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Abstract

Objectives: Alzheimer’s disease is one of the most common causes of dementia with metabolic disorders in the nervous system.
Nutrition and physical activity are two main factors in the management of this disease. The aim of the present study was to inves-
tigate the effect of endurance training with crocin consumption on IGF-1 and glycogen expression in rat hippocampus tissue of a
trimethyltin-treated model of Alzheimer’s disease.
Methods: In this experimental study, 30 male rats were selected and divided into 5 groups of 6 rats including (1) healthy control,
(2) Alzheimer’s control, (3) endurance training, (4) crocin and (5) endurance training with crocin. At first, rats in groups 2 - 5 were
induced Alzheimer’s disease by intraperitoneal injection of 8 mg/kg of trimethyltin. Then, during 8 weeks, rats in groups 3, 5, ran
on treadmill for 3 sessions per week, each session 15 - 30 minutes at speeds of 15 - 20 m/min and groups 4 and 5 received 25 mg/kg of
crocin daily. The results were analyzed by Shapiro-Wilk test and one-way ANOVA with Tukey post hoc (P ≤ 0.05).
Results: Alzheimer’s induction with trimethyltin had a significant effect on reduction of IGF-1 gene expression (P = 0.001) and glyco-
gen (P = 0.001); endurance training had a significant effect on increase of IGF-1 (P = 0.001) and glycogen (P = 0.001); crocin consump-
tion had no significant effect on IGF-1 (P = 0.48) and glycogen (P = 0.39); endurance training with crocin consumption had significant
effect on increase of IGF-1 (P = 0.001) and glycogen (P = 0.02) as well as endurance training (P = 0.001) and endurance training with
crocin consumption rather than crocin consumption had significant effect on increase of IGF-1.
Conclusions: Although endurance training results in a significant increase in IGF-1 and glycogen in the hippocampus tissue of
Alzheimer’s rats, nonetheless, the use of crocin in combination with endurance training rather than crocin consumption alone can
have a greater effect on increased IGF-1 content of the hippocampus in rats with Alzheimer’s.
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1. Background

Alzheimer’s disease is one of the most common causes
of dementia, which is rising dramatically throughout the
world and has caused the world community to bear high
costs for health care (1, 2). Recent evidence suggest the as-
sociation between Alzheimer’s disease and metabolic ab-
normalities (3). Researchers have described oxidative dam-
age as one of the main reasons for the progression of this
disease (4). Oxidative damage seems to play a major role
in degrading the enzymes of the energy supply routes of
the central nervous system, especially the hippocampus.
Glycolysis, the tricarboxylic acid cycle (TCA cycle) and ATP
synthesis are some of the affected mechanism, which re-
sult in decreased synaptic function, sudden death and de-

