Melatonin supplementation
for metabolic disease
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Erland LA, Saxena PK. Melatonin Natural Health Products and Supplements: Presence of Serotonin and Significant Variability of Melatonin Content. J Clin Sleep Med. 2017 Feb 15;13(2):275-281.
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* Free radical-scavenger
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* Free radical-scavenger
* NO formation2 7t A A]7|= nitric oxide synthase (NOS) &/d
= AA
 Antioxidative defense system = enzymes <3} (in vitro)
* Free radical®] &M 7d3}, T, G =510|H 52 Mgty At

* Energy metabolism

 Chronobiology, circadian regulation ®3t ofy 2} 2Fd, &~ 2]
= 9]| T+ energy metabolism 9] 7| (in vitro)

* Adipose tissue
« MT1-mediated melatonin action = adipocyte 2] insulin-
induced leptin synthesis and release 732} (in vitro)

Cipolla-Neto ], Amaral FG, Afeche SC, Tan DX, Reiter R]. Melatonin, energy metabolism, and obesity: a review. ] Pineal Res. 2014 May;56(4):371-81.



* Glucose regulation

¢ Insulin®]| A}=%! visceral white adipocytes with melatonin 2]
glucose uptake -7} (in vitro)

¢ MT-1 & MT-2 mediated melatonin = pancreatic islets 2]
glucose-stimulated insulin secretion 7t A (rat)

 Adenylate cyclase/cAMP system 24|, cGMP 7ZF 4 - Glucose-
& forskolin induced insulin secretion 2 A]|

« B A7 5H melatonin action 2 morning hyperglycemia
« B9} 2, Insulin©] pineal gland 2] norepinephrine(NE)-
stimulated melatonin production 742} (in vitro)

Cipolla-Neto ], Amaral FG, Afeche SC, Tan DX, Reiter R]. Melatonin, energy metabolism, and obesity: a review. ] Pineal Res. 2014 May;56(4):371-81.



* Glucose regulation

 MT1 membrane receptor = rapid tyrosine phosphorylation
and activation of tyrosine Kinase [3-subunit of insulin receptor
—> mobilize intracellular transduction steps of the insulin-

signaling pathway
* Pinealectomy: insulin resistance, glucose intolerance 57}

* Pinealectomized animal: insulin-sensitive tissue 2] GLUT4
mRNA 7t 4, microsomal & membrane protein contents Zr A
- melatonin £ 0 2 3] &

Cipolla-Neto ], Amaral FG, Afeche SC, Tan DX, Reiter R]. Melatonin, energy metabolism, and obesity: a review. ] Pineal Res. 2014 May;56(4):371-81.
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otonin and Significant Variability of Melatonin Content. ] Clin Sleep Med. 2017 Feb 15;13(2):275-281.
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Antioxidant

 Antioxidant enzymes AJAF S-7}

« NF-kB activity 2 A]|
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Melatonina} ZAHX|Hf

« Melatonin ©| energy metabolism, metabolic disturbance= 7§/
e Lipolysis 7=

« pinealectomy ¥F-2 %] 2] lipogenesis’} 57} (rat)
* Brown adipose tissue(BAT) expand (rat, sheep, hamster, rabbit)
« Mitochondria®] heat generation, BAT hypertrophy

« Melatonin 597} mitochondria protein &2 =0| 1 BAT
proliferation & BAT2] thermogenic capacits = (hamster) i
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Tan DX, Manchester LC, Fuentes-Broto L, Paredes SD, Reiter R]. Significance and application of melatonin in the regulation of brown adipose tissue metabolism: relation to human obesity. Obes Rev. 2011
Mar;12(3):167-88.
https://ko.wikipedia.org/wiki/Z-7}2] o} A E]



* Melatonin©] ZAAI S &/dst A|7]= 7|4 713
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Figure 5 Open in figure viewer ‘ ¥ PowerPoint

The potential mechanisms by which melatonin activates brown adipose tissue. +,
stimulatory; ?, questionable; 5'-D,, type 2 thyroxine 5'-deiodinase; o, oq-
adrenergic receptor; B3, Bs-adrenergic receptor; G, G protein; MT1, melatonin
membrane receptor 1; NE, norepinepherine; SCN, suprachiasmatic nuclei; T4,
thyroxine; T3, tri-iodothyronine; UCP1, uncoupling protein 1. Dashed arrow, multi-
steps; solid triangles, melatonin; solid pointed columns, noradrenaline.

