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Abstract

Background: In neurodegenerative complications, the function and structure of the neurons undergo a change, which eventually
cause the death of neurons.

Objectives: The purpose of this research was to determine the effect of continuous aerobic exercise on neurodegeneration in dia-
betic rats.

Methods: A total of 84 male Wistar rats were divided into four groups, including: (1) sedentary control (SC), (2) trained control (TC),
(3) sedentary diabetic (SD), and (4) trained diabetic (TD). The exercise protocol in this study comprised of 12 weeks, three sessions
per week.

Results: There was no significant difference in the level of tau protein hyperphosphorylation in four weeks of training (P = 0.128),
however, there was a significant difference in the 8th and 12th weeks of training (P = 0.000). In addition, the results showed that
there was a significant difference in tau protein hyperphosphorylation in different stages (4th, 8th, and 12th weeks of training) (P =
0.000).

Conclusions: It can be concluded that in all three different time periods (4th, 8th, and 12th weeks of training), the levels of tau pro-
tein hyperphosphorylation in the control and diabetes groups were more than those in the training, diabetes, and exercise groups.
On the other hand, the higher the incidence of diabetes mellitus, and the more time gone (from 4th to 8th and then 12th week), the
higher increase in the level of tau hyperphosphorylation occurred, so that continuing aerobic exercise could reduce the amount of

this variable.
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1. Background

Diabetes mellitus is a metabolic disease, that appears
asaresult of reduced insulin production or insufficient in-
sulin action in the metabolism of glucose (1). This disease
causes long-term problems such as cardiovascular disease,
neuropathy, retinopathy, and nephropathy (2). According
to the latest studies, there isa unique relationship between
diabetes and Alzheimer’s disease (AD), thus, AD may be af-
fected by increased blood glucose levels. It has also been
proven that individuals with diabetes are most likely to ex-
tend AD than healthy people (3). AD is a neurodegenerative
anomaly in which there are many biological disorders. In
AD, two important kinds of disorders have been detected
and examined extensively: The amyloid plaques and the
neurofibrillary tangles (NFTs) (4).

Tau proteins perform a prominent role in maintain-

ing the structure of microtubules and the proper function
of neurons; however, if phosphate molecules connect to
them, they separate from the microtubules and eventually
break down the tubules. Tau molecules then accumulate
together and form NFTs (5, 6). The hippocampus is a por-
tion of the brain that has a great role in memory and learn-
ing and emotional processes (7).

According to the previous studies, neurodegeneration,
due to AD, is more common among diabetic patients than
healthy individuals. Besides, since this relationship has
been discovered in recent years, limited research has been
done in this context, especially in the field of exercise in
preventing the onset of AD in diabetic patients. While
moreresearch has been done on AD alone, limited research
has been done on whether patients with diabetes are at a
risk of neurodegeneration and subsequently AD after dia-
betes. Considering the contradictory views on the occur-
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rence time of neurodegeneration in people with diabetes
(8,9), as well as the limited research on the effect of exer-
cise on neurodegeneration in the hippocampus of diabetic
patients, it was attempted to investigate hyperphosphory-
lated tau protein (HTP) levels in male Wistar rats 4, 8, and
12 weeks after inducing diabetes, and continuous aerobic
exercise (CAE) to observe when levels of HTP increase.

2. Objectives

The present study aimed to find out whether the
amounts of HTP increase 4, 8, and 12 weeks after induc-
ing diabetes in rats; also, whether or not 4, 8, and 12
weeks of continuous aerobic exercise (CAE) will decrease
the amount of HTP in diabetic rats.

3. Methods

3.1. Animals and Treatment

Atotal of 84 male Wistar rats (weight: 281128 g; age: 24
weeks old) from Ilam University of Medical Sciences Cen-
ter were maintained in Animal lab at Azad University, [lam
Branch, and used in the present experiment. Rats were
kept in an environment with a temperature of 21 & 2°C, 12
h/12 h cycle of darkness and light, and humidity of about
60 =+ 5%.

