Original Research
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Objective: Many agents (nutrients, nutraceuticals, and drugs) that enhance insulin sensitivity and/or reduce
circulating insulin.concentrations lower blood pressure (BP). Recently, it was reported that cinnamon has the
potential to favorably influence the glucose/insulin system. Accordingly, the purpose of the present study was
to examine the effects of dietary cinnamon on systolic BP (SBP), and various glucose- and insulin-related
parameters in spontaneously hypertensive rats (SHR).

Methods: In a series of three experiments, treated SHR eating sucrose and non sucrose containing diets were
given various amounts of cinnamon, cinnamon extracts, or chromium. Then various parameters such as: body
weight, systolic blood pressure, hematology and blood chemistries were followed for three to four weeks.

Results: Diets high in sucrose content-are associated with insulin resistance and the elevation of SBP.
Addition to diets of cinnamon (8% w/w) reduced the SBP of rats eating sucrose containing diets to virtually the
same levels as SHR consuming non sucrose containing (only starch) diets. The presence of cinnamon in the diet
also decreased the SBP of SHR consuming a non sucrose-containing diet, suggesting that cinnamon reduces
more than just sucrose-induced SBP elevations—perhaps a genetic component(s) of the elevated BP as well. The
effects of cinnamon on SBP tended to be dose-dependent. Cinnamon did not decrease the levels of blood glucose,
but did lower circulating insulin concentrations. Aqueous extracts of cinnamon also decreased SBP and lowered
the circulating levels of fructosamine.

Conclusions: Cinnamon is used for flavor and taste in food preparation, but cinnamon may have additional
roles in glucose metabolism and BP regulation. Therefore, BP regulation may not only be influenced favorably
by limiting the amounts of dietary substances that bave negative effects on BP and insulin function but aiso by

the addition of beneficial ones, such as cinnamon, that have positive effects.

INTRODUCTION

Hypertension, insulin resistance, and hyperinsulinemia de-
velop in some rat strains fed high concentrations of simple
sugars such as sucrose or fructose [1-4]. This model of sugar-
induced hypertension and insulin resistance may be clinically
relevant, because a cause-effect relationship between insulin
perturbations (insulin resistance/hyperinsulinemia) and many
hormonal disturbances capable of elevating blood pressure
(BP) has been demonstrated [35,6]. Also, many clinical reports
closely associate diabetes, insulin resistance, and hypertension
[7-11]. In contrast, many agents augmenting insulin sensitivity

and/or reducing circulating insulin concentrations have been
linked to lower BP in rats consuming high levels of sugars. The
enhancing agents include somatostatin [12], soluble fibers
[13,14], vanadium [15,16], chromium [17], metformin [18],
and troglitazone [19]. Recently, it was reported that cinnamon
has the potential to favorably influence the insulin system
[20,21] and had beneficial effects on blood glucose, cholesterol
and triglycerides of people with type 2 diabetes [22]. The
purpose of the present study was to examine the effects of
cinnamon on various perturbed parameters noted in Spontane-
ously Hypertensive Rats (SHR) consuming sucrose, especially
focusing on elevated systolic BP (SBP)..
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MATERIAL AND METHODS

One hundred sixteen male Spontaneously Hypertensive
Rats (SHR) of the Okamoto strain [23], weighing 150200 g,
were obtained from Taconic Farms, Germantown, NY for three
separate studies. Previous investigations have shown that SHR
are sensitive to sucrose-induced SBP elevations [1].

Two diets were used (Table 1)—one composed of corn-
starch as the sole carbohydrate source (52.1% of calories) and
referred to as the Starch Diet; and the second referred to as the
Sucrose Diet contained a combination of starch (33.8% of
calories) and sucrose (18.3% of calories). Accordingly, 52.1%
of all calories were derived from carbohydrates in both basic
diets. The remaining constituents with the exception of the
ingredients under study were similar in the Starch and Sucrose
Diets.

To make the extracts, Cinnamomum burmannii, (McCor-
mick & Company, Inc., Hunt Valley, MD) was suspended in 20
volumes of 0.1 acetic acid and autoclaved for 15 minutes,
centrifuged at 1200 g for 25 minutes and freeze-dried. A
portion of the sample was treated similarly except it was
adjusted to pH 9 with concentrated ammonium hydroxide prior
to freeze-drying. For clarity, we refer to the latter as the
“treated extract.” Extracts were added to the diet at 0.8% w/w.
This is roughly the amount of water-soluble material that would
be present in a diet containing 4.0% w/w cinnamon.

