52% in gingival blood flow and
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5.9 + 3.2% in blood pressure, n = 6).
The values of the maximum reductions
and the time courses of gingival blood
flow in Fig. 3(A) were similar to those
in the measurements of gingival blood
flow only, seen in Fig. 1(A) (at 50 pg
nicotine). The gingival vascular con-
ductance calculated from the gingival
blood flow and blood pressure was
significantly decreased from 4 to 9 min
(by Bonferroni post-test, Fig. 3B). The
reduction began after a slight delay
from those of blood pressure and gin-
gival blood flow.

The effects of the selective nicotinic
receptor antagonist hexamethonium
100 ug on the changes in gingival
blood flow and blood pressure by the
application of nicotine 50 pg (n = 5)
were also examined. The maximal
reductions of gingival blood flow
(14.6 £ 6.1%) and blood pressure
(6.9 £ 6.3%) by the two drugs were
significantly less (p < 0.01, by ¢-test,
Fig. 2B), compared with that produced
by the i.c.v. injection of nicotine only.

Discussion

In this study, we found a reduction of
gingival blood flow and blood pressure
by the i.c.v. injection of nicotine and a
slightly delayed reduction of gingival
vascular conductance after the injec-
tion. As after i.c.v. injection nicotine
diffuses slowly in the brain, the differ-
ent nuclei may be activated after var-
ious time delays. A study has reported
that when a hypertonic saline was
injected into the ventricle of the brain,
the concentration in the parenchyma of
the brain lately and slowly changed,
compared with the i.c.v. concentration,
and has suggested that this regional
difference of the NaCl concentration in
the brain reflects the long-lasting blood
pressure response (17). According to
this concept, we think that i.c.v.-injec-
ted nicotine slowly diffuses in the brain
and affects the different nuclei in a
similar manner to NaCl. The early
cardiovascular responses might begin
with the parallel reduction of both
blood pressure and vascular tonus,
followed by the vasoconstriction or
resistant dilatation of blood vessel.
Nicotine levels in the plasma during
cigarette smoking increase up to
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Fig. 2. The changes of gingival blood flow and blood pressure produced by the intracere-

broventricular (i.c.v.) injection of nicotine and the effects of hexamethonium. (A) The typical

responses of gingival blood flow (a) and blood pressure (b) at 50 pg nicotine. (B) Maximal
reductions of the changes of gingival blood flow (GBF) and blood pressure (BP) following
application of 50 pg nicotine and 100 pg hexamethonium (Hex) after the i.c.v. injection of
nicotine. The error bars indicate SEM. *p < 0.01 and **p < 0.001 by z-test, compared with
saline. +p < 0.0l and + +p < 0.001 by r-test, compared with 50 pg nicotine only.

approximately 0.5 pM (18). We have
recently reported that neurons in the
subfornical organ, which lack the
blood-brain barrier, are excited by
1 uM  nicotine (15). In the present
study, significant responses by nicotine
injection in gingival blood flow were
obtained at 15 pg/20 pl. In other
words, the numerical concentration
was 75 um. Just after the i.c.v. injec-
tion, nicotine rapidly diffused in the
ventricle and might be diluted 20 times
[the concentration was estimated
according to a previous study (17)].
But, even when diluted, the concen-
tration was still several times higher
than mentioned above. Meanwhile, the
nicotine concentration would be fur-
ther diluted in the parenchyma of the
brain, in which nicotine affected. In the
present study, anaesthetized animals

were used. Under the anesthesia, the
central nervous system should be
suppressed. Therefore, to observe sig-
nificant responses, relatively higher
concentration would be needed.

The subfornical organ connects to
the paraventricular and the supraoptic
nuclei that control the autonomic ner-
vous system and secrete vasopressin.
The number of c-fos immunopositive
neurons in the hypothalamic nuclei
increases after subcutaneous nicotine
injection (14). These results suggest
that the systemic administration of
nicotine stimulates the central nervous
system as well as the peripheral organs.
Further, it has been demonstrated that
intravenous administration of nicotine
in rabbits decreases gingival blood flow
(10, 11). Taken together, it is reason-
able to consider that the reduction of

gingival blood flow by the intravenous
administration of nicotine is due to
actions not only on the peripheral
regions, but also on the central nervous
system.