struction of parts of the hippocampus (4). Although glu-
cose is the main fuel of the brain, a significant amount of
brain glycogen also exists in astrocytes (as cells that are
the first line of defense of the brain against toxic com-
pounds). Studies have also shown that glycogen is essen-
tial for some of the vital functions of the brain, memory
and learning (5). Despite the role of insulin in regulating
the metabolism of other tissues in the body, it seems to
have a limited role in regulating the transfer of glucose in
the brain. Hence, the researchers believe that insulin-like
growth factor-1 (IGF-1) with insulin-like function can con-
tribute to central nervous neurons in regulating glucose
metabolism (6). Therefore, it seems that a disorder in these
metabolic pathways is directly related to cognitive dis-
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eases, including Alzheimer’s disease (7). Considering the
high financial costs and physical damage of Alzheimer’s
disease, it seems necessary to find a way to prevent or
treat this disease. Therefore, the desirable role of regular
physical activity with moderate and high intensity in the
improvement of Alzheimer’s disease has been studied in
many studies (8). Researchers believe that exercise can in-
crease the activity of the nervous system and increase the
energy requirement of this member. Also researchers be-
lieved that the effect of physical activity on brain cells and
the hippocampus (as a place for memory and learning) is
related to improvement of neuroplasticity, neurogenesis
and repair of damaged neurons, which, in turn, require
energy (9). On the other hand, performing sports activ-
ities with the mechanism of increasing the catabolic en-
zymes of substrates such as glucose, fatty acids, ATP pro-
duction, and increased glutamate and creatine levels, may
improve the metabolism in hippocampus tissue (9). Con-
troversial results regarding the effect of exercise on central
nervous system metabolism have been reported, some sug-
gesting that exercise activity is not effective on metabolic
markers (9) and some suggesting the effect of exercise on
glycogen (10, 11) and IGF-1 (11). On the other hand, given
the limited information on the role of sports activities and
the irreparable side effects of synthetic drugs, researchers
in the field of sports sciences have recently become in-
terested in using medicinal plants alongside sports activ-
ities. Saffron is a well-known herb that has antioxidant,
anti-depressant, anti-inflammatory, anti-cancer and also
has beneficial effects on the repair of damaged nerve cells
in patients with cognitive impairment (12). Crocin is one
of the main components of this medicinal plant, as re-
searchers often attribute the properties of saffron to this
substance (12). It seems that crocin can help improve cell
metabolism through the mechanism of increased insulin
sensitivity and increased glucose transport to the cell (13).
In this regard, it has been reported that receiving 15 mg/kg
and 30 mg/kg of crocin resulted in an improvement in
serum glycemic indices and also in the improvement of
the number of hippocampus neurons in diabetic rats (14).
Also the presence of crocin had a significant effect on re-
ducing glucose levels in the blood and increasing its en-
try into the cell were due to increased glucose transporters
such as GLUT-4 in diabetic rats (15).

It seems that exercise activity and the use of medici-
nal plants are separately evaluated from a metabolic per-
spective in various diseases, and most studies have indi-
cated the positive effects of these two factors in some dis-
eases, however, due to the effect of Alzheimer’s disease on
hippocampus tissue degradation and the lack of informa-
tion on the role of exercise in combination with the use
of crocin on the metabolism of the central nervous sys-

tem, especially the hippocampus tissue; the present study
aimed to investigate the effect of endurance training with
crocin consumption on IGF-1 and glycogen expression in
rat hippocampus tissue of a trimethyltin-treated model of
Alzheimer’s disease.

2. Objectives

Therefore, the hypothesis of the present study is that
endurance training with crocin consumption have inter-
action effects on the increase of IGF-1 and glycogen expres-
sion in rat hippocampus tissue of a trimethyltin-treated
model of Alzheimer’s disease.

3. Methods

In this experimental study, 30 male Sprague Dawley
rats with an average age of eight weeks and a weighing av-
erage of 250 ± 65.4 g were purchased from the Laboratory
Animal Breeding and Animal Breeding Center of Islamic
Azad University, Marvdasht Branch. After transferring the
rats to the sports physiology lab of this unit, they were
kept for one week in order to adapt to standard conditions.
On day 8, 24 rats were injected with 1 mg/kg trimethyltin
intraperitoneally and after 72 hours, learning and mem-
ory tests were performed to ensure memory deficits, by
which full effect of trimethyltin on the hippocampus was
assessed (16). Rats were randomly assigned to 4 groups of 6
rats including (1) Alzheimer’s control, (2) endurance train-
ing, (3) endurance training with crocin consumption, and
(4) crocin consumption. It should be noted that in order
to investigate the effects of trimethyltin injection on the
levels of the research variables, 6 remaining were rats ar-
ranged in the healthy control group. Then, rats in groups 2
and 3 ran on treadmill for eight weeks, three sessions per
week, each session 15 - 30 minutes with speed of 15 - 20
m/min and groups 3 and 4 received 25 mg/kg crocin daily
for eight weeks (17). The basis for determining the sam-
ple size was, at first, the previous studies in this field, and
then the estimates based on the G*Power software. In this
software, the number of samples was calculated based on
the meanings in each group and the determination of ef-
fect size and standard deviation; the minimum calculated
number of animals for the current study was six rats in
each group.

