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Giriş

Obezite, dünya çapında önemli bir sağlık so-
runudur. Obezite; tip-2 diyabet, dislipidemi, hi-
pertansiyon, kardiyovasküler komplikasyonlar, 
kanser ve osteoartrit için önemli risk faktörüdür. 
Obezite, multifaktöriyel bir hastalıktır ve proble-
min merkezinde vücuttaki enerji dengesizliği yer 
almaktadır. Dünya çapında, obeziteyi azaltmak 
veya kontrol etmek giderek büyüyen bir hedef 
haline gelmiştir. Obezitenin önlenmesi ve tedavi-
si için farmakolojik seçenekler hala çok sınırlıdır. 
Bu nedenle yeni ilaçların geliştirilmesine ihtiyaç 
vardır. Mevcut çabalar, yağ doku fizyolojisini 
daha iyi anlayarak ve yeterli işlevlerini sürdürme-
sini sağlayarak obezite ve ilişkili hastalıkları azalt-
mayı amaçlamaktadır. Adipositlerde birçok iyon 
kanalı tanımlanmıştır. Yağ dokuda iyon kanalları, 
adipogenez, termojenez gibi mekanizmaları dü-
zenlemektedir. İyon kanallarının hedeflenmesi, 
obezitenin tedavisinde önemli bir terapötik po-
tansiyel oluşturmaktadır. Bu bölümde iyon kanal-

larının yağ dokudaki etki mekanizmaları, obezite 
gelişimindeki etkileri ve güncel bilgiler eşliğinde 
potansiyel obezite tedavisi hedefleri hakkında 
bilgi verilecektir.

1. Obezite ve Tedavisinde Güncel 
Yaklaşımlar

Obezite, dünya çapında önemli bir sağlık so-
runu haline gelmiştir. Ülkemizde obezite preva-
lansı, hem yetişkinlerde hem de çocuklarda son 
yirmi yılda önemli ölçüde artmıştır. Ülkemizdeki 
obezite prevalansı 2010 yılındaki verilere göre 
%36’ya ulaşmıştır (1). Kardiyovasküler komplikas-
yonlar, insülin direnci ve tip-2 diyabet, dislipide-
mi, kanser, osteoartrit ve kronik böbrek hastalığı 
gibi obeziteye bağlı komplikasyonlar yaşamı teh-
dit etmektedir. Obezite ve buna bağlı kompli-
kasyonların oluşturduğu ekonomik yük artmaya 
devam etmektedir (2). Obezitenin en önemli ne-
densel faktörü, enerji alımı ve enerji harcamasın-
daki dengesizliktir ve bu dengesizlikte beslenme 
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kanalları yağ dokuda termojenez, adipogenez, 
kahverengileşme gibi birçok mekanizmayı dü-
zenlemektedir. Kalsiyum, potasyum kanalları, 
nikotinik reseptörler, pürinerjik reseptörler ve 
transient reseptör potansiyel kanalları bu me-
kanizmalarda etkilidir. Son zamanlarda yapılan 
birçok çalışma iyon kanallarının hedeflenmesi-
nin obezite tedavisinde etkili olacağını göster-
miştir. Bununla birlikte, yağ doku fizyolojisini ve 
iyon kanallarının rolünü anlamak için daha fazla 
çalışmaya ihtiyaç vardır. İyon kanallarının meka-
nizmalarını ve fizyolojisini anlamak, obezite ve 
ilişkili metabolik bozuklukların tedavisi için daha 
güvenli ve etkili terapötik ajanların geliştirilmesi-
ni sağlayacaktır.

KAYNAKÇA

1.	 Erem C. Prevalence of overweight and obesity in 
Turkey. IJC Metabolic & Endocrine. 2015;8:38-41.

2.	 Tremmel M, Gerdtham UG, Nilsson PM, Saha 
S. Economic Burden of Obesity: A Systematic Li-
terature Review. Int J Environ Res Public Health. 
2017;14(4).