Central nicotinic stimulation induces
vasopressin release from the hypotha-
lamus into the plasma (19). Similarly,
smoking increases the plasma vaso-
pressin  concentration  (12). The
increased level of vasopressin contracts
the blood vessels and possibly reduces
the blood flow. A study has reported
that the reduction in skin blood flow
after smoking is suppressed by the
administration of vasopressin anta-
gonist (13). Thus, there is the possibil-
ity that the reduction of gingival
vascular conductance in this study was
induced by vasopressin in the plasma.

The present study shows the reduc-
tion of blood pressure by the i.c.v.
injection of nicotine. This is consistent
with the observations that blood pres-
sure in chloralose-anesthetized cats
was decreased the i.c.v. injection of
nicotine (20). However, it is inconsis-
tent with observations that blood
pressure in urethane-anesthetized rab-
bits was raised by intravenous injection
of nicotine (10, 11). In conscious rats,
the blood pressure was raised by i.c.v.
injection of nicotine (21). We think
that the most important difference
between these studies is whether
experiments were accomplished under
conscious conditions, and the kinds of
anesthetics that were used. As we used
chloralose together with urethane,
we could obtain similar depressor
responses by the i.c.v. injection of
nicotine to those in chloralose-anes-
thetized cats. However, we have no
clear explanation on these differences.

The vascular resistance is a physical
variable to show obstruction of blood
flow in the vessel. It is changed by the
cross section of blood vessel and the
blood viscosity. In the present study, it
is considered that the reduction of
gingival vascular conductance was due
to the constriction of peripheral
arteriole, because the gingival vascular
conductance change was transient. In
smokers, gingival blood vessels tend to
show stenosis and their numbers
decrease (4, 5). In rats chronically
nicotine-medicated for 2 weeks, the
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Fig. 3. (A) Time courses of the effects produced by the intracerebroventricular (i.c.v.)
injection of 50 pg nicotine on gingival blood flow (GBF) and blood pressure (BP). The error
bars indicate SEM. *p < 0.01 and **p < 0.001 by Bonferroni post-test following two-way
AVOVA, compared with saline. (B) Time courses of the changes of gingival vascular con-
ductance (GVC) at 50 pg nicotine and saline. The error bars indicate SEM. **p < 0.001 by
Bonferroni post-test following two-way ANOVA, compared with saline. Notice that
although the blood pressure and gingival blood flow were reduced immediately after nicotine

injection, the gingival vascular conductance was decreased with a certain time-lag.

widths of gingival blood vessels de-
crease (22). A similar chronic reduction
by smoking of gingival blood flow
would be elicited by a long-term up-
take of nicotine in humans. Clinically,
it is well known that bleeding in pro-
bing, gingival exudates and redness
and swelling in gingival sites of smok-
ers are less than in non-smokers (23—
25). These phenomena are tightly
related to blood circulation in the gin-
gival site. We think that chronic
application of nicotine elicits constric-
tion of the blood vessels, by acting
both centrally and peripherally, and
that gingival blood flow is continu-
ously reduced in smokers. On the other
hand, the controversial effects of smo-
king on gingival blood flow in human

smokers, such as a temporary increase
of gingival blood flow after cigarette
smoking, has been demonstrated (9).
The following observation may be of
some help in considering the mecha-
nisms underlying the two different re-
sponses. Parotid salivary secretion in
non-smokers decreases after smoking,
whereas it increases in smokers (26).
This suggests that there are differences
in parotid salivary secretion after
cigarette smoking between non-smok-
ers and smokers. Possibly, chronic
nicotine exposure may modify the re-
sponses to a nicotinic application. In
the present study, we used rats un-
medicated by nicotine. The results
might be different in rats chronically
medicated by nicotine. To certify this,
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we will need another experiment about
the effects of intracerebroventricular
administration of nicotine on rats
chronically exposed by nicotine.

In conclusion, it is suggested that
nicotine taken up by smoking affects
the central nervous system and influ-
ences periodontal disease by changing
the tonus of the blood vessels in the
gingiva.
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