3.1. Endurance Training

To conduct endurance trainings, initially, before the
onset of the research protocol, rats walked on treadmill
without slope for 5 - 10 minutes at speeds of 5 - 8 m/min in
order to learn how to run on the treadmill. Then, rats ran
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on treadmill for eight weeks, three sessions per week and
15 - 30 minutes at a speed of 15 - 20 m/min on each session.
In fact, the rats in the first two weeks of research ran for 15
minutes in each session at a speed of 15 m/min, after that
the intensity and duration of training gradually increased
to 30 minutes and speed of 20 m/min in the eighth week.
In addition, 5 minutes for warm up and 5 minutes for cool
down were added to duration of the main trainings in each
training session (18).

3.2. Crocin

Crocin (Sigma Aldrich; Cat-No.: 17024-4G) was dis-
solved in normal saline and 25 mg/kg injected peritoneally.

3.3. Measuring the Research Variables

Forty-eight hours after the last training session and
crocin consumption, all rats were anesthetized by ke-
tamine and xylazine and then heart tissue was extracted to
measure the research variables.

For molecular analysis at the gene expression level,
first, extraction of RNA from the heart tissue was carried
out according to the manufacturer’s protocol (Sinagen,
Iran). Then, drawing on the light absorbance property at
wavelength of 260 nm, the concentration and degree of
purity of the RNA sample was quantitatively obtained us-
ing the Equation 1:

(1)C (µg/µL) = A260× ε× d/1000

After extracting RNA with high purity and high concen-
tration from all of the samples, cDNA synthesis steps were
taken according to the manufacturer’s protocol, and then
the synthesized cDNA was used for reverse transcription re-
action. Initially, the designed primers for genes were exam-
ined, and then IGF-1 and glycogen genes expression was as-
sessed using real time PCR. The sequence of primers used
in the study is presented in Table 1.

Table 1. Primer Sequence Used in the Study

Primers Sequence

IGF-1 (f) 5’TGGTGGACGCTCTTCAGTTC3’

IGF-1 (r) 5’TCCGGAAGCAACACTCATCC3’

Glycogen (f) 5’AGCTGATCTTTGGAGGCACC3’

Glycogen (r) 5’CTGATCCACACCACTGTCCC3’

3.4. Analysis of Research Findings

The results of the research were analyzed by SPSS soft-
ware using Shapiro-Wilk test and one-way ANOVA with
Tukey post hoc tests (P ≤ 0.05).

4. Results

The results of Shapiro-Wilk test showed that distribu-
tion of IGF-1 (P = 0.25) and glycogen (P = 0.80) in research
groups were normal. The levels of IGF-1 and glycogen in
hippocampus tissue of rats are presented in Table 2. The re-
sults of one way ANOVA test showed that there were signif-
icant differences between IGF-1 (F = 52.30 and P = 0.001) and
glycogen (F = 10.52 and P = 0.001) levels between research
groups. The results of Tukey post hoc test showed that
the IGF-1 in Alzheimer’s control group was significantly
lower than the healthy control (P = 0.001); endurance train-
ing (P = 0.001) and endurance training with crocin (P =
0.001) groups; in endurance training group was signifi-
cantly higher than crocin group (P = 0.001) as well as in
endurance training with crocin group was significantly
higher than crocin group (P = 0.001); also the glycogen in
Alzheimer’s control group was significantly lower than the
healthy control (P = 0.001); endurance training (P = 0.004)
and endurance training with crocin (P = 0.02) groups (Ta-
ble 3).

Table 2. IGF-1 Gene Expression and Glycogen Levels in Hippocampus Tissues in Ratsa

Group IGF1 Glycogen

Healthy control 2.61 ± 0.52 1.97 ± 0.81

Alzheimer’s control 0.31 ± 0.22 0.06 ± 0.04

Endurance training 2.21 ± 0.25 1.34 ± 0.58

Crocin 0.65 ± 0.35 0.63 ± 0.22

Endurance training with crocin 2.26 ± 0.32 1.09 ± 0.65

aValues are expressed as mean ± SD.

