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3. Follistatin (activin-binding protein)
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1. Myostatin
2. Transforming growth factor beta (TGF-p)
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1. mammalian target of rapamycin
2. The 70 kDa ribosomal S6 kinase



QLB ¥ 8l Y 890 ()59 50 oy 9 STl ;8 S dgT & plS Vo7

(B°) d9d o0 ymin 9IS padnlin § gl 4 Cunglie
W1 co adgm] 4 Cenglio Segs clalllas gl bl
GLUTA _lral> GLUTA flo il G o
JES oo 3l Jlad Al jo (ae lis sgway
Sl (2als (BV) (dae oLl 5l (el
Seoglie g0 42 ¥ g9 ol 5 (pms Gl 51 (AL (a3
Gl pizmen LOY) 0gd e (eudl 4
a gesly 3 TNF-0t 5 1L-6 aile ol (glaoyuS stoles
Bk ) Odadl 4 Conlis Gl o (Soglie (py o3
Soete eyl (Sloyplay o alie olie (g5l
ol by slaaiil elal s ol pogdle (BY) aiiky
o8l s Geilivlnale alS (3g) guvad 45 a0 Hlaiay
G 5038505 s gl s amglie Sgage b il 53
4 Caglie g 59l lysd )0 (9098 90 (nl (cenlas
Al (el gl
oslidss 5 oltiolple a5 cul ad ol
a5 Wil las bogi w13 50 kS Slagyge,90
4 Cwglie 5 S5l pucdglie melals )0 age A
Olie 2l Giagh 5o (VY S oo Ll 55 el gl
il rals giaglie (el 05,5 )0 (udgadl 4y Coaglie
Sels g bl et il Lo wlss pl oS
a2 oo lid il Olaslie .l piiasg bl
S8 G2 (5551 erlptlin iS5 ilialyle 45
Gl 4 btse o Guilivlple Bi> a5 sbay
Sl bl b 5 S9b o e (27 el
a5 el oals ealy flad ol dawdl 4 Caeglie
5 Oyl A Cuglie b8l L sbinlgle Sla i
a8 g 00g w8l pegdle ilivlgle as ‘_;ol_‘.u_‘;.‘a—l
sogdle g olen (gl 4y Coslus 390 b (Dlae
B Skl oS b livlale e ol

‘M ‘5:).> uﬁl.: QM 6‘09.@59 9 tﬁ")’ uw‘w‘

Aome 5o bl dsd (o ol (il g ilinlnle
ae SIpbie Condg o9 Nbled ( Dlae oLl
5 s PLA & pegdle (yizren ol (IS
Slgige i Gilinlple Slds (Soeys0 Cunds
5= 3 (59 0l IL-15 o550 oy S gl il o
B
GRS 55 ey oo Sl (FY) (Saglie o ped 4 by
il 4Bl 28 oy iliulle e

9509 Sl 4 ko il g olie (53l
5 05 )5 el S5 ol S8 dont 4o Wl s
5 ol (FA) il gen 305 4 Sl dlac
o (o0)y9 Sodlad aS wisle lis (V-VP) oS
Y oge cabo yo ouliulsd 9 FGF21 &5 sl
Wy oo pgs £98 ubid Gloyd 5 35t sl &S 5d e
@ ly bl Jg cate Ol sy e cul ail S5e
(F) wiols Cod 516l 5 gl cile ol i
Sldobe 5 b b gl 4 565 cons 21381
Ol g8 g pi5 5 Ol S 4 (lgilin) (gouS
ol Ghagh 3 (FR) d9doe e 93 A5 4
Lot gy o go503] po 0551515 Sl i vz o
(V Jga2) oy elgd azgi OLLS 12l 4 az g
olper olialJg Giule, Gl &5 e 54,
A (gl (2305 4 ()5l 50 55 WSl (nlS g
bl A g il adls Gutiulple oo )0 (soge
9 Sl & 6,5l Ho Sl dlae - aS
S0 oo lis |y