3.2. Induction of Diabetes

In this study, rats were diabetic with nicotine amide
and streptozotocin (stz) (10). First, nicotine amide (95
mg per kg body weight dissolved in saline solution) was
injected intraperitoneally. After 15 minutes, 55 mg/kg of
streptozotocin dissolved in 0.5 mL of citrate buffer solu-
tion was injected intraperitoneally. Five days later, blood
glucose levels were measured in fasting blood samples of
rats, and the blood glucose level of 126 - 400 mg/dL indi-
cated that they were diabetic (11).

3.3. Experimental Design

In this study, 84 rats were randomly divided into 4
groups (21rats in each group). Considering that at the end
of 4th, 8th, and 12th weeks of training, seven subjects of
each group were operated at each stage, thus, 21 subjects
were selected for each group. The exercise protocol com-
prised of 12 weeks and three sessions a week, with the in-
tensity and duration of the exercise being determined by
the principle of overloading. In short, the speed of the ex-
ercise program began at 12 m/min in the first week. From
the second week, the training speed increased weekly by

1 m/min. The training period from the 2nd-10th weeks in-
creased on a regular basis for two minutes and 20 seconds
each session. The duration of activity from 15 minutes on
the first day of the first week reached 80 minutes in the
tenth week. In this stage, the intensity of activity was deter-
mined by the speed, that is, the duration of activity from 15
minutes on the first day reached 80 minutes at the begin-
ning of the 11th week and then remained at that value (12).

3.4. Statistical Analyses

The dependent variable was analyzed by One-way anal-
ysis of variance (ANOVA) and repeated measures analysis of
variance. Significance level was determined at P < 0.05.

4. Results

After executing the exercise protocol (Figure 1) the re-
sults showed that there was no significant difference in
baseline weight in all three different time periods (4, 8,and
12weeks) (P=0.428,P=0.584,P=0.406, respectively). How-
ever, the weight of the subjects was significantly different
after 4, 8,and 12 weeks of exercise training (P=0.001) (Table
1).

The subjects had a significant difference in fasting glu-
cose (both in baseline glucose and after three different
training period time) (P = 0.001) (Table 1). The results of
ANOVA test showed that there was no significant difference
in the factor of HTP during four weeks of exercise train-
ing (P =0.408), however, there was a significant difference
between the 8th and 12th weeks of exercise training (P =
0.001) (Table 2). The results of Bonferroni’s post hoc test
are indicated in Table 3.

In 4, 8,and 12 weeks, the rate of HTP in SCand SD groups
were more than the ST and TD groups, and the longer the
time passes (from 4 weeks to 8 and then 12 weeks), the rate
of HTP increased, CAE decreased the level of HTP (Figure 2).

Standard error bar showed in all three time (Figure 3).

5. Discussion

Findings of the study indicated a significant change in
the HTP after 4, 8, and 12 weeks of training, so that the more
time passed from induction of diabetes (from 4 weeks to 8
weeks and then 12 weeks), the rate of HTP was increased,
and CAE decreased the level of this variable. Some studies
also provided similar results (12-18) and some studies have
contradictory results (9,19).

Liu et al. showed that the level and the activation of
PI3K/Akt signaling pathway in their anterior cortex was
greatly reduced and a large amount of glycogen synthase
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Table 1. Baseline Demographic Characteristics of Groups