Tan DX, Manchester LC, Fuentes-Broto L, Paredes SD, Reiter R]. Significance and application of melatonin in the regulation of brown adipose tissue metabolism: relation to human obesity. Obes Rev. 2011
Mar;12(3):167-88.
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Melatonin 2} H|QF 2H2q H

« TUAS 2 o o/4d 812 U4 S = double-blind, placebo-

controlled study

o HFof melatonin 1 or 3mg / placebo 1{ 7 2-&

« Melatonin +-9]| A] fat mass -6.9%, lean mass +3.3%(BMI ¥.7&
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Amstrup AK, Sikjaer T, Pedersen SB, Heickendorff L, Mosekilde L, Rejnmark L. Reduced fat mass and increased lean mass in response to 1 year of melatonin treatment in postmenopausal women: A
randomized placebo-controlled trial. Clin Endocrinol (0xf). 2016 Mar



StALo Al melatonin 10mg £ = $]2F 30 Fof, &

e Melatoninv- 2]0] Q)= A5 7t A, adiponectin 571, ¢ F+2 &
d

tive stress oAl =7 HAn

a
« Melatonino] A&7 =, antioxidant defense, adipokine 4|

q—_]_’_— _7|<_. S MEL group (n = 15) PL group (n = 15)
Palameter
Baseline After treatment P value Baseline After treatment P value
Melatonin (ng/L) 30.7+6.37 33.7+4.96 0.44 34.0+2.55 250+1.79 0.014
HNE (ug/L) 8.19 +1.36 8.48 +1.20 0.51 7.86 +0.68 184 +6.1 0.044
Adiponectin (mg/L)  2.82+0.17 346 +0.18 0029 3.17+0.36 3.05+0.56 0.70
Serum Omentin-1 (pg/L)  380.1+16.2 4689+16.7 0.0044 383.2+20.8 3964+304 0.82
Leptin (ug/L) 33.1+4.385 36.6 +5.76 0.70 36.9+3.36 32.1+6.86 0.58
Resistin (ug/L) 4.70+0.42 445+054 0.97 5364041 5.16 £ 0.60 0.86
MDA (nmol/g Hb) 343+2.44 245+2.16 0.042  30.1+2.89 274+2.19 0.65
SOD-1(IU/gHb)  747.7+194 762.0+544 029 697.0+16.7 6879+320 0.94
Erythrocyte
CAT (10% x IU/g Hb) 68.5+2.94 64.7+4.23 0.66 63.1+2.89 65.0+4.52 0.61
GPx (IU/g Hb) 549 +048 7.92 +0.56 0.0049  6.19+0.58 7.19+0.34 0.29
Parameter MEL group (n = 15) The percentage change P value® PL group (n = 15) The percentage change P value”
Body weight (kg) 105.9 + 6.43 1% 0.039 109.8 + 8.57 4% 0.69
BMI (kg/m?) 355+ 1.52 6% 0.42 36.3+2.22 5% 0.54

Waist circumference (cm) 107.1 + 4.60 5% 0.38 107.2+4.74 5% 0.41



2 6-sulfatoxymelatonin 2} =& BMI7} At

| 7] melatonin 5mgY} fluoxetine 20mg 244 £ OFST
Ay} O A A, A8 8 A, BMI 4 A (30.9 2 26.3kg/m?)
+ Melatonin 7} AIF| 7} 5 o]}
« SolO|st A&7 A Q)2 (SMD -0.48; 95% CI: -0.94 ~ -0.02,
P =<0.01, I% = 92%)
 BM], 58] =2 4o 23 9
. 8mg 0|5} SoF 21} o E9ke

Melatonin ¥ %0] A 5714 B} Qot= HELR A & 918

Delpino FM, Figueiredo LM. Melatonin supplementation and anthropometric indicators of obesity: A systematic review and meta-analysis. Nutrition. 2021 Nov-Dec;91-92:111399.