2 Seglie (nyed SRl ol aghy slaaidly
Odgil g 5615 alS doe il )0 (e ganil s Coaglie 99
et 53 S oo Cole ¥ g5 ol haialle 55 ooy
Looljon gioglie i yed pol> g5 b gunod g ale)

Sorpe a4 2lBa Seglie (pyed 35 g )y LRelS



Veg colid adliw wiall (1050 58 (Joglile (2 po Atid Culid 4y (o0 puw (riliwl J9d g (i liwlgn Lo Oy

aS ol gl ol iegh lbadl fgemxe o
Oyl @ Cuoglie D9 @y Wi ge Seglie (2 yel
aiadles (18 0 4o bl Jo8 ol g slivlgsle zals
99 Ol ys & dasly (Saglie G ped dnl )3 (gl &
9 o0 Sty L bl 5 linlnle (5090
55 02l St 5 S 5380 (o) ool Slalllas o o5
Sl lulyd o wS s Sl dlae cdl s e 90
s gle Sy jskiea ualle 5 cubs wile
A (IS jsbar 025 O jge (45,9 Dlo e Jleim
Ot ot Wlgh oo Saglie (naped & Swyo0
baSpdas 58 9 gl A Ceeglae Baimdsguge
Ceoglin 5 LdSul dlac 8055 pulais (o 1.5 0 sloyge 90
I8 b 5 anelle dnsle o ped dely y0 oyl gl &
W

‘5”\3)\.\5 9 )&Aiﬁg

5 & SpaS ohalls B (glKen b alia oy
I oS chn A5 @l e sfSan rizan
alewg iy ol a3 5 olosl 5 5 Sy ple olKasls
Ohlews 5 Lapgy yo HFauses lie AlS Slex;

w5y b oadadss glatse po ) Gedsadl 4 Cnlis
» oslinlgle J31OF) widn o Semy wyz (2l
Sl dlae 3l ot 50 Wil e S5 il pilie
alae ;5 piliulpnle (Slosely e ki 456 sbas il
I it S ) el 4 Conles
4 Cuglie saals olst olp Jhas! slelSgsle
Sl Wl eoilinlyle EalS dn 48 cnlyed
(B0) el fydguns] & Canglin LYo 51 a5 wisly TNF-au
P AMPK 55Lolsd 2 (e 1503 )8 55ke cnl nogdle
el g SIS Cdx v Cibinlnle 8l A
@ s AMPK ol oo (5,158 d gl 40 Cnglite
czge aSh edioe e (257 OgemlieaST (2l
Lie & GLUTA Jlrals dhulga 5565 Qi il
Silodld a5 w0 Shaia ulple LOY) Sed
alas cuis ol liolgle jrals axs 0 AMPK
5 o S el glp labasly ((eglie o ped
2 0 525 el J58 Bl el gendl i Cunglio S50
wtasl b Jolss @yb 5l Sledl 5 dgnsl a0 Cuoglie
i g Jlasl b aS g b 0,13 56 TGF-b oslgils
L.(0F) sl oo A (1 5.2ST g pilinlgle g0 2 (0,8
g Ghae b3y il o Gululg BE 4 4y
Orbslple 8BS e Slrear (gl 4y Cueglie

S5 e edgendl 4 Sl (il 4 Wl e

»T.og@b.o

1. Johnson S, Imai Si. NAD+ biosynthesis, aging, and disease. F1000Research. 2018;7.
2. Ebrahimi H, Emamian MH, Hashemi H, Fotouhi A. High Incidence of Diabetes Mellitus
Among a Middle-Aged Population in Iran: A Longitudinal Study. Canadian journal of

diabetes. 2016;40(6):570-5.

3. Irvine C, Taylor NF. Progressive resistance exercise improves glycaemic control in people
with type 2 diabetes mellitus: a systematic review. Australian Journal of Physiotherapy.

2009;55(4):237-46.



bl ¥ 8 )l 1) 5590 ()59 30 Cu pho 9 (5999 1S (S gy & il VoA

4. diabetes Burden C-K. Prevalence of diabetes and impaired fasting glucose in the adult
population of Iran. Diabetes Care. 2008;31:96-8.

