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Effect of iv. and id. cinnamaldehyde on plasma catecholamine concentration
along with intestinal absorption of the drug was studied in anesthetized dogs. Cinnamal-
dehyde increased plasma catecholamine concentration, the effect produced through i.d.
route (50—100 mg/kg) being dose-dependent and more lasting compared with that
through i.v. route (20 mg/kg). In the case of 200 mg/kg of i.d. cinnamaldehyde, an exceed-
ing increase in this parameter was obtained during the later period of time course. Intestinal
absorption of cinnamaldehyde id. administered, which was investigated through measure-
ment of cinnamaldehyde concentration in the portal venous blood and in blood of the
postcava, occurred very early and was long-lasting. Increase in plasma catecholamine con-
centration produced by iv. cinnamaldehyde disappeared after blood circulation through
the adrenal glands was stopped, and was not influenced with pretreatment of hexamethoni-
um plus atropine. Almost all the increased portion of plasma catecholamines by iv. or i.d.
cinnamaldehyde was epinephrine. It was concluded that cinnamaldehyde, entering the cir-
culatory system, reaches the adrenals and releases catecholamines from the organ through a
mechanism(s) independent of affecting the cholinergic system. i.v. DMPP which was used
as a referential drug also increased plasma catecholamine concentration.

Keywords —adrenal gland; adrenal gland ligation; catecholamine release; Chi-
nese cinnamon; cinnamaldehyde; DMPP; ganglion blocking; intestinal absorption; intradu-
odenal administration

INTRODUCTION

In the preceding paper, we reported that cin-
namaldehyde released catecholamines from the
isolated dog adrenal and also from the adrenals
in situ of anesthetized dogs by local i.a. applica-
tion. The purpose of the present report is to
study catecholamine releasing effect of cinna-
maldehyde applied iv. and intraduodenally
(id.) along with intestinal absorption of the
drug in dogs, since Chinese cinnamon which
contains cinnamaldehyde as a main component
has frequently been used in Chinese medicine.
Dimethylphenylpiperazinium, a nicotinic ago-
nist, was used as a reference drug.

EXPERIMENTAL
Method
1) Catecholamine Releasing Effect of Cinna-

maldehyde and Dimethylphenylpiperazinium (i.v.
Administration)—Mongrel dogs of either sex
weighing 7.5—17.5 kg were anesthetized with
35 mg/kg of sodium pentobarbital iv. or ip.
After intubation of the trachea, the right
common carotid artery and right cephalic vein
were cannulated for recording of blood pressure
and injection of drugs and the additional
anesthetic when necessary, respectively. Another
cannula filled with heparin solution (50 U/ml)
was inserted in the left femoral vein with the tip
at the xiphisternal level in the postcava for blood
collection. About 1 h after completion of the
surgical operation, when basal blood pressure
showed a constant level, 20 mg/kg of cinnamal-
dehyde was iv. administered. Blood was
sampled 8 min before, and 2, 10 or 20, and 30
min after the drug administration for determina-
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tion of blood catecholamine concentration. The
30-min value thus measured served as a basal
catecholamine concentration at the succeeding
experimental series of drug administration, since
it had returned to the basal level. One experi-
mental series was mostly composed of 3 blood
samplings, i.e., sampling before, and 2 and 20
min after the drug administration and 3 to 4 ex-
perimental series were successfully conducted.
In the case of i.v. administration of 30 ug/kg of
dimethylphenylpiperazinium (DMPP), blood
was sampled 9.5 min before, and 0.5, 10, and 20
min after the drug administration. The 20-min
value of catecholamine concentration also
served as a basal value of the succeeding experi-
mental series. Using a syringe which contained
04 ml of 5% sodium metabisulfite solution, 20
ml of blood were taken for 30 s, accompanied
with an infusion of the same volume of Ringer
solution. When necessary, ligation of the adren-
als and treatment with hexamethonium plus
atropine were performed. Blood pressure and
heart rate triggered from the puls wave were
tecorded by means of a pressure transducer
(Nihon Kohden, MPU-0.5) and a heart rate
meter (San-ei Sokki, 2140), respectively.