In the first study, after two of weeks of acclimatization to
regular laboratory chow, four groups of six rats were provided
four different diets for three to four weeks. The first and second
diets derived 52% of calories from cornstarch, and the third and
fourth diets replaced some starch with sucrose that provided
18% of calories (Table 1). Minerals and vitamins were included
at American Institute of Nutrition (AIN) levels [24). Cinnamon

Table 1. Two Diets
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was added to the second and fourth diets at a concentration of
8.0% w/w. The latter replaced all the cellulose and a small
fraction of starch——constituents shown previously to have little
influence on SBP in this model [14].

The second study was designed to examine a dose-response
of cinnamon on SBP using 40 SHR. After two to three weeks
of acclimatization to regular laboratory chow, rats were pro-
vided one of the five special diets for four weeks. All the diets
in the second study replaced some starch with sucrose to
provide 18% of calories (Table 1). Cinnamon was added at 0,
1.0, 2.0, 4.0, and 8.0% w/w. Cinnamon replaced some or all the
cellulose, and in the case of 8% w/w cinnamon a small fraction
of starch as well.

The third study consisted of seven groups of eight SHR
raised on the basic diets depicted in Table 1. The major purpose
of this last experiment was to compare the effects of cinnamon
extracts against whole cinnamon. The seven groups consisted
of a starch control, a sucrose control, and sucrose-eating groups
receiving whole cinnamon at 2.0% w/w and 6.0% w/w, a
cinnamon extract at 0.8% w/w, a treated cinnamon extract at
0.8% w/w that was adjusted to pH 9 prior to freeze-drying, and
finally a chromium group. The concentrations of cinnamon
extracts were calculated to fall somewhere between the 2% and
6% concentrations of whole cinnamon powder. The last group
received chromium histidinate (2 ppm) for comparative pur-
poses. As in previous studies, body weight and SBP were
followed. Circulating glucose, cholesterol, HDL, triglycerides
and fructosamine concentrations were measured.

SBP

SBP was estimated by tail plethysmography in unanesthe-
tized rats after a warming period [25]. Readings were taken

Basic Diets

Starch Diet

Sucrose-Starch Diet

% of Calories

% of Calories % by Weight

Ingredients % by Weight
Sucrose 20.00 18.3
Cornstarch 57.00 52.1 37.00 33.8
(Common components in each diet) % by weight % of Calories
Vegetable oil 16.44 36.0
Casein 13.00 11.9
Mineral Mix, AIN 76A 4.00
Vitamin Mix, AIN 76A 1.20
Cholesterol 1.10
NaCl 0.50
Choline Bitartrate 0.50
dl-Methionine 0.20
Sodium Cholate 0.02
Ethoxyquin 0.04
Cellulose 6.00*

* Replace some or all cellulose with 2%, 4%. 6%, and 8% w/w cinnamon.

For the 8%, replace some cornstarch as well.

The diet has been made up undex the direction of Dr. Richard Anderson of the USDA at his facility in Beltsville MD.

The food has been maintained at —2° and —4°c.
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0.5—1 minute apart. To be accepted, SBP measurements had to
be virtually stable for at least 3 consecutive readings. Measure-

ments were made weekly.

Blood Chemistry

Blood was obtained at the end of each experiment following
removal of food for 4 hours. Blood was drawn, and rats were
sacrificed by inhalation of a high level of CO,. Fructosamine
was measured by using a GlucoProtein™ test strip from the
LXN Corporation, San Diego, CA. Immunoreactive insulin was
determined by radioimmunoassay (Linco Research Laborato-
ries, St Louis, MO) and glycosylated hemoglobin (HBAIC) by
column chromatography (Isolab Inc, Akron, OH). The remain-
ing chemical analyses were performed by routine clinical pro-

cedures.

Statistical Analyses

Results are presented as mean = SEM. Statistics on blood
chemistries were performed by a one-way analysis of variance
(ANOVA). SBP and body weight (BW) were examined by
two-way analysis of variance (one factor being diet and the
second factor being time of examination). Where a significant
effect of diet was detected by ANOVA (p < 0.05), the Dunnett
t test was used to establish which differences between means
reached statistical significance (p < 0.05) [26].

