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EGZERSIZDE HORMONAL DEGISIMLER VE
DUZENLEME

Koksal SARIHAN'

Giris

Viicutta i¢ ortam kosullarinin dengede kalmasini saglayacak gesitli otonomik sis-
temler mevcuttur. Sinir sistemi ve endokrin sistem i¢ dengenin temininde gorevi
olan 6nemli iki sistemdir. Bu sistemler beraber fonksiyon goriirler ve néroendok-
rin sistem olarak da adlandirilirlar. Endokrin sistem kana hormon salgilayarak
gorev yaparken, sinir sistemi ise bilgi aktarimi i¢in ndrotransmitter adi verilen
kimyasal maddeleri kullanir.

Homeostazisin saglanmasindaki etkin rollerinden dolay1 hormonlar; yillardir
spor bilimcilerin {izerine yogunlastig1 konulardan biri haline gelmistir. Egzersiz,
insan viicudunda bazilar1 hormonal sistemde olmak tizere gesitli degisimlere yol
acabilir. Egzersiz sonucu goriilen degisimler, bazi enzimatik ve hormonal uyum-
lar1 da beraberinde getirmektedir. Bu boliimde egzersizlerin endokrin sistem tize-
rindeki etkileri ve yasanan degisimler sunulacaktir.

Endokrin Bezler ve Hormonlar

Endokrin sistem, cesitli hormonlar salgilayan bezlerden meydana gelir. Hipo-
talamus, tiroid, paratiroid, adrenal bezler ve gonadlar egzersize uyumda en fazla
6nemi olan endokrin bezlerdir.

Hipofiz bezi, beyin iginde hipotalamusun hemen altinda yer almaktadir. Anterior
ve posterior lob (sirayla adenohipofiz-norohipofiz) olarak adlandirilan iki ayr1
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le beraber bilinen endokrin bezler disindaki dokulardan kaynakli yeni hormon

benzeri maddeler de tanimlanmuistir. Bu boliimde egzersizlerin endokrin sistem

tizerindeki etkileri ve yasanan degisimler sunulmustur. Bu bilgiler egzersiz prog-

ram1 planlamasinda g6z 6niinde bulundurulmali ve ilerde yapilacak ¢alismalarla

da yeni veriler olusturulmalidur.

Kaynaklar

L.

10.

11.

12.

13.

14.

15.

Hackney AC, Dobridge JD. Thyroid hormones and the interrelationship of cortisol and prolactin:
Influence of prolonged, exhaustive exercise. Endokrynol Pol. 2009 Jul-Aug; 60(4): 252-7. PMID:
19753538.

Cano Sokoloff N, Misra M, Ackerman KE. Exercise, Training, and the hypothalamic-pituitary-go-
nadal axis in men and women. Front Horm Res. 2016; 47: 27-43. doi: 10.1159/000445154. Epub
2016 Jun 27. PMID: 27348623; PMCID: PMC7043068.

Pedersen BK, Hoffman-Goetz L. Exercise and the immune system: Regulation, integration, and
adaptation. Physiol Rev. 2000 Jul; 80(3): 1055-81. doi: 10.1152/physrev.2000.80.3.1055. PMID:
10893431.

Koz M, Akgiil M§, Atic1 E. Egzersizin endokrin sistem tizerine etkileri ve hormonal regiilasyonlar.
Turkiye Klinikleri ] Physiother Rehabil-Special Topics. 2016; 2(1): 48-56.

Braun B, Horton T. Endocrine regulation of exercise substrate utilization in women compared
to men. Exerc Sport Sci Rev. 2001 Oct;29(4):149-54. doi: 10.1097/00003677-200110000-00003.
PMID: 11688786.

Gokbel H, Dolek C. Egzersize bazi hormonal cevaplar. Spor Hekimligi Dergisi. 1998; 33: 87-94.
Ciloglu E, Peker I, Pehlivan A, Karacabey K, Ilhan N, Saygin O, Ozmerdivenli R. Exercise intensity
and its effects on thyroid hormones. Neuro Endocrinol Lett. 2005 Dec; 26(6): 830-4. Erratum in:
Neuro Endocrinol Lett. 2006 Jun;27(3):292. PMID: 16380698.