Variables SCG SDG TDG P Value
4 Weeks
Weight, g
Baseline 281.2 +39.7 269.2 + 34 28411245 2611+ 14 0.428
After 4 weeks 285.2 +37.4 279.2 +34 21811215 2411+ 30.6 0.001
Fasting glucose, mg/dL
Baseline 882199 93.4+3.8 368.8 19.9 369.2 + 445 0.001
After 4 weeks 86.1+ 9.6 84.8 +5.8 350.1£101.9 205.2 £ 112.8 0.001
8 Weeks
Weight, g
Baseline 286.7£ 25.1 2817143 288 +15.8 275.4 +17.1 0.584
After 8 weeks 292.4 222 299.8 +17.2 213.2 £ 457 2514 +29.4 0.001
Fasting glucose, mg/dL
Baseline 89.5 + 5.6 8771+ 4.4 363.2 £ 525 362 £ 51.94 0.001
After 8 weeks 905+ 6 7321103 419.4 1 97.6 212.4 1+ 98.7 0.001
12 Weeks
Weight, g
Baseline 300 £ 14 2832110 288.4 1 20.1 278.7 £ 40 0.406
After 12 weeks 300.8+16.9 316.8 +14.4 212.24+ 453 294.5+ 42.4 0.001
Fasting glucose, mg/dL
Baseline 921+ 8.9 93.2+57 3315 %+ 62 3332+ 542 0.001
After 12 weeks 91.8 £ 7.5 79.8 8.7 4521+ 118.8 93.4 £15.1 0.001
Abbreviations: SCG, sedentary control group; SDG, sedentary diabetic group; TCG, trained control group; TDG, trained diabetic group.
Table 2. Hyperphosphorylated Tau Protein (HTP) Levels During 4, 8 and 12 Weeks
Time, wk SCG TCG SDG TDG PValue
4 263+3.8 193+ 16 231421 221451 0.408
8 28.8 3.2 20.7 27 38.8 47 24.6 + 8.8 0.001
12 30.4 £33 173+33 463+ 43 18.9 £51 0.001

Abbreviations: SCG, sedentary control group; SDG, sedentary diabetic group; TCG, trained control group; TDG, trained diabetic group.

kinase 3 beta (GSK-33) was phosphorylated and a great deal
of abnormal HTP was seen. It is amazing that the decrease
of this signal pathway was much more in people suffer-
ing from both diabetes and AD (20). One of the mecha-
nisms that causes HTP in diabetic patients is reduced glu-
cose metabolism in the brain due to Gluti/3 deficiency (21).
GSK-30 is one of the major causes of abnormal tau hyper-
tension in the brain of patients with degeneration (22).

Abnormal GSK-3/3 contributes to various diseases, in-
cluding mental disorders, brain strokes, traumatic head
injuries, and in particular, type 2 diabetes (23). Initially,
GSK-3 function was only phosphorylation of glycogen syn-
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thase (GS) and eventually deactivating it, however, re-
cently, many research results have indicated that GSK-3
could phosphorylate the tau protein as well (24, 25). Hyper-
activation of GSK-3/3 increases the unusual HTP and en-
hances the progression of the disease in people with AD
(26). GSK-33 has a key role in pathological alterations of
tau protein in AD (27). Past research suggests that the
PI3K/Akt/GSK-3(3 signaling pathway has an important im-
press on neuro preservation and strengthens cellular life
by stimulating cell duplicate and interdict apoptosis (28,
29). However, inaccurate performance of this signaling
pathway will raise GSK-3/3 action and as a result, HTP hap-
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Figure 1. Asummary of the tasks. Abbreviations: DG, division of groups; DI, diabetes induction; WM, weight measurement; FBGM, fasting blood glucose measurement; HTPM,
hyperphosphorylated tau protein measurement; Before, before exercise training programs; After, after each phase.

Table 3. Multiple Comparisons (Bonferroni)

(I) Time, (J) Time, Mean Difference (I-]) Standard P
wk wk Error Value
4
8 6.8* 0.7 0.000
12 -9.6* 0.65 0.000
8
4 6.8* 0.73 0.000
12 -2.8 0.78 0.004
12
4 9.6* 0.65 0.000
8 2.8* 0.78 0.004
pens.

In some studies, by transferring GSK-3/3 to the rat
marrow, it indicates that GSK-38 induced neurodegener-
ation (30, 31). Therefore, HTP is accompanied with the
PI3K/AKT/GSK-3/3 signaling pathway, and excessive preven-
tion of GSK-3( can reduce HTP and ultimately reduces the
progression of AD (32). It has been confirmed that GSK-35
has a prominent role in diabetes mellitus (33, 34).