Genario R, Cipolla-Neto ], Bueno AA, Santos HO. Melatonin supplementation in the management of obesity and obesity-associated disorders: A review of physiological mechanisms and clinical applications.
Pharmaco I Res. 2021 Jan;163:105254.



Melatonin} 22 7]

 Sarcopenic obesity = oxidative stress, skeletal muscle
inflammation

* Melatonin = prevention of muscle atrophy (animal model),
attenuate TNF-a-induced ROS generation and apoptosis, lower
the oxidized/reduced glutathione ratio

« Sarcopenia, 65A]] O] A} EH/\P o 2 9]oF Ega}gq 1mg, = 220} 0]
AN 4g, W2t 1mg + 2 4010| Al 4g = 440 2 L}R0f
A Aol A] “,%‘.E'JrELdﬂr Dpotn] e AhS oA A4 RS 7o
fat-free mass =7}

e

Rondanelli M, Peroni G, Gasparri C, Infantino V, Nichetti M, Cuzzoni G, Spadaccini D, PernaS. Is a Combination of Melatonin and Amino Acids Useful to Sarcopenic Elderly Patients? A Randomized Trial.
Geriatrics (Basel). 2018 Dec 24;4(1):4.



Melatonin} & QF

* modulator of oxidative stress at vascular endothelium

* Myeloperoxidase activity reduction = may vasoprotective,
BP lowering effect

Grossman E, Laudon M, Zisapel N. Effect of melatonin on nocturnal blood pressure: meta-analysis of randomized controlled trials. Vasc Health Risk Manag. 2011;7:577-84.
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Scheer FA, Van Montfrans GA, van Someren EJ, Mairuhu G, Buijs RM. Daily nighttime melatonin reduces blood pressure in male patients with essential hypertension. Hypertension. 2004 Feb;43(2):192-7.



e Melatonin -2 o713t 735t § 1} QithH= HEt & A
 Subgroup analysis9|| 4] controlled-release melatonin =
raddst 217 Q11 (-6.1 mmHg; 95% CI: —10.7 -
-1.5), £%'3 melatonin 2117 Q=

 Severely hypertensive patient, nondipper hypertensive

patient, coronary heart disease patiento]] 4] oF7F
melatonin A§4AF X517} A=

Grossman E, Laudon M, Zisapel N. Effect of melatonin on nocturnal blood pressure: meta-analysis of randomized controlled trials. Vasc Health Risk Manag. 2011;7:577-84.
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Melatonin} A| A

M| Ef =2 ]| Al melatonin ¥ 5-0] &
AR 2 g2l 0]stA A (-18.48

mg/dL)