Premachandra BN, Winder WW, Hickson R, Lang S, Holloszy JO. Circulating reverse triiodothyro-
nine in humans during exercise. Eur ] Appl Physiol Occup Physiol. 1981; 47(3): 281-8. doi: 10.1007/
BF00422473. PMID: 7198038.

Cook KS, Min HY, Johnson D, Chaplinsky R]J, Flier JS, Hunt CR, Spiegelman BM. Adipsin: A cir-
culating serine protease homolog secreted by adipose tissue and sciatic nerve. Science. 1987 Jul 24;
237(4813): 402-5. doi: 10.1126/science.3299705. PMID: 3299705.

Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman JM. Positional cloning of the mouse
obese gene and its human homologue. Nature. 1994 Dec 1;372(6505):425-32. doi: 10.1038/372425a0.
Erratum in: Nature 1995 Mar 30;374(6521):479. PMID: 7984236.

Scherer PE. Adipose tissue: From lipid storage compartment to endocrine organ. Diabetes. 2006
Jun;55(6):1537-45. doi: 10.2337/db06-0263. PMID: 16731815.

Goldstein MS. Humoral Nature of the hypoglycemic factor of muscular work. Diabetes. 1961 May-
Jun; 10:232-4. doi: 10.2337/diab.10.3.232. PMID: 13706674.

Pedersen BK, Steensberg A, Fischer C, Keller C, Keller P, Plomgaard P, Febbraio M, Saltin B. Searc-
hing for the exercise factor: Is IL-6 a candidate? ] Muscle Res Cell Motil. 2003; 24(2-3): 113-9. doi:
10.1023/a:1026070911202. PMID: 14609022.

Pedersen BK, Febbraio MA. Muscles, exercise and obesity: Skeletal muscle as a secretory organ. Nat
Rev Endocrinol. 2012 Apr 3; 8(8): 457-65. doi: 10.1038/nrendo.2012.49. PMID: 22473333.

Handschin C, Choi CS, Chin S, Kim S, Kawamori D, Kurpad AJ, Neubauer N, Hu J, Mootha VK,

. 54 .



Egzersizde Hormonal Degisimler ve Diizenleme -

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Kim YB, Kulkarni RN, Shulman GI, Spiegelman BM. Abnormal glucose homeostasis in skeletal
muscle-specific PGC-1alpha knockout mice reveals skeletal muscle-pancreatic beta cell crosstalk.
J Clin Invest. 2007 Nov; 117(11): 3463-74. doi: 10.1172/JCI31785. PMID: 17932564; PMCID:
PMC2000810.

Zhang Y, Li R, Meng Y, Li S, Donelan W, Zhao Y, Qi L, Zhang M, Wang X, Cui T, Yang LJ, Tang D.
Irisin stimulates browning of white adipocytes through mitogen-activated protein kinase p38 MAP
kinase and erk MAP kinase signaling. Diabetes. 2014 Feb; 63(2): 514-25. doi: 10.2337/db13-1106.
Epub 2013 Oct 22. PMID: 24150604.

Huh JY, Mantzoros CS. Irisin physiology, oxidative stress, and thyroid dysfunction: What next?
Metabolism. 2015 Jul; 64(7): 765-7. doi: 10.1016/j.metabol.2015.02.009. Epub 2015 Apr 9. PMID:
25916681.

Huh JY, Mougios V, Kabasakalis A, Fatouros I, Siopi A, Douroudos I, Filippaios A, Panagiotou G,
Park KH, Mantzoros CS. Exercise-induced irisin secretion 1s independent of age or fitness level and
increased irisin may directly modulate muscle metabolism through AMPK activation. J Clin En-
docrinol Metab. 2014 Nov; 99(11):E2154-61. doi: 10.1210/jc.2014-1437. Epub 2014 Aug 13. PMID:
25119310.

Huh JY, Siopi A, Mougios V, Park KH, Mantzoros CS. Irisin in response to exercise in humans
with and without metabolic syndrome. J Clin Endocrinol Metab. 2015 Mar; 100(3): E453-7. doi:
10.1210/jc.2014-2416. Epub 2014 Dec 16. PMID: 25514098.