5. Scheen A. Diabetes mellitus in the elderly: insulin resistance and/or impaired insulin
secretion? Diabetes & metabolism. 2005;31:5527-5S34.

6. Evans W. Functional and metabolic consequences of sarcopenia. The Journal of nutrition.
1997;127(5):998S-1003S.

7. Mogi M, Horiuchi M. Diabetes and Sarcopenia. Diabetes and Aging-related Complications:
Springer; 2018. p. 141-51.

8. Park SW, Goodpaster BH ,Lee JS, Kuller LH, Boudreau R, De Rekeneire N, et al. Excessive
loss of skeletal muscle mass in older adults with type 2 diabetes. Diabetes care. 2009.

9. Neil A, Sarah K, Mike B, Thomas L, Joshua J, Darryn S. Effect of resistance exercise
intensity on the expression of PGC-1i+isoforms and the anabolic and catabolic signaling
mediators, IGF-1 and myostatin, in human skeletal muscle. Applied Physiology, Nutrition,
and Metabolism. 2016.

10. McPherron AC, Lawler AM, Lee S-J. Regulation of skeletal muscle mass in mice by a new
TGF-p superfamily member. Nature. 1997;387(6628):83.

11. Murach KA. To Hypertrophy and Beyond! Myostatin and its Association to Intermuscular
Adipose Tissue with Exercise and Aging. American Journal of Physiology-Regulatory,
Integrative and Comparative Physiology. 2018.

12. Tanaka M, Masuda S, Yamakage H, Inoue T, Ohue-Kitano R, Yokota S, et al. Role of
serum myostatin in the association between hyperinsulinemia and muscle atrophy in
Japanese obese patients. Diabetes research and clinical practice. 2018.

13. Hittel DS, Berggren JR, Shearer J, Boyle K, Houmard JA. Increased secretion and
expression of myostatin in skeletal muscle from extremely obese women. Diabetes. 2008.

14. Zhang C, McFarlane C, Lokireddy S, Bonala S, Ge X, Masuda S .et al. Erratum
to:'Inhibition of myostatin protects against diet-induced obesity by enhancing fatty acid
oxidation and promoting a brown adipose phenotype in mice'and'Myostatin-deficient mice
exhibit reduced insulin resistance through activating the AMP-activated protein kinase
signalling pathway'. Diabetologia. 2015;58(3):643.

15. Camporez J-PG, Petersen MC, Abudukadier A, Moreira GV, Jurczak MJ, Friedman G, et
al. Anti-myostatin antibody increases muscle mass and strength and improves insulin
sensitivity in old mice. Proceedings of the National Academy of Sciences. 2016:201525795.

16. Dong J, Dong Y, Chen F, Mitch W, Zhang L. Inhibition of myostatin in mice improves
insulin sensitivity via irisin-mediated cross talk between muscle and adipose tissues .
International journal of obesity. 2016;40(3):434.

17. Zhang C, McFarlane C, Lokireddy S, Bonala S, Ge X, Masuda S, et al. Myostatin-deficient
mice exhibit reduced insulin resistance through activating the AMP-activated protein kinase
signalling pathway .Diabetologia. 2011;54(6):1491-501.

18. Brandt C, Nielsen AR, Fischer CP, Hansen J, Pedersen BK, Plomgaard P. Plasma and
muscle myostatin in relation to type 2 diabetes. PL0oS One. 2012;7(5):e37236.



Veg colid adliw wiall (1050 58 (Joglile (2 po Atid Culid 4y (o0 puw (riliwl J9d g (i liwlgn Lo Oy

19. Jones KL, Mansell A, Patella S, Scott BJ, Hedger MP, de Kretser DM, et al. Activin Ais a
critical component of the inflammatory response, and its binding protein, follistatin, reduces
mortality in endotoxemia. Proceedings of the National Academy of Sciences.
2007;104(41):16239-44.