RESULTS

Experiment 1

After three weeks, SHR ingesting the diet deriving 18% of
calories from sucrose had gained more body weight than SHR
ingesting the pure starch diet, i.e., the absence of sucrose (Fig.
1A). We will refer to the SHR consuming starch as the only
carbohydrate (CHO) source as the “starch” group, while SHR
consuming starch/sucrose combination will be referred to as the
“sucrose” group. Relative to SHR ingesting only starch, SBP of
SHR ingesting the sucrose-containing diet showed a significant
elevation of SBP after 22 and 25 days (Fig. 1B). Addition of
cinnamon to either the starch or sucrose diets caused a signif-
icantly lower SBP in their respective dietary group from the
first week on. Ingestion of cinnamon resulted in no statistical
changes in circulating glucose and HbAIC levels (Table 2),
although the sucrose group tended to have a higher average
level of HbAIC.

Experiment 2

SHR consuming a diet composed of 8% w/w cinnamon
again had decreased body weight compared to control (Fig. 2).
Although SHR consuming 1.0, 2.0, and 4.0% w/w cinnamon
tended to gain less weight than control, these differences were
not statistically different. The studies on SBP are depicted in
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Fig. 1. Body weights and SBP of SHR (Expt 1). See figure insert for
group designation. Top figure A depicts body weight (BW) of 4 groups
eating sucrose/starch or starch diets with and without the addition of
8% w/w cinnamon. Bottom figure B depicts SBP of 4 groups of six
SHR each eating sucrose/starch or starch diets with and without the
addition of 8% w/w cinnamon. Means = SEM are shown. Regarding
values for BW and SBP, the average of sugar-eating group is signifi-
cantly different from other three groups for the last two readings.

Fig. 3. At 1 and 2% w/w levels of cinnamon, the SBP were
significantly lower than control by the fourth week. At 4 and
8% wiw, the significant changes in SBP occurred by the second
week. SHR consuming cinnamon compared to control had the
following significant mean differences at the end of study: [%
w/w —9 mm Hg, 2% w/w —10 mm Hg, 4% w/w —10 mm Hg,
and —13 mm Hg at 8% w/w. After 4 weeks, the circulating
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Table 2. Blood Chemistries (Expt 1)

Parameter Sta Sta-Cin Suc Suc + Cin
Glucose 129 £ 4.1 130 28 137242 131 £ 34
HbAIC 59203 5.8+02 6.4+ 05 5.6*+02

Mean * SEM is shown for 5 rats in each group.
There are ho statistically significant differences among the values.

Cin = cinnamon, Sta = starch, Suc = sucrose.
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Fig. 2. Body weights of SHR consuming different levels of cinnamon
(Expt 2). See figure insert for details. Groups of 8§ SHR were examined.
Means * SEM are depicted. Values for the group receiving 8%
cinnamon are statistically different from Control.

concentrations of insulin decreased significantly at the 2, 4, and
8% w/w concentrations of cinnamon (Table 3). Although the
HbA1C levels were lower compared to control at the 2%, 4%
and 8% w/w concentrations of cinnamon, these values did not

attain statistical significance.

Experiment 3

At the end of the four-week study, there were no statistically
significant differences in the average body weights among the
control and test dietary groups (Fig. 4). As in previous studies,
the addition of sucrose to replace some starch caused a signif-
icant mean elevation in SBP — seven mm Hg (Fig. 5). How-
ever, the addition of 2 and 6% w/w cinnamon, the regular
extract and the treated extract adjusted to pH 9 prevented this
significant elevation of SBP associated with sucrose eating.
The treated extract was adjusted to pH 9, since in vitro insulin-
potentiating activity is higher in these extracts compared to the
unadjusted extracts. Those consuming chromium histidinate
with the sucrose had lower average SBP than the sucrose
control. Among the seven dietary groups, circulating glucose
was not statistically different (Table 4). Although the whole
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Fig. 3. Change from baseline SBP of SHR consuming different levels
of cinnamon (Exp 2). See figure inserts for details. Groups of 8§ SHR
were examined. Means *= SEM are depicted. Star by each value
indicates statistically significant difference from Control.

Table 3. Blood Chemistries (Expt 2)

Group Circulating Insulin (ng/ml) HbAIC (%)
0% 28+03 54+ 0.1
1% 31+04 5.4 *0.1
2% 1.8 ® 0.3% 51x02
4% 22 *+0.3* 52=x01
8% 2.0+ 0.2* 53x01

* Statistically significant.
Groups are distinguished by the amount of cinnamon in the diet (w/w).

cinnamon groups were not different from control in the levels
of circulating fructosamine, the two extracts and the chromium
compound were associated with significantly lower levels com-
pared to the sucrose-eating control group. HDL and triglyceride
concentrations were significantly lower only in the chromium

group.