3.	 Bocchieri LE, Meana M, Fisher BL. A review of psy-
chosocial outcomes of surgery for morbid obesity. 
J Psychosom Res. 2002;52(3):155-65.

4.	 Williams DM, Nawaz A, Evans M. Drug Therapy in 
Obesity: A Review of Current and Emerging Treat-
ments. Diabetes Ther. 2020;11(6):1199-216.

5.	 Wing RR, Phelan S. Long-term weight loss mainte-
nance. Am J Clin Nutr. 2005;82(1 Suppl):222S-5S.

6.	 Hanipah ZN, Schauer PR. Surgical Treatment of 
Obesity and Diabetes. Gastrointest Endosc Clin N 
Am. 2017;27(2):191-211.

7.	 Kang JG, Park CY. Anti-Obesity Drugs: A Review 
about Their Effects and Safety. Diabetes Metab J. 
2012;36(1):13-25.

8.	 Nuffer WA, Trujillo JM. Liraglutide: A New Option 
for the Treatment of Obesity. Pharmacotherapy. 
2015;35(10):926-34.

9.	 Cinti S. The adipose organ. Prostaglandins Leukot 
Essent Fatty Acids. 2005;73(1):9-15.

10.	Wu J, Bostrom P, Sparks LM, Ye L, Choi JH, Giang 
AH, et al. Beige adipocytes are a distinct type of 
thermogenic fat cell in mouse and human. Cell. 
2012;150(2):366-76.

11.	Cannon B, Nedergaard J. Brown adipose tissue: 
function and physiological significance. Physiol 
Rev. 2004;84(1):277-359.

12.	Sharp LZ, Shinoda K, Ohno H, Scheel DW, Tomoda 
E, Ruiz L, et al. Human BAT possesses molecular 

signatures that resemble beige/brite cells. PLoS 
One. 2012;7(11):e49452.

13.	Cypess AM, Lehman S, Williams G, Tal I, Rodman 
D, Goldfine AB, et al. Identification and importan-
ce of brown adipose tissue in adult humans. N 
Engl J Med. 2009;360(15):1509-17.

14.	Argyropoulos G, Harper ME. Uncoupling prote-
ins and thermoregulation. J Appl Physiol (1985). 
2002;92(5):2187-98.

15.	Jessen N. Brown adipose tissue as a potential the-
rapeutic target in obesity therapy. HEART AND 
METABOLISM. 2016:21.

16.	Pfannenberg C, Werner MK, Ripkens S, Stef I, De-
ckert A, Schmadl M, et al. Impact of age on the 
relationships of brown adipose tissue with sex and 
adiposity in humans. Diabetes. 2010;59(7):1789-
93.

17.	Ouellet V, Routhier-Labadie A, Bellemare W, Lak-
hal-Chaieb L, Turcotte E, Carpentier AC, et al. 
Outdoor temperature, age, sex, body mass index, 
and diabetic status determine the prevalence, 
mass, and glucose-uptake activity of 18F-FDG-de-
tected BAT in humans. J Clin Endocrinol Metab. 
2011;96(1):192-9.

18.	Townsend K, Tseng Y-H. Brown adipose tissue: 
recent insights into development, metabolic 
function and therapeutic potential. Adipocyte. 
2012;1(1):13-24.

19.	Heaney J. Energy: Expenditure, Intake, Lack of. 
In: Gellman MD, Turner JR, eds. Encyclopedia of 
Behavioral Medicine. New York, NY: Springer New 
York; 2013:699-700.

20.	Tseng YH, Cypess AM, Kahn CR. Cellular bioener-
getics as a target for obesity therapy. Nat Rev Drug 
Discov. 2010;9(6):465-82.

21.	Kim SH, Plutzky J. Brown Fat and Browning for the 
Treatment of Obesity and Related Metabolic Di-
sorders. Diabetes Metab J. 2016;40(1):12-21.