2) Catecholamine Releasing Effect of Cinna-
maldehyde (i.d. Administration)— Mongrel dogs
of either sex weighing 9—17.5 kg were fasted
with free access to water for 18 h and were sub-
jected to the same sutgical operation as in 1.
Then, the abdomen was opened and a cannula
for injecting a test solution was distally intro-
duced in the duodenum about 5 cm away from
the pylorus with maintenance of passage of gas-
tric contents. About 1 h after completion of the
surgical operation, blood was sampled (20 ml,
for 1 min) 30 and 15 min before i.d. administra-
tion of drugs. Again, blood was sampled at 1, 5,
10, 20, 30, 45, 60, 90, and 120 min in the case of
200 mg/kg of cinnamaldehyde, and at 20, 60,
120, 180, 240, 300, and 360 min in the case of 50
and 100 mg/kg of it, thereafter. The same
volume of Ringer solution was simultaneously
infused at each sampling.

3) Intestinal Absorption of Cinnamaldehyde in

M.Harada, etal.

Dogs— Mongrel dogs of either sex weighing
7—11.5 kg were used. Fasting and the surgical
operation were the same as in 2. The animal
preparation having a cannula filled with 0.7 ml
of heparin solution (50 U/ml) which was inserted
in the splenic vein with the tip in the portal vein
toward the liver instead of a cannula placed in
left femoral vein in 2 was also provided. About 1
h after the surgical operation, cinnamaldehyde
was administered. Blood was sampled (10 ml,
for 30 s) from the portal vein or the postcava at
1, 2,5, 10, 20, 30, 45, 60, 90, and 120 min (200
mg/kg, id.) or 05,1, 2,5, and 10 min (10 and
20 mg/kg, iv.) after the drug administration.
The same volume of Ringer solution was infused
at each sampling.

4) Ligation of the Adrenals— After comple-
tion of the surgical operation in 1, the abdomen
was opened. The bilateral adrenals were freed
from the surrounding tissues and a thread was
placed around the organ in order to stop the
adrenal circulation. Under temporal closure of
the opened abdomen with forceps, the drug ad-
ministration and succeeding blood collection
were made. Then, the adrenals were ligated and
the same series of the experimental procedure
were repeated with an intramuscular injection
of 5 mg/kg of corticosterone or 20 mg/kg of hy-
drocortisone suspended in 2% CMC solution.
Validity of adrenal ligation was confirmed
through observation of no bleeding from the
organ immediately after its dissection.

5) Ganglion Blocking— Monitoring blood
pressure, 5 mg/kg of hexamethonium was iv.
administered as an initial dose. Then, 10% as
much as dose as the initial one was consecutively
added until no further decrease in blood pressure
was observed. Next, an initial dose (1 mg/kg) of
atropine and, if necessary, succeeding doses (0.1
mg/kg each) of it were consecutively i.v. admin-
istered again till no further decrease in blood
pressure was observed.

6) Assay of Catecholamines— Extraction of
catecholamines from the samples and determina-
tion of their content were carried out with a
slight modification according to the methods of
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Shellenberger and Gordon? and Anton and
Sayre,® respectively. Results were expressed as
total catecholamines or epinephrine and norepi-
nephrine.

7) Determination of Cinnamaldehyde Concen-
tration in Blood— Ten ml of blood sample and 5
ml of benzene were placed in an ice-cold 50-ml
glass-stoppered centrifuge tube and cinnamal-
dehyde was extracted in the benzene under me-
chanical shaking for 10 min. Recovery ratio of
the drug from blood was 95.6+14% (N =4).
Concentration of cinnamaldehyde was deter-
mined by means of gas chromatography using /
-menthol (Wako) as an internal standard. A gas
chromatograph equipped with a hydrogen
flame ionization detector (Hitachi 163) and a
stainless column 1 m long and 3 mm internal
diameter was used. The column was packed
with 60/80 mesh Uniport B coated with 10%
SE-30. A flow rate of catrier gas (N) and hydro-
gen was 20 and 35 ml/min, respectively. The
column temperature was 110°C and the injection
part was kept at 160°C.

Statistics

All data were statistically analyzed using Stu-
dent’s ¢-test and expressed as mean *s.e.

Drugs

Drugs used were as follows; Atropine sulfate
(Wako), cinnamaldehyde (Wako), corticoster-
one (Sigma), DMPP (1,1-dimethyl-4-phenyl-
piperazinium iodide, Aldrich), dI-norepineph-
rine (Sankyo, for the pharmacological test), I-
norepinephrine bitartrate (Sigma, for norepi-
nephrine determination), hexamethonium bro-
mide (Yamanouchi), hydrocortisone 21-acetate
(Wako), and /-epinephrine bitartrate (Sigma).
Doses of drugs refer to those of the salt in the
case where drugs were described as a salt form.