e Subgroup &A1 o A] 8mgol]4}, 85
o4 SOk A| 5

Mohammadi-Sartang M, Ghorbani M, Mazloom Z. Effects of melatonin supplementation on blood lipid
concentrations: A systematic review and meta-analysis of randomized controlled trials. Clin Nutr. 2018
Dec;37(6 Pt A):1943-1954.
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A.Triglycerides
Study name Statistics for each study
Difference Standard Lower  Upper
in means error  Variance  limit limit
Celinski, 2014 52.000- 15369 236202 82.122- 21.878-
Cichoz-Lach, 2010 76.000- 15795 249.469 106.957- 45.043-
Gonciarz, 2012 13.170- 11.540 133.182 35.789- 9.449
Goyal, 2014 62.100- 38.390 1473.809 137.343- 13.143
Modabbernia, 2014 62.500- 36.538 1335042 134.114- 9114
Rindone, 1997, a 5.000 19.870 394836 33.945- 43945
Rindone, 1997, b 5.000- 18497 342136 41.253- 31.253
Romo-Nava, 2014a  18.600- 37.643 1416997 92.379- 55.179
Romo-Nava,2014b  26.800-  33.818 1143875 93.083- 39483
Seabra, 2000 24.600- 19415 376962 62654- 13.454
31.549- 9781 95658 50.719- 12.380-
B. Total cholesterol
Study name Statistics for each study
Difference Standard Lower  Upper
in means error Variance limit limit
Celinski, 2014 54.000- 12131 147.168 77.777- 30.223-
Cichoz-Lach, 2010 74.000- 18.027 324970 109.332- 38.668-
Gonciarz, 2012 14.780- 11.023 121503 36.384- 6.824
Modabbernia, 2014 25.400- 16.453 270711 57.648- 6.848
Rindone, 1997, a 0.000 7690 59.141 15073- 15.073
Rindone, 1997, b 8.000- 7690 59141 23073- 7.073
Romo-Nava, 2014 a 10.600 11914 141934 12750- 33.950
Romo-Nava, 2014 b 0.300- 14419 207.908 28.561- 27.961
12.926- 3850 14.822 20.472- 5.381-
C.LDL-C
Study name Statistics for each study
Difference Standard Lower Upper
in means error Variance  limit limit
Celinsk, 2014 60.000- 16.073 258332 91.502- 28.498-
Cichoz-Lach, 2010 3.000 12780 163.333 22.049- 28.049
Goyal, 2014 3.800- 5.901 34.824 15386- 7.766
Modabbernia, 2014 6.100- 13568 183.814 32673- 20473
Rindone, 1997, a 1.000- 9280  86.125 19.189- 17.189
Rindone, 1997, b 7.000- 9.280 86.125 25.189- 11.189
Romo-Nava, 2014 a 17.000 11259 126.766 5.067- 39.067
Romo-Nava, 2014 b 0.000 10.206 104.168 20.004- 20.004
Seabra, 2010 7.000 2.104 4428 2876 11.124
2373 4714 22226 11.613- 6.867
D. HDL-C
Study name Statistics for each study
Difference Standard Lower Upper
in means error  Variance limit  limit
Celinski, 2014 10.000- 6.610 43697 22.956- 2956
Cichoz-Lach, 2010 7.000 2688 7226 1732 12268
Goyal, 2014 0.900 1.637 2678 2308 4.108
Modabbernia, 2014 1.400- 3817 14571 8881- 6.081
Rindone, 1997, a 0.000 3.363 11313 6.592- 6.592
Rindone, 1997, b 1.000 3.536 12500 5.930- 7.930
Romo-Nava, 2014 a 2.590 4.095 16.772 5.437- 10617
Romo-Nava, 2014 b 0.100 2962 8774 5705- 5.905
Seabra, 2010 1.100 3.946 15568 6.633- 8833
1.284 0.995 0991 0667- 3.235

ZValue
3.383-
4812-
1.141-
1618-
1.711-
0.252
0.270-
0.494-
0.792-
1.267-
3.226-

Z-Value
4.451-
4.105-
1.341-
1.544-

0.000
1.040-
0.890
-0.021
3.358-

Z-Value
3.733-
0.235
0.644-
0.450-
0.108-
0.754-
1.510
0.000
3327
0.503-

ZValue
1.513-
2604
0.550
0.367-
0.000
0.283
0632
0.034
0.279
1.290

p-Value
0.001
0.000
0.254
0.106
0.087
0.801
0.787
0.621
0.428
0.205
0.001

p-Value
0000
0.000
0.180
0.123
1.000
0298
0374
0983
0001

p-Value
0.000
0.814
0.520
0.653
0.914
0.451
0.131
1.000
0.001
0615

p-Value
0.130
0.009
0.582
0.714
1.000
0.777
0.527
0.973
0.780
0.197

Difference in means and 95% CI

—-

—at

~150.00 -75.00 0.00 75.00 150.00
Favour Melatonin Favour Control
Difference in means and 95% CI
—
———
—

*

-115.00 57.50 0.00 57.50 115.00
Favour Melatonin Favour Control
Difference in means and 95% CI
-100.00  -50.00 0.00 50.00 100.00
Favour Melatonin Favour Control
Difference in means and 95% CI

——
S
S
-25.00 -12.50 0.00 12.50 25.00

Favour Melatonin Favour Control



Melatonin?f NAFLD

« NAFLD €A} 5092 AN O 2 124 =2 6mg melatonin 52F,
A1 =8 WA
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BahramiM, Cheraghpour M, Jafarirad S, Alavinejad P, Asadi F, Hekmatdoost A, Mohammadi M, Yari Z. The effect of melatonin on treatment of patients with non-alcoholic fatty liver disease: a randomized
double blind clinical trial. Complement Ther Med. 2020 Aug;52:102452.