22.	Gray SL, Vidal-Puig AJ. Adipose tissue expandabi-
lity in the maintenance of metabolic homeostasis. 
Nutr Rev. 2007;65(6 Pt 2):S7-12.

23.	Zhai M, Yang D, Yi W, Sun W. Involvement of cal-
cium channels in the regulation of adipogenesis. 
Adipocyte. 2020;9(1):132-41.

24.	Otto TC, Lane MD. Adipose development: from 
stem cell to adipocyte. Crit Rev Biochem Mol Biol. 
2005;40(4):229-42.

25.	Niemeyer BA, Mery L, Zawar C, Suckow A, Monje 
F, Pardo LA, et al. Ion channels in health and disea-
se. 83rd Boehringer Ingelheim Fonds International 
Titisee Conference. EMBO Rep. 2001;2(7):568-73.

26.	Li H. TRP Channel Classification. Adv Exp Med Biol. 
2017;976:1-8.

27.	Zhu Z, Luo Z, Ma S, Liu D. TRP channels and their 
implications in metabolic diseases. Pflugers Arch. 
2011;461(2):211-23.



 Obezite Tedavisinde Hedeflenen İyon Kanalları 303

28.	Venkatachalam K, Montell C. TRP channels. Annu 
Rev Biochem. 2007;76:387-417.

29.	Bishnoi M, Khare P, Brown L, Panchal SK. Transient 
receptor potential (TRP) channels: a metabolic 
TR(i)P to obesity prevention and therapy. Obes 
Rev. 2018;19(9):1269-92.

30.	Gao P, Yan Z, Zhu Z. The role of adipose TRP chan-
nels in the pathogenesis of obesity. J Cell Physiol. 
2019;234(8):12483-97.

31.	Owsianik G, D’Hoedt D, Voets T, Nilius B. Stru-
cture-function relationship of the TRP channel 
superfamily. Rev Physiol Biochem Pharmacol. 
2006;156:61-90.

32.	Tominaga M, Tominaga T. Structure and function 
of TRPV1. Pflugers Arch. 2005;451(1):143-50.

33.	Zhang LL, Yan Liu D, Ma LQ, Luo ZD, Cao TB, Zhong 
J, et al. Activation of transient receptor potential 
vanilloid type-1 channel prevents adipogenesis 
and obesity. Circ Res. 2007;100(7):1063-70.

34.	Baskaran P, Krishnan V, Ren J, Thyagarajan B. Cap-
saicin induces browning of white adipose tissue 
and counters obesity by activating TRPV1 chan-
nel-dependent mechanisms. Br J Pharmacol. 
2016;173(15):2369-89.

35.	Bartelt A, Heeren J. Adipose tissue browning 
and metabolic health. Nat Rev Endocrinol. 
2014;10(1):24-36.

36.	Ludy MJ, Moore GE, Mattes RD. The effects of 
capsaicin and capsiate on energy balance: critical 
review and meta-analyses of studies in humans. 
Chem Senses. 2012;37(2):103-21.

37.	Sun W, Li C, Zhang Y, Jiang C, Zhai M, Zhou Q, et 
al. Gene expression changes of thermo-sensitive 
transient receptor potential channels in obese 
mice. Cell Biol Int. 2017;41(8):908-13.

38.	Kojima I, Nagasawa M. Trpv2. Handb Exp Pharma-
col. 2014;222:247-72.

39.	Sun W, Uchida K, Suzuki Y, Zhou Y, Kim M, Taka-
yama Y, et al. Lack of TRPV2 impairs thermoge-
nesis in mouse brown adipose tissue. EMBO Rep. 
2016;17(3):383-99.

40.	Sun W, Uchida K, Takahashi N, Iwata Y, Wakabayas-
hi S, Goto T, et al. Activation of TRPV2 negatively 
regulates the differentiation of mouse brown adi-
pocytes. Pflugers Arch. 2016;468(9):1527-40.