Kim et al. showed that mediocre practice can interdict
the expression of GSK-3(3 in diabetic rats by interdicting
HTP in the hippocampus (12).

GSK-3/3 is a kinase in the transmission of insulin signal
and tau phosphorylation that plays a main double role in
the creating and exacerbation of insulin resistance, there-
fore, we assume that GSK-3/3 is a link between diabetes and
AD (26).
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Figure 2. The levels of hyperphosphorylated tau protein (HTP) in all groups

GSK-33 phosphorylated tau protein and over activa-
tion (GSK-3/3) stimulate abnormal phosphorylation of tau
and cause the accumulation of NFTs in AD (35, 36).

PI3K/Akt pathway inhibits GSK-33, resulting in the sur-
vival of cellular life (37). Reverse PI3K/Akt pathway rejec-
tion restores GSK-3/3 activity, resulting in cell death. The
PI3K/AKT signaling pathway is a classic anti-apoptotic path-
way that regulates the transmission of the survival signal.
PI3K/Akt pathway activity plays a supportive role in many
conditions of neuropathy (38).
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Figure 3. Standard error bar in all three time

In general, the PI3K/Akt signaling pathway activity de-
creases through time in the brain of diabetic rats and the
expression of GSK-35 increases, which itself causes HTP as
a symptom of AD, and exercise training can upregulate the
PI3K/AKT signaling pathway and activate GSK-33 (39).

5.1. Conclusion

It can be concluded that over time diabetic patients are
at risk of increased AD than healthy people, and they can
prevent AD with CAE.

Acknowledgments

The researchers are grateful to the Islamic Azad Univer-
sity, [lam Branch for helping them to do this research.

Footnotes

Conflict of Interests: All authors report no conflict of in-
terests.

Ethical Considerations:
EE[97.24.3.17656(sc.uac.ir.

Funding/Support: None declared.

Ethics  code:

References

1. Khanlarzadeh F, Asgari K, Amini M. Neuropsychological functions in
patients with type 2 diabetes. Iran | Basic Mes Sci. 2015;8:459-65.

Ann Mil Health Sci Res. 2018;16(3):e85194.

10.

11

12.

15.

. Shamsayee N, Abdi H, Shamsi M. [The effect of a continuous training

period on changes in necrosis and apoptosis in the hippocampus of
diabetic rats]. ] llam Univ Med Sci. 2015;25(1). Persian.

. Macauley SL, Stanley M, Caesar EE, Yamada SA, Raichle ME, Perez R,

et al. Hyperglycemia modulates extracellular amyloid-beta concen-
trations and neuronal activity in vivo. J Clin Invest. 2015;125(6):2463-
7. doi: 10.1172[]CI79742. [PubMed: 25938784]. [PubMed Central:
PMC4497756).

. Jouanne M, Rault S, Voisin-Chiret AS. Tau protein aggregation in

Alzheimer’s disease: An attractive target for the development of
novel therapeutic agents. Eur | Med Chem. 2017;139:153-67. doi:
10.1016/j.ejmech.2017.07.070. [PubMed: 28800454].

. Parsa N. [Alzheimer’s disease medical difficulty in the 1st century]. |

Arak Uni Med Sci. 2011;14:100-8. Persian.

. Kumar A, Singh A; Ekavali. A review on Alzheimer’s disease patho-

physiology and its management: An update. Pharmacol Rep.
2015;67(2):195-203. doi:  10.1016/j.pharep.2014.09.004. [PubMed:
25712639].

. Lou S, Liu JY, Chang H, Chen P]. Hippocampal neurogenesis and

gene expression depend on exercise intensity in juvenile rats. Brain
Res. 2008;1210:48-55. doi: 10.1016[j.brainres.2008.02.080. [PubMed:
18423578].

. Fallah Mohammadi Z, Khezri A, Ebrahimzadeh M. The effects of vol-

untary exercise on a running wheel and allium paradoxum on tau
protein in the cerebellum of diabetic rats. Journal of Isfahan Medical
School. 2012;30(185):477-87.