Singhal V, Lawson EA, Ackerman KE, Fazeli PK, Clarke H, Lee H, Eddy K, Marengi DA, Derrico
NP, Bouxsein ML, Misra M. Irisin levels are lower in young amenorrheic athletes compared with
eumenorrheic athletes and non-athletes and are associated with bone density and strength estima-
tes. PLoS One. 2014 Jun 13; 9(6): €100218. doi: 10.1371/journal.pone.0100218. PMID: 24926783;
PMCID: PMC4057451.

Huh JY, Panagiotou G, Mougios V, Brinkoetter M, Vamvini MT, Schneider BE, Mantzoros CS.
FNDCS5 and Irisin in Humans: I. Predictors of Circulating Concentrations in Serum and Plasma
and II. mRNA Expression and Circulating Concentrations in Response to Weight Loss and Exerci-
se. Metabolism. 2012 Dec; 61(12): 1725-38. doi: 10.1016/j.metabol.2012.09.002. Epub 2012 Sep 25.
PMID: 23018146; PMCID: PMC3614417.

Friedman JM. The function of leptin in nutrition, weight, and physiology. Nutr Rev. 2002 Oct; 60(10
Pt 2): S1-14; discussion S68-84, 85-7. doi: 10.1301/002966402320634878. PMID: 12403078.

Pagano C, Marzolo M, Granzotto M, Ricquier D, Federspil G, Vettor R. Acute effects of exercise on

circulating leptin in lean and genetically obese fa/fa rats. Biochem Biophys Res Commun. 1999 Feb
24; 255(3): 698-702. doi: 10.1006/bbrc.1999.0272. PMID: 10049773.

Landt M, Lawson GM, Helgeson JM, Davila-Roman VG, Ladenson JH, Jaffe AS, Hickner RC. Pro-
longed exercise decreases serum leptin concentrations. Metabolism. 1997 Oct;46(10):1109-12. doi:
10.1016/50026-0495(97)90200-6. PMID: 9322790.

Bezci §, Kaya Y. The analyze of hemetological parameters of elite women taeckwondoers before and
after training. Pamukkale Journal of Sport Science. 2010; 1(2): 1-16.

Kraemer WJ, Ratamess NA. Hormonal responses and adaptations to resistance exercise and trai-
ning. Sports Med. 2005; 35(4): 339-61. doi: 10.2165/00007256-200535040-00004. PMID: 15831061.

Ahtiainen JP, Pakarinen A, Kraemer W7, Hakkinen K. Acute hormonal responses to heavy resistan-
ce exercise in strength athletes versus nonathletes. Can J Appl Physiol. 2004 Oct; 29(5): 527-43. doi:
10.1139/h04-034. PMID: 15507691.

Ahtiainen JP, Pakarinen A, Alen M, Kraemer WJ, Hakkinen K. Short vs. long rest period between
the sets in hypertrophic resistance training: influence on muscle strength, size, and hormonal adap-
tations in trained men. J Strength Cond Res. 2005 Aug; 19(3): 572-82. doi: 10.1519/15604.1. PMID:



- Spor Rehabilitasyonu

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

16095405.

Kraemer W7, Hikkinen K, Newton RU, Nindl BC, Volek JS, McCormick M, Gotshalk LA, Gordon
SE, Fleck SJ, Campbell WW, Putukian M, Evans WJ. Effects of heavy-resistance training on hormo-
nal response patterns in younger vs. older men. J Appl Physiol (1985). 1999 Sep; 87(3): 982-92. doi:
10.1152/jappl.1999.87.3.982. PMID: 10484567.

Kasimay O, Metin G. Exercise in Chronic Disaases. Klinik Gelisgim Dergisi. 2009; 22(1): 44-9.

O’Gorman DJ, Karlsson HK, McQuaid S, Yousif O, Rahman Y, Gasparro D, Glund S, Chibalin AV,
Zierath JR, Nolan JJ. Exercise training increases insulin-stimulated glucose disposal and GLUT4
(SLC2A4) protein content in patients with type 2 diabetes. Diabetologia. 2006 Dec; 49(12): 2983-92.
doi: 10.1007/s00125-006-0457-3. Epub 2006 Sep 26. PMID: 17019595.

Galbo H, Tobin L, van Loon L]. Responses to acute exercise in type 2 diabetes, with an emphasis
on metabolism and interaction with oral hypoglycemic agents and food intake. Appl Physiol Nutr
Metab. 2007 Jun; 32(3): 567-75. doi: 10.1139/H07-029. PMID: 17510698.