41.	Sun W, Uchida K, Tominaga M. TRPV2 regulates 
BAT thermogenesis and differentiation. Channels 
(Austin). 2017;11(2):94-6.

42.	Shibasaki K, Suzuki M, Mizuno A, Tominaga M. Ef-
fects of body temperature on neural activity in the 
hippocampus: regulation of resting membrane 
potentials by transient receptor potential vanilloid 
4. J Neurosci. 2007;27(7):1566-75.

43.	Ye L, Kleiner S, Wu J, Sah R, Gupta RK, Banks AS, et 
al. TRPV4 is a regulator of adipose oxidative me-

tabolism, inflammation, and energy homeostasis. 
Cell. 2012;151(1):96-110.

44.	Mercado J, Baylie R, Navedo MF, Yuan C, Scott JD, 
Nelson MT, et al. Local control of TRPV4 chan-
nels by AKAP150-targeted PKC in arterial smooth 
muscle. J Gen Physiol. 2014;143(5):559-75.

45.	Kashio M, Tominaga M. The TRPM2 channel: A 
thermo-sensitive metabolic sensor. Channels 
(Austin). 2017;11(5):426-33.

46.	Knowles H, Li Y, Perraud AL. The TRPM2 ion chan-
nel, an oxidative stress and metabolic sensor re-
gulating innate immunity and inflammation. Im-
munol Res. 2013;55(1-3):241-8.

47.	Zhang Z, Zhang W, Jung DY, Ko HJ, Lee Y, Friedline 
RH, et al. TRPM2 Ca2+ channel regulates energy 
balance and glucose metabolism. Am J Physiol En-
docrinol Metab. 2012;302(7):E807-16.

48.	Peier AM, Moqrich A, Hergarden AC, Reeve 
AJ, Andersson DA, Story GM, et al. A TRP chan-
nel that senses cold stimuli and menthol. Cell. 
2002;108(5):705-15.

49.	Ma S, Yu H, Zhao Z, Luo Z, Chen J, Ni Y, et al. Acti-
vation of the cold-sensing TRPM8 channel triggers 
UCP1-dependent thermogenesis and prevents 
obesity. J Mol Cell Biol. 2012;4(2):88-96.

50.	Rossato M, Granzotto M, Macchi V, Porzionato A, 
Petrelli L, Calcagno A, et al. Human white adipocy-
tes express the cold receptor TRPM8 which activa-
tion induces UCP1 expression, mitochondrial acti-
vation and heat production. Mol Cell Endocrinol. 
2014;383(1-2):137-46.

51.	Valli V, Heilmann K, Danesi F, Bordoni A, Gerha-
user C. Modulation of Adipocyte Differentiation 
and Proadipogenic Gene Expression by Sulforap-
hane, Genistein, and Docosahexaenoic Acid as a 
First Step to Counteract Obesity. Oxid Med Cell 
Longev. 2018;2018:1617202.

52.	Ouadid-Ahidouch H, Ahidouch A. K(+) channels 
and cell cycle progression in tumor cells. Front 
Physiol. 2013;4:220.

53.	Ramirez-Ponce MP, Mateos JC, Bellido JA. Human 
adipose cells have voltage-dependent potassium 
currents. J Membr Biol. 2003;196(2):129-34.

54.	Hu H, He ML, Tao R, Sun HY, Hu R, Zang WJ, et al. 
Characterization of ion channels in human preadi-
pocytes. J Cell Physiol. 2009;218(2):427-35.

55.	Muller CE, Baqi Y, Namasivayam V. Agonists and 
Antagonists for Purinergic Receptors. Methods 
Mol Biol. 2020;2041:45-64.

56.	Lee SC, Vielhauer NS, Leaver EV, Pappone PA. Dif-
ferential regulation of ca(2+) signaling and memb-
rane trafficking by multiple p2 receptors in brown 
adipocytes. J Membr Biol. 2005;207(3):131-42.