. Sima AA, Li ZG. The effect of C-peptide on cognitive dysfunc-

tion and hippocampal apoptosis in type 1 diabetic rats. Diabetes.
2005;54(5):1497-505. [PubMed: 15855338].

Pierre W, Gildas AJ, Ulrich MC, Modeste WN, Benoit NT, Albert K.
Hypoglycemic and hypolipidemic effects of Bersama engleriana
leaves in nicotinamide/streptozotocin-induced type 2 diabetic rats.
BMC Complement Altern Med. 2012;12:264. doi: 10.1186[1472-6882-12-264.
[PubMed: 23267560]. [PubMed Central: PMC3546073].

Skovso S. Modeling type 2 diabetes in rats using high fat diet
and streptozotocin. | Diabetes Investig. 2014;5(4):349-58. doi:
10.111/jdi.12235. [PubMed: 25411593). [PubMed Central: PMC4210077].
Kim DY, Jung SY, Kim TW, Lee KS, Kim K. Treadmill exercise de-
creases incidence of Alzheimer’s disease by suppressing glycogen
synthase kinase-3beta expression in streptozotocin-induced diabetic
rats. ] Exerc Rehabil. 2015;11(2):87-94. doi: 10.12965jer.150198. [ PubMed:
25960981]. [PubMed Central: PMC4415755].

. Jung SY, Kim DY, Yune TY, Shin DH, Baek SB, Kim CJ. Treadmill

exercise reduces spinal cord injury-induced apoptosis by activat-
ing the PI3K/Akt pathway in rats. Exp Ther Med. 2014;7(3):587-93.
doi: 10.3892/etm.2013.1451. [PubMed: 24520250]. [PubMed Central:
PMC3919853].

. Kim BK, Shin MS, Kim CJ, Baek SB, Ko YC, Kim YP. Treadmill exercise

improves short-term memory by enhancing neurogenesis in amy-
loid beta-induced Alzheimer disease rats. | Exerc Rehabil. 2014;10(1):2-
8. doi: 10.12965/jer.140086. [PubMed: 24678498]. [PubMed Central:
PM(C3952831].

Kim HB, Jang MH, Shin MC, Lim BV, Kim YP, Kim K], et al. Tread-
mill exercise increases cell proliferation in dentate gyrus of rats
with streptozotocin-induced diabetes. | Diabetes Complications.
2003;17(1):29-33. doi:  10.1016/S1056-8727(02)00186-1. [PubMed:
12505754].

. Kim SE, Ko IG, Kim BK, Shin MS, Cho S, Kim CJ, et al. Treadmill exer-

cise prevents aging-induced failure of memory through an increase
in neurogenesis and suppression of apoptosis in rat hippocam-
pus. Exp Gerontol. 2010;45(5):357-65. doi: 10.1016/j.exger.2010.02.005.
[PubMed: 20156544].


http://dx.doi.org/10.1172/JCI79742
http://www.ncbi.nlm.nih.gov/pubmed/25938784
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4497756
http://dx.doi.org/10.1016/j.ejmech.2017.07.070
http://www.ncbi.nlm.nih.gov/pubmed/28800454
http://dx.doi.org/10.1016/j.pharep.2014.09.004
http://www.ncbi.nlm.nih.gov/pubmed/25712639
http://dx.doi.org/10.1016/j.brainres.2008.02.080
http://www.ncbi.nlm.nih.gov/pubmed/18423578
http://www.ncbi.nlm.nih.gov/pubmed/15855338
http://dx.doi.org/10.1186/1472-6882-12-264
http://www.ncbi.nlm.nih.gov/pubmed/23267560
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3546073
http://dx.doi.org/10.1111/jdi.12235
http://www.ncbi.nlm.nih.gov/pubmed/25411593
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4210077
http://dx.doi.org/10.12965/jer.150198
http://www.ncbi.nlm.nih.gov/pubmed/25960981
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4415755
http://dx.doi.org/10.3892/etm.2013.1451
http://www.ncbi.nlm.nih.gov/pubmed/24520250
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3919853
http://dx.doi.org/10.12965/jer.140086
http://www.ncbi.nlm.nih.gov/pubmed/24678498
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3952831
http://dx.doi.org/10.1016/S1056-8727(02)00186-1
http://www.ncbi.nlm.nih.gov/pubmed/12505754
http://dx.doi.org/10.1016/j.exger.2010.02.005
http://www.ncbi.nlm.nih.gov/pubmed/20156544
http://ajaums.com