DISCUSSION

Many commonly ingested nutrients or dietary elements
known to augment insulin resistance are also associated with
elevated BP, e.g., fatty acids [27,28] and sugars [29,30]. In
contrast, dietary factors generally accepted to enhance insulin
sensitivity such-as soluble fibers [13,14,31], chromium [17,32],
and vanadium [15,16] are associated with lower BP. In corrob-
oration of the correlation between glucose/insulin metabolism
and BP regulation, certain drugs, such as metformin [18] and
troglitazone [19], and exercise [4], which all augment insulin
sensitivity, are also recognized to lower blood pressure. All this
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Fig. 4. Body weights of SHR at completion of study (Exp 3). See figure
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depicted. No values for any group receiving cinnamon are statistically
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Fig. 5. SBP of SHR at completion of study (Exp 3). See figure insert
for details. Groups of 8 SHR were examined. Means *= SEM are
depicted. SBP for Sucrose group is statistically higher than the Starch
group, however, the mean SBP of the other sucrose-eating groups also

consuming cinnamon, extracts, or chromium are not.

suggests that perturbed glucose/insulin metabolism is directly
or indirectly involved, at least to some extent, in some forms of
hypertension. The studies showing that chromium is associated
with decreased BP are especially of interest. Chromium sup-
plementation has few known effects independent of those on
insulin metabolism [32].

Cinnamon, cinnamon extracts, and various selected foods
and spices are reported to fayorably influence the insulin sys-
tem [20,21,31,33-38]. Based on the correlation between insulin
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metabolism and BP regulation, we examined the ability of
cinnamon to influence SBP of spontaneously hypertensive rats
(SHR) with SBP raised even higher by the presence of a
moderate amount of sucrose in the diet. Sucrose at 18% of
calories resembles the average sugar content in the American
diet [39,40]. As expected, this small concentration increased
SBP, albeit delayed for approximately three weeks. Had we
added more sucrose to the diet, we might have expected a faster
onset of the sucrose-induced SBP rise [14]. This sucrose-
induced SBP elevation has been associated with development
of insulin resistance and/or hyperinsulinemia, based on various
means to assess the insulin system [4]. The ability of chromium
supplementation to overcome sucrose-induced blood pressure
elevations and ameliorate insulin resistance provides more
proof of this association [17].

In all three experiments of the present investigation, addi-
tion of dietary cinnamon consistently decreased SBP of SHR.
However, more than just the reduction in sucrose-induced BP
elevations was involved. The reduction in SBP caused by
cinnamon consumption took place even in the starch group of
the first experiment. Also in the first experiment, sugar-eating
rats compared to the other three groups gained more body
weight, which could have contributed to discrepancies in BP.
Still, body weight changes cannot be fully explanatory, because
in the two starch-eating groups a significant decrease in SBP
occurred when cinnamon was added to the all starch diet,
despite essentially no significant changes in body weight. Since
the presence of cinnamon in the diet also decreased SBP of the
SHR consuming no sucrose, this suggests that a component(s)
of the genetic hypertension was influenced in addition to the
sucrose-induced elevations in the other groups. Although rats
consuming 8% w/w cinnamon in the second experiment again
showed a significantly decreased body weight relative to con-
trol, no statistically significant changes in body weight oc-
curred when control was compared to SHR consuming %, 2%,
and 4% w/w cinnamon in their diets. Suffice it to say, a
significant decrease in SBP did take place at these lower
concentrations despite little difference in body weight changes
from control. Although the trend was for a greater decrease in
SBP with increasing dietary content of cinnamon, the differ-
ences among the cinnamon groups were not statistically differ-
ent from one another. As final corroboration, the changes in
SBP in the final third experiment were not associated with
significant changes in body weight.

In the last study, the two extracts examined were associated
with decreased circulating fructosamine levels. In the first two
studies, the decreases in HbA1C were not significantly lower,
perhaps due to the short duration of use. Using fructosamine, an
earlier marker of glycosylation, as a marker instead of HbA1C
would overcome this problem, at least to some extent. The
lowering of circulating insulin levels in the face of little change
in blood glucose concentrations by various doses of cinnamon
in the second experitnent would support an effect of the spice
on insulin sensitivity. Effects of cinnamon on other possible
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