57.	Peterson HR, Rothschild M, Weinberg CR, Fell RD, 
McLeish KR, Pfeifer MA. Body fat and the activity 



Obeziteye Multidisipliner Bakış304

of the autonomic nervous system. N Engl J Med. 
1988;318(17):1077-83.

58.	Tozzi M, Novak I. Purinergic Receptors in Adipose 
Tissue As Potential Targets in Metabolic Disorders. 
Front Pharmacol. 2017;8:878.

59.	Gnad T, Scheibler S, von Kugelgen I, Scheele C, Kilic 
A, Glode A, et al. Adenosine activates brown adi-
pose tissue and recruits beige adipocytes via A2A 
receptors. Nature. 2014;516(7531):395-9.

60.	Lee H, Jun DJ, Suh BC, Choi BH, Lee JH, Do MS, 
et al. Dual roles of P2 purinergic receptors in in-
sulin-stimulated leptin production and lipolysis in 
differentiated rat white adipocytes. J Biol Chem. 
2005;280(31):28556-63.

61.	Madec S, Rossi C, Chiarugi M, Santini E, Salvati 
A, Ferrannini E, et al. Adipocyte P2X7 receptors 
expression: a role in modulating inflammatory 
response in subjects with metabolic syndrome? 
Atherosclerosis. 2011;219(2):552-8.

62.	Burnstock G, Gentile D. The involvement of pu-
rinergic signalling in obesity. Purinergic Signal. 
2018;14(2):97-108.

63.	Dong Q, Ginsberg HN, Erlanger BF. Overexpressi-
on of the A1 adenosine receptor in adipose tissue 
protects mice from obesity-related insulin resis-
tance. Diabetes Obes Metab. 2001;3(5):360-6.

64.	Wilding JP. Leptin and the control of obesity. Curr 
Opin Pharmacol. 2001;1(6):656-61.

65.	Rice AM, Fain JN, Rivkees SA. A1 adenosine recep-
tor activation increases adipocyte leptin secreti-
on. Endocrinology. 2000;141(4):1442-5.

66.	Cheng JT, Liu IM, Chi TC, Shinozuka K, Lu FH, Wu 
TJ, et al. Role of adenosine in insulin-stimulated 
release of leptin from isolated white adipocytes of 
Wistar rats. Diabetes. 2000;49(1):20-4.

67.	Laplante MA, Monassier L, Freund M, Bousquet P, 
Gachet C. The purinergic P2Y1 receptor supports 
leptin secretion in adipose tissue. Endocrinology. 
2010;151(5):2060-70.

68.	Schaaf CP. Nicotinic acetylcholine receptors in hu-
man genetic disease. Genet Med. 2014;16(9):649-
56.

69.	Somm E. Nicotinic cholinergic signaling in adipose 
tissue and pancreatic islets biology: revisited fun-
ction and therapeutic perspectives. Arch Immunol 
Ther Exp (Warsz). 2014;62(2):87-101.

70.	Audrain-McGovern J, Benowitz NL. Cigarette smo-
king, nicotine, and body weight. Clin Pharmacol 
Ther. 2011;90(1):164-8.

71.	Martinez de Morentin PB, Whittle AJ, Ferno J, No-
gueiras R, Dieguez C, Vidal-Puig A, et al. Nicotine 
induces negative energy balance through hypot-
halamic AMP-activated protein kinase. Diabetes. 
2012;61(4):807-17.

72.	Seoane-Collazo P, Dieguez C, Nogueiras R, Rah-
mouni K, Fernandez-Real JM, Lopez M. Nicotine’ 
actions on energy balance: Friend or foe? Pharma-
col Ther. 2021;219:107693.

73.	Wager-Srdar SA, Levine AS, Morley JE, Hoidal JR, 
Niewoehner DE. Effects of cigarette smoke and 
nicotine on feeding and energy. Physiol Behav. 
1984;32(3):389-95.