Omidi M et al.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

QuZS,Tian Q,Zhou XW, Wang Q, Zhang Q, WangJZ. [Mechanism of tau
hyperphosphorylation in brain cortex of diabetic rats and effect of
LiCl]. Zhongguo Yi Xue Ke Xue Yuan Xue Bao. 2006;28(2):244-8. Chinese.
[PubMed: 16733913].

Vandal M, White PJ, Chevrier G, Tremblay C, St-Amour I, Planel E, et
al. Age-dependent impairment of glucose tolerance in the 3xTg-AD
mouse model of Alzheimer’s disease. FASEB]. 2015;29(10):4273-84. doi:
10.1096/fj.14-268482. [PubMed: 26108977].

Liang KY, Mintun MA, Fagan AM, Goate AM, Bugg JM, Holtzman DM,
et al. Exercise and Alzheimer’s disease biomarkers in cognitively nor-
mal older adults. Ann Neurol. 2010;68(3):311-8. doi: 10.1002/ana.22096.
[PubMed: 20818789]. [PubMed Central: PMC2936720].

Liu Y, Liu F, Grundke-Igbal I, Igbal K, Gong CX. Deficient brain
insulin signalling pathway in Alzheimer’s disease and diabetes. |
Pathol. 2011;225(1):54-62. doi: 10.1002/path.2912. [PubMed: 21598254].
[PubMed Central: PMC4484598].

Liu F, Shi J, Tanimukai H, Gu ], Gu ], Grundke-Igbal I, et al. Re-
duced O-GlcNAcylation links lower brain glucose metabolism and
tau pathology in Alzheimer’s disease. Brain. 2009;132(Pt 7):1820-32.
doi: 10.1093/brain/awp099. [PubMed: 19451179]. [PubMed Central:
PM(C2702834].

Liu S], Wang JZ. Alzheimer-like tau phosphorylation induced by wort-
mannin in vivo and its attenuation by melatonin. Acta Pharmacol Sin.
2002;23(2):183-7. [PubMed: 11866882].

Bhat RV, Budd Haeberlein SL, Avila |. Glycogen synthase kinase 3: A
drug target for CNS therapies. | Neurochem. 2004;89(6):1313-7. doi:
10.1111/j.1471-4159.2004.02422.X. [PubMed: 15189333].

Hanger DP, Hughes K, Woodgett JR, Brion ]JP, Anderton BH. Glyco-
gen synthase kinase-3 induces Alzheimer’s disease-like phosphoryla-
tion of tau: generation of paired helical filament epitopes and neu-
ronal localisation of the kinase. Neurosci Lett. 1992;147(1):58-62. doi:
10.1016/0304-3940(92)90774-2. [PubMed: 1336152].

Paudel HK, Lew ], Ali Z, Wang JH. Brain proline-directed protein kinase
phosphorylates tau on sites that are abnormally phosphorylated in
tau associated with Alzheimer’s paired helical filaments. ] Biol Chem.
1993;268(31):23512-8. [PubMed: 8226879].

Hernandez F, Lucas ], Avila J. GSK3 and tau: Two convergence points
in Alzheimer’s disease. | Alzheimers Dis. 2013;33 Suppl 1:5141-4. doi:
10.3233/JAD-2012-129025. [PubMed: 22710914].

Pei J], Braak E, Braak H, Grundke-Igbal I, Igbal K, Winblad B, et al.
Distribution of active glycogen synthase kinase 3beta (GSK-3beta)
in brains staged for Alzheimer disease neurofibrillary changes. |
Neuropathol Exp Neurol. 1999;58(9):1010-9. doi: 10.1097/00005072-
199909000-00011. [PubMed: 10499443].