RESULTS
1) Catecholamine Releasing Effect of Cinnamal-
dehyde and Dimethyphenylpiperazinium (i.v. Ad-
ministration)

Results are summarized in Table 1. Total cate-
cholamine concentration approx. doubled 2 min
after administration of cinnamaldehyde, reach-
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ing a maximal level, and returned to the basal
level in approx. 20 min. As shown in Fig. 1,
magnitude of increase in 2 min was almost equal
through 4 series repeated. Almost all the in-
creased portion of catecholamines was epineph-
rine. No constant response of blood pressure was
observed. On the other hand, DMPP produced a
marked increase in total catecholamine concen-
tration in 30 s, which disappeared as early as 1.5
min thereafter. The effect of DMPP was repro-
ducible through 4 consecutive series as in the
case of cinnamaldehyde. Increase in epinephrine
concentration was markedly greater than that in
norepinephrine concentration, both being signif-
icantly elevated. Blood pressure markedly in-
creased with DMPP. CMC solution which served
as control showed no effect in this experiment.

Influence of ganglion blocking on the cate-
cholamine releasing effect of both drugs is
shown in Fig. 2. The effect of DMPP was mark-
edly antagonized with hexamethonium plus
atropine but that of cinnamaldehyde was not.
Under treatment with the ganglion blocking
agents, increase in blood pressure by DMPP sub-
stantially disappeared, whereas responses of
blood pressure to cinnamaldehyde tended to in-
crease regardless of a fashion of the responses
before the treatment.

Influence of the adrenals on catecholamine
releasing effect of both drugs is shown in Table
IL The effect of both drugs disappeared or mark-
edly decreased after ligation of the adrenals.
Basal catecholamine concentration after ligation
of the adrenals fell to the level approx. a half that
before ligation (Total catecholamine concentra-
tion 41 ng/ml (N =4)). On the contrary, pres-
sor response to 1 ug/kg of norepinephrine (base)
i.v. showed no practical change before and after
the ligation (30 =3 mmHg — 25 +4 mmHg (N
=5)).

2)_Catecholamine Releasing Effect of Cinnamal-
dehyde (i.d. Administration)

As shown in Table III, cinanmaldehyde in-
creased catecholamine concentration in a dose-
dependent way. At 50 mg/kg, the 20-min value
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was approx. twice that of the basal level, reach- levelin 1 h. At 100 mg/kg, the 20-min value was
ing a maximal level and the catecholamine con- almost the same as that at 50 mg/kg and the in-
centration seemed still to remain at an increased creased level seemed still to be maintained even

TABLE I.  Catecholamine Releasing Effect of Cinnamaldehyde and DMPP

Drug Basal(22)@) 2(21) 10(7) 20(17) 30(14) min
Cinnamaldehyde Epi  34+09% 98+17¢ 124+70  46*12 56*14
20 mg/kg, i.v. Nor 36=*07 56+1.7 76+36 24+04 27=*10
Total 69=+13  155+284 200+105 6914 83%*15

Basal(41) 0.531) 209) 10(41) 2021) min
DMPP Epi 36*10 635%+1849Y 36+18 29*06 3.1%06

30 ug/kg iv. Nor 32+04  122+289 30+1.1 3107 26%05
Total 68=*1.1  757*196¢ 65*29  60*09 57=+08

a) number of animal, b) plasma concentration (ng/ ml), ¢) p< 0.01 (against the basal value), d) p< 0.05
(against the basal value).
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FIG. 1. Catecholamine Releasing Effect of Repeated i.v. Administration of Cinnamaldehyde and DMPP
Numbers in parentheses indicate the number of animals.
a) p< 0.05 (against the basal level), b) p< 0.01 (against the basal level).
Values at each series represent the 2-min value (cinnamaldehyde) and the 30-s value (DMPP).
Note different scale of the ordinate of the two drugs.
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in 3 h. Further, 200 mg/kg of cinnamaldehyde
increased catecholamine concentration in 20
min and produced a marked increase in 2 h with

cinnamaldehyde (20 mg/kg, i.v., N =4)
ng/ml L.

. No:
| CEpi
Total

40

Cs+atr

A Plasma catecholamine concentration

Ll 40
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the magnitude of apptox. 14 times as much as
the basal level. In the early period of time course,

cinnamalde

hyde at doses used here showed an

DMPP (30 ug/kg, i.v., N=7)

b)

Cetatr

FIG. 2. Influence of Hexamethonium plus Atropine (Cs+atr) on Catecholamine Releasing Effect of

Cinnamaldehyde and DMPP

a) p< 0.05 (against the basal level), b) p< 0.01 (against the basal level), c) p< 0.05 (against the level
before C; +atr), d) p< 0.01 (against the level before C; +atr).