74.	Arai K, Kim K, Kaneko K, Iketani M, Otagiri A, Ya-
mauchi N, et al. Nicotine infusion alters leptin and 
uncoupling protein 1 mRNA expression in adipo-
se tissues of rats. Am J Physiol Endocrinol Metab. 
2001;280(6):E867-76.

75.	Cancello R, Zulian A, Maestrini S, Mencarelli M, 
Della Barba A, Invitti C, et al. The nicotinic acety-
lcholine receptor alpha7 in subcutaneous mature 
adipocytes: downregulation in human obesity and 
modulation by diet-induced weight loss. Int J Obes 
(Lond). 2012;36(12):1552-7.

76.	Consolim-Colombo FM, Sangaleti CT, Costa FO, 
Morais TL, Lopes HF, Motta JM, et al. Galantamine 
alleviates inflammation and insulin resistance in 
patients with metabolic syndrome in a randomi-
zed trial. JCI Insight. 2017;2(14).

77.	Mineur YS, Abizaid A, Rao Y, Salas R, DiLeone RJ, 
Gundisch D, et al. Nicotine decreases food inta-
ke through activation of POMC neurons. Science. 
2011;332(6035):1330-2.

78.	Fink SA, Williams JA. Adrenergic receptors media-
ting depolarization in brown adipose tissue. Am J 
Physiol. 1976;231(3):700-6.

79.	Clemmensen C, Jall S, Kleinert M, Quarta C, Gru-
ber T, Reber J, et al. Coordinated targeting of cold 
and nicotinic receptors synergistically impro-
ves obesity and type 2 diabetes. Nat Commun. 
2018;9(1):4304.

80.	Clapham DE. Calcium signaling. Cell. 
2007;131(6):1047-58.

81.	Koch GL. The endoplasmic reticulum and calcium 
storage. Bioessays. 1990;12(11):527-31.

82.	Shi H, Halvorsen YD, Ellis PN, Wilkison WO, Ze-
mel MB. Role of intracellular calcium in human 
adipocyte differentiation. Physiol Genomics. 
2000;3(2):75-82.

83.	El Hachmane MF, Ermund A, Brannmark C, Olof-
sson CS. Extracellular ATP activates store-ope-
rated Ca(2+) entry in white adipocytes: functi-
onal evidence for STIM1 and ORAI1. Biochem J. 
2018;475(3):691-704.

84.	Graham SJ, Black MJ, Soboloff J, Gill DL, Dziadek 
MA, Johnstone LS. Stim1, an endoplasmic reti-
culum Ca2+ sensor, negatively regulates 3T3-L1 
pre-adipocyte differentiation. Differentiation. 
2009;77(3):239-47.



 Obezite Tedavisinde Hedeflenen İyon Kanalları 305

85.	Zemel MB, Kim JH, Woychik RP, Michaud EJ, Ka-
dwell SH, Patel IR, et al. Agouti regulation of int-
racellular calcium: role in the insulin resistance 
of viable yellow mice. Proc Natl Acad Sci U S A. 
1995;92(11):4733-7.

86.	Kim JH, Mynatt RL, Moore JW, Woychik RP, Mous-
taid N, Zemel MB. The effects of calcium channel 
blockade on agouti‐induced obesity. The FASEB 
Journal. 1996;10(14):1646-52.

87.	Yoshida T, Umekawa T, Wakabayashi Y, Sakane N, 
Kondo M. Mechanism of anti-obesity action of 
benidipine hydrochloride in mice. Int J Obes Relat 
Metab Disord. 1994;18(11):776-9.

88.	Zemel MB. Regulation of adiposity and obesity 
risk by dietary calcium: mechanisms and implicati-
ons. J Am Coll Nutr. 2002;21(2):146S-51S.

89.	Schrager S. Dietary calcium intake and obesity. J 
Am Board Fam Pract. 2005;18(3):205-10.

90.	Zhang C, Miller CL, Brown EM, Yang JJ. The calcium 
sensing receptor: from calcium sensing to signa-
ling. Science China Life Sciences. 2015;58(1):14-
27.


