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Abstract

Introduction: Diabetes is a metabolic disease that causes cognitive
disorders in addition to physical injuries. The role of physical activity
and medical plants in improving memory and physical function has
been reported, but the interactive effect of training at different
temperatures with Cinnamon consumption has not been known yet.

: Therefore, the present study aimed to investigate the effect of

swimming (S) training in water at 5 ° C (S5C) and 35 ° C (S35C) with
cinnamon (Cin) consumption on avoidance memory, spatial memory

and aerobic power of diabetic rats.
: Materials and Methods: In this experimental study, 48 diabetic rats

(55 mg/kg streptozotocin) were divided into 1) diabetic control (CD),

2) S5C, 3) S5C+Cin, 4) S35C, 5) S35C+Cin and 6) Cin groups. Eight rats
. were placed in the healthy control (HC) group to investigate the
. effects of diabetes induction on the research variables. Swimming
: trainings were performed at 2+5 ° C and 36+2 ° C for eight weeks, 3
: days per week and 2-4 minutes in each session. The aqueous extract
: of cinnamon was 200 mg/kg/day dissolved in drinking water. 48
hours after the last training session, the research variables were
: measured.

: Findings: S5C and S35C significantly caused the increase in step
: through latency (STL), percentage of alteration (PA) and aerobic
: power as well as decreased time spent in dark compartment (TDC)
: and repeat dark entrances (RDE) (P<0.05). Cin caused a significant
. increase in PA and aerobic power as well as significant decrease in
: TDC (P=0.05). Also, S5C+Cin and S35C+Cin significantly increased STL
: and PA and decreased TDC in diabetic rats (P=0.05).

: Conclusion: It seems that swimming training at different
: temperatures and consuming cinnamon have beneficial effects on the

memory and learning of diabetic rats, but since Cin moderated the
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Introduction

Diabetes mellitus is characterized by abnormal
metabolism, decreased insulin secretion,
increased insulin resistance, or both (1). This
disease is associated with decreased levels of
neurotrophins, increased inflammatory factors
in the central nervous system following
increased oxidative stress (3, 4). Decreased
neuroplasticity  and  neurotrophins  are
associated  with  cognitive  impairment,
decreased balance, decreased aerobic power,
and decreased quality of life (5). But exercises
improve neurotrophins and memory, increase
neuroplasticity and reduce anxiety as well as
depression (8). Cinnamon (Cin) also improves
memory and learning in Alzheimer's patients
with  its antioxidant, anti-inflammatory,
amyloid-beta-reducing effects and improved
cerebral circulation (13). In addition, cold
pressure has beneficial effects on reducing
white adipose tissue and increasing brown
adipose tissue (11); however, studies on the
effect of training at different temperatures along
with Cin on cognitive function are limited.
Therefore, the present study aimed to
investigate the effect of eight weeks of
swimming training at different temperatures
along with Cin on the avoidance memory, spatial
memory and aerobic power of streptozotocin-
induced diabetic rats.

Materials and Methods

In this experimental study, 48 diabetic rats (55
mg/kg streptozotocin peritoneal injected
manufactured by Sigma USA) based on fasting
blood glucose divided intol) diabetic control
(CD), 2) swimming training in temperatures of 5
° C (S5Q), 3) S5C+Cin, 4) swimming training in
temperature 36 ° C (S35C), 5) S35C+Cin, and 6)
Cin groups. Also, eight rats were placed in the
healthy control (HC) group to investigate the
effects of diabetes induction on the research
variables. Swimming trainings were performed
at 2+5 ° C and 36+2 ° C. Swimming training
protocol was five sessions in each week. Each
session lasted 2 minutes for the first week. So 30
seconds were added to the training until the
training reaches 4 minutes. By the end of the
eighth week, the rats trained for 4 minutes at 5 °
C (16, 17). Also, 200 mg/kg of cinnamon
(aqueous extract) was added daily to the
drinking water of rats (18). The aqueous extract

of cinnamon was 200 mg/kg/day dissolved in
drinking water.

Avoidance memory

This test was performed 48 hours after the last
training session for two days in two consecutive
stages. Habituation session, memory acquisition
education and memory recovery test were done
in three stages based on the study of Zavvari et
al. In the memory recovery phase, the rat was
placed in a light chamber, and after 20 seconds,
the door was opened. The latency which the
animal entered the dark chamber (STL), the
time spent in the dark chamber (TDC) and the
number of repeat dark entrances (RDE) was
recorded for each rat during the test period. The
test duration was five minutes (19).

Spatial memory

This test was performed for 8 minutes using a Y
maze in which repeated behaviors were
considered as successful and serial entries into
all arms in 3 overlapping sets. Thus, the
percentage of alteration (PA) was calculated as
the maximum alteration (total number of
entered arms) multiplied by 100 (19).