Horton ES. Diabetes mellitus. In: Frontera WR, Slovik DM, Dawson MD, eds. Exercise and Reha-
bilitation Medicine. 2nded. Illinois: Human Kinetics; 2006. p.144-56.

Can S, Ersoz G. Tip 2 Diabetes mellitus tedavisinde egzersizin yeri ve énemi. Turkiye Klinikleri J
Sports Sci. 2013; 5(1): 29-38.

Koz M, Ers6z G. Type 2 Diabetes mellitus and exercise. Klinik Bilimler & Doctor. 2002; 8(6): 701-8.

Cormack SJ, Newton RU, McGuigan MR. Neuromuscular and endocrine responses of elite players
to an Australian rules football match. Int J Sports Physiol Perform. 2008 Sep; 3(3): 359-74. doi:
10.1123/ijspp.3.3.359. PMID: 19211947.

Elloumi M, Maso E Michaux O, Robert A, Lac G. Behaviour of saliva cortisol [C], testosterone
[T] and the T/C ratio during a rugby match and during the post-competition recovery days. Eur J
Appl Physiol. 2003 Sep; 90(1-2): 23-8. doi: 10.1007/s00421-003-0868-5. Epub 2003 May 29. PMID:
12783234.

Kraemer WJ, Spiering BA, Volek JS, Martin GJ, Howard RL, Ratamess NA, Hatfield DL, Vingren
JL, Ho JY, Fragala MS, Thomas GA, French DN, Anderson JM, Hikkinen K, Maresh CM. Recovery
from a national collegiate athletic association division I football game: muscle damage and hormo-
nal status. J Strength Cond Res. 2009 Jan; 23(1): 2-10. doi: 10.1519/JSC.0b013e31819306f2. PMID:
19077734.

Gregory SM, Spiering BA, Alemany JA, Tuckow AP, Rarick KR, Staab JS, Hatfield DL, Kraemer
W], Maresh CM, Nindl BC. Exercise-induced insulin-like growth factor I system concentra-
tions after training in women. Med Sci Sports Exerc. 2013 Mar; 45(3): 420-8. doi: 10.1249/MSS.
0b013e3182750bd4. PMID: 23034644.

Berg U, Bang P. Exercise and circulating insulin-like growth factor I. Horm Res. 2004;62 Suppl 1:50-
8. doi: 10.1159/000080759. PMID: 15761233.

Hackney AC. Exercise as a stressor to the human neuroendocrine system. Medicina (Kaunas).
2006;42(10):788-97. PMID: 17090977.

Hackney AC, Lane AR. Exercise and the regulation of endocrine hormones. Prog Mol Biol Transl
Sci. 2015; 135: 293-311. doi: 10.1016/bs.pmbts.2015.07.001. Epub 2015 Aug 5. PMID: 26477919.

Hackney AC. Stress and the neuroendocrine system: the role of exercise as a stressor and modifier
of stress. Expert Rev Endocrinol Metab. 2006 Nov 1; 1(6): 783-792. doi: 10.1586/17446651.1.6.783.
PMID: 20948580; PMCID: PM(C2953272.

Katayama K, Saito M. Muscle sympathetic nerve activity during exercise. J Physiol Sci. 2019 Jul;
69(4): 589-598. doi: 10.1007/s12576-019-00669-6. Epub 2019 May 3. PMID: 31054082.

Steensberg A, Fischer CP, Keller C, Moller K, Pedersen BK. IL-6 enhances plasma IL-1ra, IL-10,

« BB -



Egzersizde Hormonal Degisimler ve Diizenleme -

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

and cortisol in humans. Am J Physiol Endocrinol Metab. 2003 Aug; 285(2): E433-7. doi: 10.1152/
ajpendo.00074.2003. PMID: 12857678.

Hackney AC. Effects of endurance exercise on the reproductive system of men: the “exercise-hypo-
gonadal male condition”. ] Endocrinol Invest. 2008 Oct; 31(10): 932-8. doi: 10.1007/BF03346444.
PMID: 19092301.