TABLE II.  Influence of Adrenal Ligation on the Catecholamine Releasing Effect of Cinnamaldehyde

and DMPP
Drug Before adrenal ligation After adrenal ligation
Cinnamaldehyde (N =2) Epi 39,4) 13 1, O
20 mg/kg, i.v. Nor -1, 0 -3, -3
Total 38, 13 -2, =3
DMPP (N =5) Epi 110.0+389 60=x5.1
30 ug/kg, iv. Nor 300+15.2 22x20
Total 140.0+53.3 82x7.1

a) Increase in plasma concentration (ng/ mi).
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increase in catecholamine concentration 2—3
times as much as that of the basal level which
well corresponded to an increase 2 min after 20
mg/kg of iv. cinnamaldehyde. The increased
portion of catecholamines was almost all epi-
nephrine and no significant increase in norepi-
nephrine concentration was observed. CMC so-
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lution produced no effect on catecholamine con-
centration when determined in the same
schedule of blood sampling as that at 200 mg/kg
of cinnamaldehyde.

Blood pressure decreased 5 min after adminis-
tration of 100 mg/kg of cinnamaldehyde, show-

TABLE III.  Catecholamine Releasing Effect of i.d. Administered Cinnamaldehyde
Time CMC (N =3) 50 mg/kg (N =3) 100 mg/kg (N =5) 200 mg/kg (N =10)
min Epi Nor Total Epi Nor Total Epi Nor Total Epi Nor Total
Basal 19+084) 5S4%17 73+15 28%03 51+10  79+07 3506  36+02 72206 2504 44404 69+03
1 49+16 29+06 7.8=x11
5 2408 40+15 65+16 73429 29+06 10227
10 2407 41+19 65=x15 11.7%54 23+0.6 140=*5.1
20 27%05 36*16  63x14 97+22b) 66+26 163x36 88=168) 47+09 135200 190=9.1 30+06 220+88
30 40+11  28%19  68%09 135+35¢) 21404 156+33b)
45 42420  35%20 80%04 156459 31206 186+465)
60 40+09  29+18 68+09 62%22 6419 12627 72%22  30+08 102*16 237+729 36=+13 273=x760)
90 48=%13 21*17 6904 35.5+1228) 60+26 415=1260
120 30+13  31x17 4920 33=05 57+13  89=11 77=21 50+08 127+28 764=2875) 205+71 9613160
180 39+15 50+11  89+13 98%36  52*13 15045
240 23+13 41x14 6406 46*19 45+0.8 91%+19
300 28=*14 44+14 73%x01 4709 30+06 7.8*10
360 24%10  36%06  61x04 3209  38%04 7.0+09

a) pl3sma concentration (ng/ml), b) p<0.05 (against the basal value), c) p< 0.01 (against the basal
value).

ug/ml
15¢ 15t
g1 3 o |
g O — O 200 mg/kg, i.d., N=5 ‘
§ A—A 20mgkg, i.v., N=5
§ O0—0 10mgkeg, iv, N=3 ]‘
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g
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FIG. 3. Plasma Concentration of Cinnamaldehyde in the Portal Venous Blood after i.d. and i.v. Admin-
istration of the Drug
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ing a maximal decrease of approx. 20 mmHg
thereafter and returning to almost the basal level
in 60 min. In a dose of 200 mg/kg, blood pressure
gradually decreased with progression of time,
the magnitude of which was 20 mmHg in 20
min, 30 mmHg in 90 min, and 50 mmHg in 120
min.
3) Intestinal Absorption of Cinnamaldehyde

As shown in Fig. 3, as early as 1 min after i.d.
administration of 200 mg/kg, cinnamaldehyde
was detected in the portal venous blood and the
maximal concentration was reached in 2 min.
Although declined thereafter, cinnamaldehyde
was still detected in a concentration 1/10 as low
as the maximal level in 2 h. Since no cinnamal-
dehyde was detected in the blood of the postcava
through the experimental period, the amount of
cinnamaldehyde in the portal blood is considered
to reflect that of unchanged drug absorbed from
the intestinal tract. I.v. administration of 20
mg/kg of cinnamaldehyde gave a maximal con-
centration in the portal venous blood in 1 min,
with no detectable amount in 10 min. In the case
of 10 mg/kg, i.v., the magnitude of concentration
and duration of the response were smaller and
shorter compared with those at 20 mg/kg, re-
spectively.