Aerobic power

To measure the aerobic power, rats warmed up
on treadmill for 5 minutes at a speed of 6 m/min
with zero-degree incline; then the speed
increased 3 m/min every 3 minutes until the
rats became exhausted and were no longer able
to continue. The criterion for reaching VO2zmax
was the inability of rats to continue the training
protocol and three consecutive collisions (three
times in a period of 1 minute) with the end of
the treadmill (20).

Statistical analysis

The normal distribution of findings was
investigated using Shapiro- Wilk test and
statistical analysis was performed using
independent sample t- test, two-way ANOVA
with Bonferroni’s post- hoc test in SPSS software
version 22 (P<0.05).

Findings

The results of independent sample t- test
showed that STL (P=0.001), PA (P=0.001) and
VO2max (P=0.001) in HC group were significantly
higher than CD group; there was no significant
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difference in TDC between HC and CD groups
(P=0.05) but RDE in CD group was significantly
higher than HC group (P<0.05). The results of
two- way ANOVA test showed that Cin had no
significant effect on STL (P=0.85), but S
(P=0.001), and interaction of S and Cin
significantly increased STL (P=0.04). The results
of Bonferroni’s post- hoc test showed that S6C
(P=0.001) and S35C (P=0.001) significantly
increased STL and there was no significant
difference between S6C and S35C (P=0.99). Cin
(P=0.01) and S (P=0.001) significantly
decreased TDC; moreover, interaction of S and
Cin decreased TDC (P=0.03); also, S6C (P=0.02)
and S35C (P=0.001) significantly increased TDC
and no significant difference was seen between
S6C and S35C (P=0.26). Furthermore, Cin
(P=0.11) and interaction of S and Cin (P=0.07)
had no significant effect on RDE, though, S alone
significantly decreased RDE (P=0.002), S6C
(P=0.03) and (P=0.002) significantly increased
RDE. Also significant difference was not shown
between S6C and S35C (P=0.63). In addition, Cin
(P=0.001) and S (P=0.001) significantly
increased PA, and interaction of S and Cin
decreased PA (P=0.001); S6C (P=0.001) and
S35C (P=0.001) significantly increased PA and
PA levels in S35C group were significantly
higher than those of S6C group (P=0.001).
Finally, Cin (P=0.02) and S (P=0.001)
significantly increased VO2zmay, but interaction of
S and Cin on increase of VOzmax was not
significant (P=0.67); S6C (P=0.001) and S35C
(P=0.001) significantly increased VO2max and no
significant difference was seen between S6C and
S35C (P=0.99).

Discussion

The results showed that S5C and S35C improved
avoidance memory, spatial memory and aerobic
power in diabetic rats. Diabetes increases
amyloid levels in neurons of the nervous system
by increasing oxidative stress, inflammatory
factors, and mitochondrial defects, and also
decreases memory and learning by decreasing
neuroplasticity (21). However, physical activity
and  post-exercise cold pressure by
cAMP/PKA/NRF1,2 mechanism and increased
PGC-1a increases the expression of uncoupling
protein 4 (UCP4) and improves neurotrophins
(23). Increased lipid metabolism, increased
mitochondrial biogenesis and thermogenesis
following exercise in hot and cold weather
increase aerobic power (22). Cin also increased
PA and VO2zmax and decreased TDC in diabetic
rats. Cin can improve lipid metabolism by
antioxidant effects, increase cerebral blood flow,
phosphorylation of transcription proteins from
metabolic genes, and decrease amyloid levels

and has an important role in improving
neurotrophins, memory and learning (25). Also,
Cin through cAMP/PKA/NRF1,2 pathway and
through an increase in mitochondrial biogenesis
can improve lipid, glucose and insulin
metabolism which ultimately leads to improved
aerobic power (26). The results showed that the
interaction of S5C+Cin and S35C+Cin increased
STL and PA and decreased TDC in diabetic rats.

There are limited studies on the simultaneous
effect of training and consumption of cinnamon
on memory and learning, but training in hot and
cold weather from cAMP/PKA/NRF1,2, PGC-1a
and UCP4 can improve memory (23) and by
improving lipids metabolism, mitochondrial
biogenesis and thermogenesis can increase
aerobic power (22). Cin also promotes memory
and learning through its antioxidant mechanism,
increases cerebral blood flow, decreases
amyloid  beta levels, and improves
neurotrophins (25) and the interaction between
training and Cin increases aerobic power (26).
Not being able to measure the neurotrophins in
the nervous system and mitochondrial
biogenesis factors are the limitations of this
study, so conducting such studies in the future is
recommended to researchers.

Conclusion

The interaction of S5C + Cin and S35C + Cin
seems to have beneficial effects on the memory
and learning of diabetic rats, however, since
cinnamon modulated the effects of training,
further studies at the molecular- cellular level
are recommended.
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