Biessels GJ, Reagan LP. Hippocampal insulin resistance and cognitive
dysfunction. Nat Rev Neurosci. 2015;16(11):660-71. doi: 10.1038/nrn4019.
[PubMed: 26462756].

Zhangy,ZhangZ,WangH, CaiN, Zhou S, ZhaoY, et al. Neuroprotective
effect of ginsenoside Rgl prevents cognitive impairment induced by
isoflurane anesthesia in aged rats via antioxidant, anti-inflammatory

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

and anti-apoptotic effects mediated by the PI3K/AKT/GSK-3beta path-
way. Mol Med Rep. 2016;14(3):2778-84. doi: 10.3892/mmr.2016.5556.
[PubMed: 27485139].

Wang X, Zhao L. Calycosin ameliorates diabetes-induced cogni-
tive impairments in rats by reducing oxidative stress via the
PI3K/Akt/GSK-3beta signaling pathway. Biochem Biophys Res Com-
mun. 2016;473(2):428-34. doi: 10.1016[j.bbrc.2016.03.024. [PubMed:
26970304].

Wang Y, Liu W, He X, Zhou F. Parkinson’s disease-associated DJ-
1 mutations increase abnormal phosphorylation of tau protein
through Akt/GSK-3beta pathways. ] Mol Neurosci. 2013;51(3):911-8. doi:
10.1007/s12031-013-0099-0. [PubMed: 23979838].

ZhangY,HuangNQ, YanF, Jin H, Zhou SY, Shi S, et al. Diabetes mellitus
and Alzheimer’s disease: GSK-3beta as a potential link. Behav Brain Res.

2018;339:57-65. doi: 10.1016[j.bbr.2017.11.015. [PubMed: 29158110].
Haan MN. Therapy Insight: Type 2 diabetes mellitus and the risk of
late-onset Alzheimer’s disease. Nat Clin Pract Neurol. 2006;2(3):159-66.
doi: 10.1038/ncpneuro0124. [PubMed: 16932542].

Papon MA, El Khoury NB, Marcouiller F, Julien C, Morin F, Bretteville
A, et al. Deregulation of protein phosphatase 2A and hyperphospho-
rylation of tau protein following onset of diabetes in NOD mice. Di-
abetes. 2013;62(2):609-17. doi: 10.2337/db12-0187. [PubMed: 22961084].
[PubMed Central: PMC3554372].

Li X, Lu F, Tian Q, Yang Y, Wang Q, Wang ]Z. Activation of glyco-
gen synthase kinase-3 induces Alzheimer-like tau hyperphospho-
rylation in rat hippocampus slices in culture. ] Neural Transm (Vi-
enna). 2006;113(1):93-102. doi: 10.1007/s00702-005-0303-7. [PubMed:
15959856].

Martin L, Magnaudeix A, Wilson CM, Yardin C, Terro F. The new indiru-
bin derivative inhibitors of glycogen synthase kinase-3, 6-BIDECO and
6-BIMYEO, prevent tau phosphorylation and apoptosis induced by
the inhibition of protein phosphatase-2A by okadaic acid in cultured
neurons. J Neurosci Res. 2011;89(11):1802-11. doi: 10.1002/jnr.22723.
[PubMed: 21826701].

Hashimoto M, SagaraY, Langford D, Everall IP, Mallory M, Everson A, et
al. Fibroblast growth factor 1 regulates signaling via the glycogen syn-
thase kinase-3beta pathway. Implications for neuroprotection. ] Biol
Chem. 2002;277(36):32985-91. doi: 10.1074/jbc.M202803200. [PubMed:
12095987].

Chavali PL, Saini RK, Matsumoto Y, Agren H, Funa K. Nuclear or-
phan receptor TLX induces Oct-3/4 for the survival and main-
tenance of adult hippocampal progenitors upon hypoxia. J Biol
Chem. 2011;286(11):9393-404. doi: 10.1074/jbc.M110.167445. [PubMed:
21135096]. [PubMed Central: PMC3059011].