20. Hansen JS, Rutti S, Arous C, Clemmesen JO, Secher NH, Drescher A, et al. Circulating
follistatin is liver-derived and regulated by the glucagon-to-insulin ratio. The Journal of
Clinical Endocrinology & Metabolism. 2016;101(2):550-60.

21. Hansen J, Rinnov A, Krogh-Madsen R, Fischer CP, Andreasen AS, Berg RMG, et al.
Plasma follistatin is elevated in patients with type 2 diabetes: relationship to hyperglycemia,
hyperinsulinemia, and systemic low-grade inflammation. Diabetes/metabolism research and
reviews. 2013;29(6):463-72.

22. de Kretser DM, O’Hehir RE, Hardy CL, Hedger MP. The roles of activin A and its binding
protein, follistatin, in inflammation and tissue repair. Molecular and cellular endocrinology.
2012;359(1-2):101-6.

23. Ansari AM, Bhat KG, Dsa SS, Mahalingam S, Joseph N. Study of Insulin Resistance in
Patients With B Thalassemia Major and Validity of Triglyceride Glucose (TYG) Index.
Journal of pediatric hematology/oncology. 2018;40(2):128-31.

24. Azari N, Rahmati M, Fathi M. THE EFFECTS OF ENDURANCE EXERCISE ON
BLOOD GLUCOSE, INSULIN AND INSULIN RESISTANCE IN PATIENTS WITH
TYPE Il DIABETES: A SYSTEMATIC REVIEW AND META-ANALYSIS OF
STUDIES IN IRAN. Iranian Journal of Diabetes and Metabolism. 2018;17(2):65-78.

25. Jorge MLMP, de Oliveira VN, Resende NM, Paraiso LF, Calixto A, Diniz ALD, et al. The
effects of aerobic, resistance, and combined exercise on metabolic control, inflammatory
markers, adipocytokines, and muscle insulin signaling in patients with type 2 diabetes
mellitus. Metabolism. 2011;60(9):1244-52.

26. Ibafiez J, l1zquierdo M, Arguelles I, Forga L, Larrion JL, Garcia-Unciti M, et al. Twice-
weekly progressive resistance training decreases abdominal fat and improves insulin
sensitivity in older men with type 2 diabetes. Diabetes care. 2005;28(3):662-7.

27. Lee J, Kim D, Kim C. Resistance training for glycemic control, muscular strength, and lean
body mass in old type 2 diabetic patients: a meta-analysis. Diabetes Therapy. 2017;8(3):459-
73.

28. Verdijk LB, Snijders T, Drost M, Delhaas T, Kadi F, Van Loon LJ. Satellite cells in human
skeletal muscle; from birth to old age. Age. 2014;36(2):545-57.

29. Bellamy LM, Joanisse S, Grubb A, Mitchell CJ, McKay BR, Phillips SM, et al. The acute
satellite cell response and skeletal muscle hypertrophy following resistance training. PloS
one. 2014;9(10):e109739.

30. Kazemi F. The correlation of resistance exercise-induced myostatin with insulin resistance
and plasma cytokines in healthy young men. Journal of endocrinological investigation.
2016;39(4):383-8.



WWAA Glowali oF 65Lols 1Y 895 «(95)9 30 Sy 9 (S3909 78 S gy & pild "

31. Nicklas BJ ,Chmelo E, Delbono O, Carr JJ, Lyles MF, Marsh AP. Effects of resistance
training with and without caloric restriction on physical function and mobility in overweight
and obese older adults: a randomized controlled trial-. The American journal of clinical
nutrition. 2015;101(5):991-9.

32. Yoh K. Diabetes mellitus and exercise. Clinical calcium. 2006;16(8):1367-72.

33. Castaneda C, Layne JE, Munoz-Orians L, Gordon PL, Walsmith J, Foldvari M, et al. A
randomized controlled trial of resistance exercise training to improve glycemic control in
older adults with type 2 diabetes. Diabetes care. 2002;25(12):2335-41.