5. Discussion

The results of present study showed that eight weeks
of endurance training had a significant effect on the in-
crease of IGF-1 and glycogen in the hippocampus tissue of
rats with Alzheimer’s disease. IGF-1 is known as an essen-
tial ingredient in the development of the brain; however,
the role of this hormone is not fully understood in the ag-
ing process. However, researchers suggest reducing levels
of IGF-1 as a cause of aging and degenerative disorders. Re-
searchers also believe that the simulation of Alzheimer’s
disease in animal models has led to an increase in the ac-
cumulation of amyloid plaques, increased oxidative stress
and increased inflammation, thereby reducing the activ-
ity of the receptor IGF-1 (IGF-1R) at the cell surface. This
agent causes a defect in the metabolism of energy sub-
strates, including glycogen in the brain, and particularly
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Table 3. The Results of Tukey Post Hoc Test Compare the IGF-1 and Glycogen Levels in Research Groups

Group Mean Difference P Value 95% Confidence Interval

Lower Bound Upper Bound

IGF-1

Healthy control

Alzheimer’s control 2.29 0.001 1.69 2.89

Endurance training 0.39 0.32 -0.20 0.99

Endurance training with crocin 0.35 0.44 -0.25 0.95

Crocin 1.95 0.001 1.35 2.55

Alzheimer’s control

Endurance training -1.89 0.001 -2.49 -1.29

Endurance training with crocin -1.94 0.001 -2.54 -1.34

Crocin -0.33 0.48 -0.93 0.26

Endurance training

Endurance training with crocin -0.04 0.99 -0.64 0.55

Crocin 1.56 0.001 0.96 2.16

Endurance training with Crocin

Crocin 1.60 0.001 1.01 2.20

Glycogen

Healthy control

Alzheimer’s control 1.91 0.001 0.98 2.83

Endurance Training 0.63 0.28 -0.29 1.56

Endurance training with crocin 0.88 0.06 -0.04 1.80

Crocin 1.34 0.002 0.42 2.27

Alzheimer’s control

Endurance training -1.27 0.004 -2.20 -0.35

Endurance training with crocin -1.02 0.02 -1.95 -0.10

Crocin -0.56 0.39 -1.49 0.35

Endurance training

Endurance training with crocin 0.24 0.93 -0.67 1.17

Crocin 0.71 0.19 -0.21 1.63

Endurance training with crocin

Crocin 0.46 0.59 -0.46 1.38

in the hippocampus (5, 19). On the other hand, the ex-
ercises increased the level of glycogen synthase kinase-
3β (GSK-3β) and decreased Tau protein (Tau), which reg-
ulates and improves the brain glucose fuel as well as in-
crease the amount of glucose fuel from the pathway that
works through decreasing the ratio of inactive form of
phosphoinositide 3-kinases (PI3Ks) to active form, activat-
ing the pathway of Akt, and increasing the glucose trans-
porter in the hippocampus, prevents Alzheimer’s disease
in obese people susceptible to this disease (20). According

to the investigations, the researcher could not find a study
specifically focused on these two variables in Alzheimer’s
rats. However, consistent with the current study, the re-
searchers stated that short-term and long-term aerobic
exercises improved and increased the brain glycogen in
obese animals that were prone to Alzheimer’s disease (20);
endurance swimming trainings increased IGF-1 levels and
decreased beta amyloid in the cerebellum tissue of dia-
betic rats susceptible to Parkinson’s disease (21). Also, eight
weeks of exercises resulted in the recovery of glycogen
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stores and the increase of IGF-1 in the hippocampus of di-
abetic elderly rats (11). Fourteen days of exercise increased
the expression of Akt and IGF-1 in the motor cortex of brain
stroke rats (22).