Cheng SM, Ho TJ, Yang AL, Chen IJ, Kao CL, Wu EN, et al. Exercise
training enhances cardiac IGFI-R/PI3K/Akt and Bcl-2 family associated
pro-survival pathways in streptozotocin-induced diabetic rats. Int |
Cardiol. 2013;167(2):478-85. doi: 10.1016/j.ijcard.2012.01.031. [PubMed:
22341695].

Ann Mil Health Sci Res. 2018;16(3):85194.


http://www.ncbi.nlm.nih.gov/pubmed/16733913
http://dx.doi.org/10.1096/fj.14-268482
http://www.ncbi.nlm.nih.gov/pubmed/26108977
http://dx.doi.org/10.1002/ana.22096
http://www.ncbi.nlm.nih.gov/pubmed/20818789
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2936720
http://dx.doi.org/10.1002/path.2912
http://www.ncbi.nlm.nih.gov/pubmed/21598254
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4484598
http://dx.doi.org/10.1093/brain/awp099
http://www.ncbi.nlm.nih.gov/pubmed/19451179
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2702834
http://www.ncbi.nlm.nih.gov/pubmed/11866882
http://dx.doi.org/10.1111/j.1471-4159.2004.02422.x
http://www.ncbi.nlm.nih.gov/pubmed/15189333
http://dx.doi.org/10.1016/0304-3940(92)90774-2
http://www.ncbi.nlm.nih.gov/pubmed/1336152
http://www.ncbi.nlm.nih.gov/pubmed/8226879
http://dx.doi.org/10.3233/JAD-2012-129025
http://www.ncbi.nlm.nih.gov/pubmed/22710914
http://dx.doi.org/10.1097/00005072-199909000-00011
http://dx.doi.org/10.1097/00005072-199909000-00011
http://www.ncbi.nlm.nih.gov/pubmed/10499443
http://dx.doi.org/10.1038/nrn4019
http://www.ncbi.nlm.nih.gov/pubmed/26462756
http://dx.doi.org/10.3892/mmr.2016.5556
http://www.ncbi.nlm.nih.gov/pubmed/27485139
http://dx.doi.org/10.1016/j.bbrc.2016.03.024
http://www.ncbi.nlm.nih.gov/pubmed/26970304
http://dx.doi.org/10.1007/s12031-013-0099-0
http://www.ncbi.nlm.nih.gov/pubmed/23979838
http://dx.doi.org/10.1016/j.bbr.2017.11.015
http://www.ncbi.nlm.nih.gov/pubmed/29158110
http://dx.doi.org/10.1038/ncpneuro0124
http://www.ncbi.nlm.nih.gov/pubmed/16932542
http://dx.doi.org/10.2337/db12-0187
http://www.ncbi.nlm.nih.gov/pubmed/22961084
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3554372
http://dx.doi.org/10.1007/s00702-005-0303-7
http://www.ncbi.nlm.nih.gov/pubmed/15959856
http://dx.doi.org/10.1002/jnr.22723
http://www.ncbi.nlm.nih.gov/pubmed/21826701
http://dx.doi.org/10.1074/jbc.M202803200
http://www.ncbi.nlm.nih.gov/pubmed/12095987
http://dx.doi.org/10.1074/jbc.M110.167445
http://www.ncbi.nlm.nih.gov/pubmed/21135096
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3059011
http://dx.doi.org/10.1016/j.ijcard.2012.01.031
http://www.ncbi.nlm.nih.gov/pubmed/22341695
http://ajaums.com

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Animals and Treatment
	3.2. Induction of Diabetes
	3.3. Experimental Design
	3.4. Statistical Analyses

	4. Results
	Table 1
	Figure 1
	Table 2
	Table 3
	Figure 2
	Figure 3

	5. Discussion
	5.1. Conclusion

	Acknowledgments
	Footnotes
	Conflict of Interests: 
	Ethical Considerations: 
	Funding/Support: 

	References