Melatonin}t Ql= 7F2~A]

« Melatonin 2 F|%} beta cell 2] MT1- MT2- receptor 23 >
insulin secretion, glucose homeostasis 7} 4

 Coronary heart disease’} ! += T2DM StX}o|A| 125
melatonin 52F 2> ¢]oF-0j| H] of] fasting glucose 7t A (-29 vs -
5.6mg/dL), plasma insulin Z- 4 (-2.2 vs +0.7ulU/mL), HOMA-
IR 7§ (-1.0 vs +0.01)

o Tj|E}EA of| A| melatonin (3~10mg, 4~24%) -4 3] < fasting
alucose 7t (-6.34), QUICKI =7} (0.01), insulin 2} HOMA-IR
%QU] O] - 1:149}04042

A L HA AKX O
« A7dst /oA ofAl, A9 ol 5Smg melatonin 18] 45| A171 73
2 glucose tolerance 7 AA|7] AL 5, melatonin 0| ¥ S 5
P71 A7 g0l 98

Genario R, Cipolla-Neto ], Bueno AA, Santos HO. Melatonin supplementation in the management of obesity and obesity-a iated disorders: A review of physiological mechanisms and clinical applications.

Pharmaco I Res. 2021 Jan;163:105254.
Doosti-Irani A, Ostadmohammadi V, Mirhosseini N, Mansournia MA, Reiter R, Kashanian M, Rahimi M, Razavi M, Asemi Z. The Effects of Melatonin Supplementation on Glycemic Control: A Systematic
Review and Meta-Analysis of Randomized Controlled Trials. Horm Metab Res. 2018 Nov;50(11):783-790.
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Mean Difference Mean Difference
IV.Random,95%CI IV.Random, 95% CI

Experimental Control
Study or Sul Mean SD Total Mean SD_Total Weight
Ghaden 2018 07 1582 26 24 1637 28 139%
Gonciarz 2012 -1268 2676 30 587 1263 12 109%
Goyal 2014 -05 1681 37 =27 1233 37 156%
Hussain 2006a -56.52 8573 18 -1548 5433 15 14%
Hussain 2006b -8766 5749 18 -162 6333 15 18%
Modabbernia 2014 47 1083 18 11 959 18 157%
Raygan 2017 -204 5559 30 -55 5772 30 35%
Rezvanfar 2016 -10.7 4441 64 -67 4322 64 86%
Romo-Nava 2014a 04 1165 5 28 503 11 120%
Romo-Nava 2014b -03 7869 15 01 77 13 16.5%
Total (95% Cl) 261 243 100.0%

Heterogeneity: Tau® = 47.01; Ch = 2539, df = 9 (p = 0.003), I = 65%
Test for overall effect Z =209 (p = 0.04)

2.2Insulin

Experimental Control
Study or Subgroup  Mean SD Total Mean SD Total Weight

~170[-1029, 6 89] ==
-18.55(-30.50, -6 60] =
220[-452,8.92) *
-41.04 (-89.25, 7.17) —_—
7146 [-113.08, -20.84)
-6.30[-12.98, 0.38]
-2300[-5258, 4 78]
-4.00[-19.18, 11.18]
~240[-13.04,824)
-040[-6.12,5.32)

—_—

. A.L.l‘-t
I

-6.34 [-12.28, =0.40]

4 N N "
+ +

-100 -50 0

Favours [expenmental] Favours [control]

Mean Difference
IV.Random, 96% CI

Mean Difference
IV,Random, 95%CI

D'Anna 2017 -2 793 16 -3 569 16 20.2%
Ghaden 2018 -25 351 26 03 511 28 36.8%
Modabbernia 2014 59 1194 18 13 672 18 140%
Raygan 2017 -22 584 30 07 725 30 29.0%
Total (95%Cl) 90 92 100.0%

Heterogeneity Tau®=412; Ch# =6.37, df =3 (p = 0.09), ¥ = 53%
Test for overall effect: Z=072 (p=047)