On the other hand, the results showed that eight weeks
of crocin consumption had no significant effect on IGF-1
and glycogen changes in the hippocampus tissue of rats
with Alzheimer’s disease. Recent studies have shown that
saffron and its products can have beneficial effects on the
hippocampus, memory and learning in animal samples
with degenerative disorders. Since Alzheimer’s disease is
known to increase levels of beta-amyloid, it seems that
strong antioxidant activity of crocin and crocetin (as saf-
fron ingredients) can increase the flexibility of neurons
and reduce the inflammation and death of neurons, and
ultimately increase neuronal function (23). There is lit-
tle information about the effect of saffron and crocin con-
sumption in the central nervous system. However, pre-
vious studies have shown that saffron and its products
can increase glucose uptake by increasing the expression
of AMP-activated protein kinase (AMPK), increasing glu-
cose transporter (GLUT-4) as well as inhibition of gluconeo-
genesis and phosphoenolpyruvate carboxykinase (PEPCK),
which helps to increase the glycogen content. In other
words, researchers believe that the effects of glucose up-
take are dependent on activation of PI3K/AKT (24). Fur-
thermore, crocin can increase insulin secretion from pan-
creatic cells and increase insulin sensitivity and increase
glucose levels in the cells of the body. Researchers be-
lieve that saffron and its products can reduce insulin re-
sistance by reducing inflammatory factors (25). Zhang
et al. reported that 25, 50, and 100 mg/kg of crocin
significantly increased sirtuin 1 (SIRT1) and peroxisome
proliferator-activated receptor-gamma coactivator (PGC)-
1α in hippocampus tissue of rats exposed to severe hypoxia
and this increased expression was related to the crocin
dosage and increased the level of SIRT1 expression (26);
Moreover, 12.5, 25 and 50 mg/kg crocin consumption had
a significant effect on antioxidant activity and oxidative
stress reduction in the cerebellum and cortex of rats ex-
posed to acrylamide poisoning (27). In addition, due to
limited information on the mechanism of saffron and its
products, especially crocin, most of the previous studies
have examined these factors at serum levels and other tis-
sues other than the hippocampus. Therefore, considering
the different mechanisms of metabolism of the brain and
hippocampus other studies seem to be necessary in this re-
gard.

The results of the present study showed that en-
durance training with crocin consumption has significant
effect on increasing the IGF-1 and glycogen in the hip-
pocampus of rats with Alzheimer’s disease. It seems that

endurance training and crocin consumption in a similar
pathway, (such as increasing the expression of AMPK, GLUT-
4, as well as inhibition of gluconeogenesis, PEPCK, and ac-
tivation of the PI3K/AKT pathway) increase the absorption
of glucose in the cell and also increase the glycogen syn-
thase protein; which helps to increase the storage and re-
building of glycogen (19, 20, 24) On the other hand, it has
been reported that insulin resistance and similar illnesses
have reduced the ability of brain for insulin absorption
and the amount of insulin in the brain; and it is believed
that insulin resistance is due to a change in the cascade in-
sulin receptors and impairment of the message transmis-
sion path. Insulin in the brain has no role in the transfer of
glucose, but it has an effect on the survival of the neuron
and its function (28). Therefore, insulin and IGF-1 are ad-
ministered by the mediator of the insulin receptor in the
brain. Therefore, in present study endurance training with
the activation pathway of Akt has been shown to increase
the expression of IGF-1 in the hippocampus (22). Also, the
dose of crocin seems to be an effective factor in changes of
variables. Therefore, considering that the different dose of
crocin with endurance training was one of the limitations
of this study, it is recommended that future studies review
the effects of different doses of crocin on IGF-1 and glyco-
gen in hippocampus tissue. Regarding the effect of PI3K,
Akt, AMPK and PI3K proteins on glycogen and IGF-1 levels
in hippocampus tissue of rats, failure to measure these fac-
tors is also one of the limitations of present study; there-
fore, measurement of these factors is recommended in fu-
ture studies. Considering the fact that in previous studies,
the effects of exercises and crocin consumption on IGF-1
and glycogen were investigated separately, the strengths
of this study can be reviewed and compared to the effect
of endurance training and crocin consumption on IGF-1
and glycogen; Additionally, the weaknesses of the present
study may be the lack of measurement of IGF-1 and glyco-
gen by using different methods such as ELISA and Western
blot.

5.1. Conclusions

Although endurance training leads to a significant in-
crease in IGF-1 and glycogen in the hippocampus tissue
of rats with Alzheimer’s disease, however, the consump-
tion of crocin along with endurance exercises rather than
crocin consumption alone can have a greater effect on the
increase of IGF-1 in the hippocampus tissue of the rats with
Alzheimer’s disease.
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