DISCUSSION

Cinnamaldehyde increased plasma catechola-
mine concentration through iv. and i.d. route,
the effect produced through the latter being
dose-dependent and more lasting, i.e., 2—3-h
duration at doses of 50—100 mg/kg. In the case
of 200 mg/kg, an exceeding increase was ob-
tained during the later period of time course. In
contrast, the effect of i.v. DMPP was very tran-
sient. In a perfusing experiment on the cat
spleen, Brown and Gillespie reported that
output of norepinephrine induced by electrical
stimulation in saline perfused spleens is consider-
ably greater than the corresponding outputs in
the blood-perfused spleens.#) Blakely et al
showed an existence of norepinephrine uptake
process which required blood cells in an experi-
ment in vivo on the cat spleen.® Zileli et al.
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found an increase of catecholamine release, espe-
cially epinephrine release, from the adrenals
owing to decrease in blood pressure and blood
volume in an experiment of bleeding shock in
dogs.® Accordingly, an exceeding increase in
catecholamine concentration observed during
the later period of time after i.d. administration
of 200 mg/kg of cinnamaldehyde may at least
partly be explained from an aspect that dilution
of blood took place at that time, which resulted
in acceleration of catecholamine releasing effect
of cinnamaldehyde although the dilution of
blood per se (control experiment) showed no
augmentation of catecholamine concentration.
In addition, there exists a possibility that a
marked decrease in blood pressure at that time
may participate in the increase in catecholamine
concentration. Intestinal absorption of cinnamal-
dehyde i.d. administered at a dose of 200 mg/kg
occurred very early and was lasting. In contrast,
its portal venous blood concentration was rapid-
ly diminished beyond the detectable threshold
in the case of i.v. administration. These findings
may explain the reason why catecholamine
releasing effect of id. cinnamaldehyde lasted
longer than that of the i.v. administered drug.
The conclusion that origin of plasma catecho-
lamines released by systemically administered
cinnamaldehyde is mainly the adrenals can be
derived from the following findings; 1) increase
in plasma catecholamine concentration by i.v.
cinnamaldehyde disappeared in the animal
preparation whose adrenals were ligated. 2) in-
creased portion of plasma catecholamines by i.v.
or id. cinnamaldehyde was almost all epineph-
rine. 3) as reported eatlier,!’ cinnamaldehyde re-
leased catecholamines from the isolated dog
adrenal and from the adrenals in situ of anesthe-
tized dogs by local ia. application. The finding
that catecholamine releasing effect of i.v. cinna-
maldehyde was not influenced by pretreatment
of hexamethonium and atropine indicates that
the drug increased plasma catecholamine con-
centration through a mechanism(s) independent
of increase in adrenergic netvous activity either
originated in the central nervous system or
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generated from peripheral events via reflex
pathway at least under such an anesthetized con-
dition. Except the later period of time after i.d.
administration of 200 mg/kg of cinnamaldehyde
where a marked decrease in blood pressure was
noted, no relation between decrease in blood
pressure and increase in plasma catecholamines
released was recognized in the present experi-
ment. From above findings, it is concluded that
cinnamaldehyde, entering the circulatory
system, reached the adrenals and released cate-
cholamines from the organ through a mecha-
nism(s) independent of affecting the cholinergic
receptors. Blood catecholamine concentration
measured here may express a highest one because
of blood collection from a position in the postca-
va which is closely distal to the adrenals.

The following discussion is on a pharma-
codynamic effect of plasma catecholamines re-
leased with cinnamaldehyde. As observed in the
present study or a previous study,” iv. cinna-
maldehyde produced a hypotensive phase fol-
lowed either by a presence or absence of hyper-
tensive phase. Some discussions were made on
mode of this hypotensive effect.” On the other
hand, as illustrated in Fig. 3 in the preceding
paper, blood pressure response to i.v. cinnamal-
dehyde after treatment with hexamethonium
plus atropine, not after treatment with atropine
alone,” also was more vasopressive compared
with that before the drug treatment in the pre-
sent study. Nelson et al. reported an augmenta-
tion of pressor response to exogenous norepi-
nephrine with hexamethonium treatment.®
Moreover, i.a. cinnamaldehyde administered
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closely to the adrenals produced a vasopressive
effect which was blocked by pretreatment of
phentolamine.? From these findings, it is consid-
ered that iv. cinnamaldehyde-induced hyper-
tensive phase at least partly originated from
plasma catecholamines released by the drug.
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