34. Bottaro M, Machado SN, Nogueira W, Scales R, Veloso J. Effect of high versus low-
velocity resistance training on muscular fitness and functional performance in older men.
European journal of applied physiology. 2007;99(3):257-64.

35. Cummings DM, Henes S, Kolasa KM, Olsson J, Collier D. Insulin resistance status:
Predicting weight response in overweight children. Archives of pediatrics & adolescent
medicine. 2008;162(8):764-8.

36. Distefano G, Goodpaster BH. Effects of exercise and aging on skeletal muscle. Cold Spring
Harbor perspectives in medicine. 2018;8(3):a029785.

37. Viana JU, Dias JMD, Batista PP, Silva SLdA, Dias RC, Lustosa LP. Effect of a resistance
exercise program for sarcopenic elderly women: quasi-experimental study. Fisioterapia em
Movimento. 2018;31.

38. Fortes MAS, Pinheiro CHJ, Guimaraes-Ferreira L, Vitzel KF, Vasconcelos DA, Curi R.
Overload-induced skeletal muscle hypertrophy is not impaired in STZ-diabetic rats.
Physiological reports. 2015;3(7).

39. Winbanks CE, Weeks KL, Thomson RE, Sepulveda PV, Beyer C, Qian H, et al. Follistatin-
mediated skeletal muscle hypertrophy is regulated by Smad3 and mTOR independently of
myostatin .J Cell Biol. 2012:jcb. 201109091.

40. Rodriguez J, Vernus B, Chelh I, Cassar-Malek I, Gabillard J-C, Sassi AH, et al. Myostatin
and the skeletal muscle atrophy and hypertrophy signaling pathways. Cellular and molecular
life sciences. 2014;71(22):4361-71.

41. Marine DA, Fabrizzi F, Nonaka KO, de Oliveira Duarte ACG, de Oliveira AM. Myostatin
and Follistatin mRNA Expression in Castrated Rats Submitted to Resistance Training.
Journal of Exercise Physiology Online. 2018;21(1):162-72.

42. Nucci RAB, Teodoro ACdS, Krause Neto W, Silva WdA, de Souza RR, Anaruma CA, et
al. Effects of testosterone administration on liver structure and function in aging rats. The
Aging Male. 2017;20(2):134-7.

43. Attarzadeh Hosseini SR, Moeinnia N, Motahari Rad M. The effect of two intensities
resistance training on muscle growth regulatory myokines in sedentary young women.
Obesity Medicine. 2017;2.

44. Willoughby DS. Effects of heavy resistance training on myostatin mRNA and protein
expression. Medicine and science in sports and exercise. 2004;36(4):574-82.



MY g9 Cobd M wsalle (10 0 53 (oglio o yod dlhd Culed &y (o0 puw (Ll J g g (iliwlgalo Ol yundi

45. Motevalli MS, Dalbo VJ, Attarzadeh RS, Rashidlamir A, Tucker PS, Scanlan AT. The
effect of rate of weight reduction on serum myostatin and follistatin concentrations in
competitive wrestlers. International journal of sports physiology and performance.
2015;10(2):139-46.

46. Louis E, Raue U, Yang Y, Jemiolo B, Trappe S. Time course of proteolytic, cytokine, and
myostatin gene expression after acute exercise in human skeletal muscle. Journal of applied
physiology. 2007;103(5): 1744-51.

47. Shamsi MM, Hassan Z, Gharakhanlou R, Quinn L, Azadmanesh K, Baghersad L, et al.
Expression of interleukin-15 and inflammatory cytokines in skeletal muscles of STZ-
induced diabetic rats: effect of resistance exercise training. Endocrine. 20.14;46 (1)60-9

48. Hansen J, Brandt C, Nielsen AR, Hojman P, Whitham M, Febbraio MA, et al. Exercise
induces a marked increase in plasma follistatin: evidence that follistatin is a contraction-
induced hepatokine. Endocrinology. 2011;152(1):164-71.

49. Hansen JS, Pedersen BK, Xu G, Lehmann R, Weigert C, Plomgaard P. Exercise-induced
secretion of FGF21 and follistatin are blocked by pancreatic clamp and impaired in type 2
diabetes. The Journal of Clinical Endocrinology & Metabolism. 2016;101(7):2816-25.