Robson-Ansley PJ, Lakier Smith L. Causes of extreme fatigue in underperforming athletes — a synt-
hesis of recent hypotheses and reviews. SAJSM. 2006; 18 (4): 108-14.

Barreés R, Yan J, Egan B, Treebak JT, Rasmussen M, Fritz T, Caidahl K, Krook A, O'Gorman DJ,
Zierath JR. Acute exercise remodels promoter methylation in human skeletal muscle. Cell Metab.
2012 Mar 7; 15(3): 405-11. doi: 10.1016/j.cmet.2012.01.001. PMID: 22405075.

Fowden AL, Forhead AJ. Hormones as epigenetic signals in developmental programming. Exp
Physiol. 2009 Jun; 94(6): 607-25. doi: 10.1113/expphysiol.2008.046359. Epub 2009 Feb 27. PMID:
19251980.

Civan A, Ozdemir 1, Gencer YG, Durmaz M. Egzersiz ve stres hormonlart. Tiirkiye Spor Bilimleri Dergisi.
2018;2(1): 1-14.

Madden KS, Felten DL. Experimental basis for neural-immune interactions. Physiol Rev. 1995 Jan; 75(1):
77-106. doi: 10.1152/physrev.1995.75.1.77. PMID: 7831399.

Yadav R, Yadav N, Kharya MD. Steroid chemistry and steroid hormone action: a review. Asian ] Research
Chem. 2014; 7(11): 964-9.

Zouhal H, Lemoine-Morel S, Mathieu ME, Casazza GA, Jabbour G. Catecholamines and obesity: effects
of exercise and training. Sports Med. 2013 Jul; 43(7): 591-600. doi: 10.1007/s40279-013-0039-8. PMID:
23613311.

Aydin C, Gokdemir K, Cicioglu 1. Aerobik ve anaerobik egzersiz sonrast insiilin ve kan glikoz degerlerinin
incelenmesi. Hacettepe Journal of Sports Science. 2000; 1(2): 47-55.

Godfrey RJ, Blazevich AJ. Exercise and growth hormone in the aging individual, with special reference to
the exercise-induced growth hormone response. Int Sport Med Journal. 2004; 5(4): 246-61.

Hakkinen K, Pakarinen A, Kraemer WJ, Newton RU, Alen M. Basal concentrations and acute responses of
serum hormones and strength development during heavy resistance training in middle-aged and elderly
men and women. ] Gerontol A Biol Sci Med Sci. 2000 Feb; 55(2): B95-105. doi: 10.1093/gerona/55.2.b95.
PMID: 10737684.

Black LE, Swan PD, Alvar BA. Effects of intensity and volume on insulin sensitivity during acute bouts of
resistance training. J Strength Cond Res. 2010 Apr; 24(4): 1109-16. doi: 10.1519/JSC.0b013e3181cbab6d.
PMID: 20093961.

Narkar VA, Downes M, Yu RT, Embler E, Wang YX, Banayo E, Mihaylova MM, Nelson MC, Zou Y,
Juguilon H, Kang H, Shaw R], Evans RM. AMPK and PPARdelta agonists are exercise mimetics. Cell.
2008 Aug 8; 134(3): 405-15. doi: 10.1016/j.cell.2008.06.051. Epub 2008 Jul 31. PMID: 18674809; PMCID:
PMC2706130.

Bostrém B, Wu J, Jedrychowski MP, Korde A, Ye L, Lo JC, Rasbach KA, Bostrom EA, Choi JH, Long JZ,
Kajimura S, Zingaretti MC, Vind BE, Tu H, Cinti S, Hejlund K, Gygi SP, Spiegelman BM. A PGCl-a-de-
pendent myokine that drives brown-fat-like development of white fat and thermogenesis. Nature. 2012 Jan
11;481(7382):463-8. doi: 10.1038/nature10777. PMID: 22237023; PMCID: PMC3522098.

Huh JY, Mougios V, Skraparlis A, Kabasakalis A, Mantzoros CS. Irisin in response to acute and chronic
whole-body vibration exercise in humans. Metabolism. 2014 Jul; 63(7): 918-21. doi: 10.1016/j.meta-
b01.2014.04.001. Epub 2014 Apr 5. PMID: 24814685.