2.3HOMA-IR

Experimental Control
StudyorSubgroup Mean SD Total Mean SD Total Weight

1.00 [-3.78, 5.78] —f—
-2.80[-5.12, -0.48]

460 (-1.73,10.93) S

-2.90 [-6.23,043] —=
-1.03 [-3.82, 1.77) ?
10 5 0 5 10

Favours [expenmental] Favours [control]

Mean Difference
IV.Random,95%Cl

Mean Difference
IV, Random,95% C|

Ghaderi 2018 -05 125 26 01 125 28 57.1%
Modabbemia 2014 147 306 18 059 169 18 23.0%
Raygan 2017 -1 351 30 0 356 30 198%
Total (95% ClI) 74 76 100.0%

Heterogeneity: Tau® = 0.26; Chi*=3.16, df =2 (p = 0.21); F = 37%
Test for overall effect: Z=073 (p = 047)

2.4HbA1c

Experimental Control

StudyorSubgroup Mean SD Total Mean SD Total Weight

-0.60[-1.27,0.07]
0.88(-0.73, 2.49)
-1.00(-2.79,0.79)

-
——1—

e

+ + + St
-4 -2 0 2 4
Favours [expenmental] Favours [control]

-0.34 [-1.25, 0.58]

Mean Difference
IV,Random, 95%CI

Mean Difference
IV,Random,95%CI

Hussain 2006a -132 174 18 -1.27 172 15 44%
Hussain 2006b -202 169 18 -106 172 15  45%
Rezvanfar 2016 -034 081 64 -0.15 068 64 912%
Total (95% Cl) 100 94 100.0%

Heterogeneity: Tau® = 0.00; Chi* = 1.67, df =2 (p = 0.43); I = 0%
Test for overall effect: Z =173 (p = 0.08)

2.5QUICKI

-0.05[-123, 1.13]
-0.96([-2113,021]
-0.19(-045,0.07)

-0.22 [-0.47, 0.03]

s + " N
t t T t t

-2 - 0 1 2
Favours [expenmental] Favours [control]

Experimental Control Mean Difference Mean Difference
StudyorSubgroup _Mean SD Total Mean SD_Total Weight IV, Random,95%Cl IV, Random. 95% CI
Ghaden 2018 0.01 001 26 0 0026458 28 56.0% 0.01[-0.00, 0.02]
Raygan 2017 001 002 30 0 0026458 30 440% 0.01[-0.00, 0.02]
Total (95%Cl) 56 58 100.0% 0.01 [0.00, 0.02] L 2
Heterogeneity: Tau® = 0.00; Chi* = 0.00, df = 1 (p = 1.00); F = 0% + + g + t
Test for overall effect: Z =249 (p = 0.01) -005 -0025 0 0025 005

Favours [expermental] Favours [control]

Doosti-Irani A, Ostadmohammadi V, Mirhosseini N, Mansournia MA, Reiter R], Kashanian M, Rahimi M, Razavi M, Asemi Z. The Effects of Melatonin Supplementation on Glycemic Control: A Systematic
Review and Meta-Analysis of Randomized Controlled Trials. Horm Metab Res. 2018 Nov;50(11):783-790.



Melatonin} Mitochondria

e Melatonin©| oxidative stress= 7F A A|7| 1 mitochondria &t

9] antioxidant/oxidant molecule @3-S &

« Metabolic dysregulationg Y54 0 2 2SIA|Z ZHol2t= ==

« T2DM = Qloj|A] 302 7t melatonin 5mg A3 5] = erythrocytic
activity of superoxide dismutase-1 S-7}, erythrocytic

concentration of MDA =-9] oxidative biomarker 7+ 4

« Coronary disease tX}0]| 7] melatonin 10mg= 1253 T4

glutathione 5-7}, MDA, protein carbonyl concentrations <2

oxidative biomarker 7+ 4

e Melatonin A3 #| w+0J| A nitric oxide =7, vascular tone ©°f 273
A e

Genario R, Cipolla-Neto ], Bueno AA, Santos HO. Melatonin supplementation in the management of obesity and obesity-associated disorders: A review of physiological mechanisms and clinical applications.
Pharmacol Res. 2021 Jan;163:105254.
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