50. Ferrara CM, Goldberg AP, Ortmeyer HK, Ryan AS. Effects of aerobic and resistive
exercise training on glucose disposal and skeletal muscle metabolism in older men. The
Journals of Gerontology Series A: Biological Sciences and Medical Sciences.
2006;61(5).480-7.

51. Holten MK, Zacho M, Gaster M, Juel C, Wojtaszewski JF, Dela F. Strength training
increases insulin-mediated glucose uptake, GLUT4 content, and insulin signaling in skeletal
muscle in patients with type 2 diabetes. Diabetes. 2004;53(2):294-305.

52. Mathur N, Pedersen BK. Exercise as a mean to control low-grade systemic inflammation.
Mediators of inflammation. 2008;2008.

53. Hotamisligil GS. Inflammation and metabolic disorders. Nature. 2006;444(7121):860.

54. Guo T, Jou W, Chanturiya T, Portas J ,Gavrilova O, McPherron AC. Myostatin inhibition
in muscle, but not adipose tissue, decreases fat mass and improves insulin sensitivity. PloS
one. 2009;4(3):e4937.

55. Plomgaard P, Bouzakri K, Krogh-Madsen R, Mittendorfer B, Zierath JR, Pedersen BK.
Tumor necrosis factor-a induces skeletal muscle insulin resistance in healthy human
subjects via inhibition of Akt substrate 160 phosphorylation. Diabetes. 2005;54(10):2939-
45.

56. Eckardt K, Gorgens SW, Raschke S, Eckel J. Myokines in insulin resistance and type 2
diabetes. Diabetologia. 2014;57(6):1087-99.



Vol. 11, No.2, Summer 2019 14

Changes in Serum Myostatin and Follistatin to 8 Weeks of Resistance
Training in Elderly Men with Type 2 Diabetes

Javad Tolouei Azar *! - Fatemeh Shabkhiz 2 - Mousa Khalafi *

1. Assistant Professor of Exercise Physiology, Faculty of Sport Sciences, Urmia
University, Urmia, Iran 2. Associate Professor of Exercise Physiology, Faculty of
Physical Education and Sport Sciences, University of Tehran, Tehran, Iran 3. PhD
Student of Exercise Physiology, Faculty of Physical Education and Sport Sciences,
University of Guilan, Guilan, Iran
(Received: 2018/06/08;Accepted: 2018/10/14)

Abstract

The aim of this study was to investigate the effect of eight weeks of resistance training
on serum levels of myostatin, follistatin and insulin resistance in elderly men with
type 2 diabetes. For this purpose, 20 elderly men with type 2 diabetes (age: 72.45 *
4.97, weight: 79.70 £ 12.57, BMI: 27.91 £ 4.07) were selected and randomly divided
into two groups: resistance training (n = 10) and control (n = 10). The resistance
training group performed 8 movements in 3 sets with 10 repetitions at 70% 1RM for 8
weeks, 3 sessions per week. Blood samples were collected at baseline and 48 hours
following the last training session. The paired t test and ANCOVA were used to
analyze data in the significance level of 0.05. The results of intra-group data analysis
showed that 8 weeks of resistance training significantly increased lower and upper
extremity strength (P=0.001) and serum levels of follistatin (P=0.008), and
significantly decreased serum levels of myostatin (P=0.03), insulin, glucose and
insulin resistance index (P=0.001) in elderly men with type 2 diabetes. Also,
intergroup changes showed that resistance training group showed a significant
increase in lower and upper extremity strength (P=0.001) and serum levels of
follistatin (P=0.01) and a significant decrease in serum levels of myostatin (P=0.01),
insulin, glucose and insulin resistance index (P=0.001). Resistance training program
with follistatin upregulation and myostatin downregulation influences the
improvement of the metabolism of glucose degraded by insulin resistance in the
elderly with type 2 diabetes which also affects muscle strength.
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