Huh JY, Mougios V, Kabasakalis A, Fatouros I, Siopi A, Douroudos II, Filippaios A, Panagiotou G, Park
KH, Mantzoros CS. Exercise-induced irisin secretion is independent of age or fitness level and increased
irisin may directly modulate muscle metabolism through AMPK activation. J Clin Endocrinol Metab.

~ B7 -



- Spor Rehabilitasyonu

62.
63.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

2014 Nov; 99(11): E2154-61. doi: 10.1210/jc.2014-1437. Epub 2014 Aug 13. PMID: 25119310.
Wilding JP. Leptin and the control of obesity. Curr Opinion in Pharmacology. 2001; 1: 656-61.

Van Harmelen V, Reynisdottir S, Eriksson P, Thorne A, Hoffstedt J, Lonngvist E Arner P. Leptin secretion
from subcutaneous and visceral adipose tissue in women. Diabetes. 1998 Jun; 47(6): 913-7. doi: 10.2337/
diabetes.47.6.913. PMID: 9604368.

Shimizu H, Shimomura Y, Nakanishi Y, Futawatari T, Ohtani K, Sato N, Mori M. Estrogen increases in
vivo leptin production in rats and human subjects. ] Endocrinol. 1997 Aug; 154(2): 285-92. doi: 10.1677/
joe.0.1540285. PMID: 9291839.

Clayton PE, Gill MS, Hall CM, Tillmann V, Whatmore AJ, Price DA. Serum leptin through childhood and
adolescence. Clin Endocrinol (Oxf). 1997 Jun; 46(6): 727-33. doi: 10.1046/j.1365-2265.1997.2081026.x.
PMID: 9274704.

Hackney CA, Viru A. Research methodology: endocrinologic measurements in exercise science and
sports medicine. ] Athl Train. 2008; 43 (6): 631-39.

Duclos M, Tabarin A. Exercise and the hypothalamo-pituitary-adrenal axis. Front Horm Res. 2016;47:12-
26. doi: 10.1159/000445149. Epub 2016 Jun 27. PMID: 27348531.

Eliakim A. Endocrine response to exercise and training-closing the gaps. Pediatr Exerc Sci. 2016 May;
28(2): 226-32. doi: 10.1123/pes.2015-0244. PMID: 27137169.

De Souza MJ, Nattiv A, Joy E, Misra M, Williams NI, Mallinson R], Gibbs JC, Olmsted M, Goolsby M,
Matheson G; Expert Panel. 2014 Female Athlete Triad Coalition Consensus Statement on Treatment and
Return to Play of the Female Athlete Triad: 1st International Conference held in San Francisco, California,
May 2012 and 2nd International Conference held in Indianapolis, Indiana, May 2013. Br J Sports Med.
2014 Feb;48(4):289. doi: 10.1136/bjsports-2013-093218. PMID: 24463911.

Eliakim A, Cooper D, Nemet D. Cytokine response to typical field sports practices in adolescent athletes.
Acta Kynesiol. 2015; 21:25-39.

Nemet D, Eliakim A. Growth hormone-insulin-like growth factor-1 and inflammatory response to a sing-
le exercise bout in children and adolescents. Med Sport Sci. 2010; 55: 141-155. doi: 10.1159/000321978.
Epub 2010 Oct 14. PMID: 20956866.

Ince I, Ulupinar S, Ozbay S. Body composition isokinetic knee extensor strength and balance as predictors
of competition performance in junior weightlifters. Isokietics and Exercise Science. 2020; 28 (2): 215-22.
Hackney AC, Koltun KJ. The immune system and overtraining in athletes: clinical implications. Acta Clin
Croat. 2012 Dec; 51(4): 633-41. PMID: 23540172.

West DW, Phillips SM. Anabolic processes in human skeletal muscle: restoring the identities of growth
hormone and testosterone. Phys Sportsmed. 2010 Oct; 38(3): 97-104. doi: 10.3810/psm.2010.10.1814.
PMID: 20959702.

WKraemer WJ, Ratamess NA, Komi P. Endocrine Responses and Adaptations to Strength and Power
Training. Strength and Power in Sport. 2003; 2:361-86.

Goodman HM. Endocrinology concepts for medical students. Adv Physiol Educ. 2001 Dec; 25(1-4): 213-
24. doi: 10.1152/advances.2001.25.4.213. PMID: 11824201.



