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KESAN ANTI-DIABETIK DAN ANTI-LESU Stichopus horrens 

EKSTRAK DALAM DIABETIK JENIS 2 TIKUS JANTAN 

SPRAGUE DAWLEY 

 

ABSTRAK 
 

PeQ\aNiW NeQciQg PaQiV diaQggaS Vebagai gaQggXaQ PeWabROiN NURQiN \aQg diVebabNaQ 

ROeh NeNXUaQgaQ SeQghaViOaQ iQVXOiQ ROeh SaQNUeaV aWaX MeMaVaQ WiQdaN baOaV VeO badaQ 

WeUhadaS iQVXOiQ. PeObagai XbaW VeSeUWi PeWfRUPiQ PePbeUi NeVaQ WeUaSeXWiN XQWXN 

PeUaZaW SeQ\aNiW iQi WeWaSi NeVaQ VaPSiQgaQ \aQg dihaViONaQ ROehQ\a PeQdRURQg 

SeQ\eOidiN XQWXN PeQeURNa UaZaWaQ aOWeUQaWif OaiQ WeUXWaPaQ\a SURdXN VePXOa Madi. 

KaMiaQ iQi beUWXMXaQ XQWXN PeQgNaMi SRWeQVi gaPaW \aQg beUbe]a daUi Vegi Naedah 

SeQgeNVWUaNaQ daUi SWLFKRSXV KRUUHQV (gaPaW) daOaP PeQgXUaQgNaQ WahaS gOXNRVa, 

PePiQiPXPNaQ NeOeWihaQ, daQ PePXOihNaQ VWUXNWXU daQ fXQgVi RUgaQ WiNXV diabeWiN MeQiV 

2 (T2DM). DXa Naedah SeQgeNVWUaNaQ WeOah digXQaNaQ daOaP NaMiaQ iQi, iaiWX hidUROiViV, 

daQ SePSURVeVaQ WeNaQaQ WiQggi. ENVWUaN SeUWaPa gaPaW PeOaOXi SePSURVeVaQ hidUROiViV 

VahaMa PaQaNaOa eNVWUaN NedXa PeOaOXi SePSURVeVaQ WeNaQaQ WiQggi VahaMa. ENVWUaN NeWiga 

gaPaW PeOaOXi SePSURVeVaQ hidUROiViV daQ SePSURVeVaQ WeNaQaQ WiQggi. DaOaP NaMiaQ iQi, 

HUVEC VeO WeOah didedahNaQ NeSada Wiga SWLFKRSXV KRUUHQV diQdiQg badaQ VaPSeO VeUWa 

VaWX NaZaOaQ SRViWif iaiWX PeWfRUPiQ deQgaQ NeSeNaWaQ 6.25 hiQgga 4000 ȝg/PL daOaP 

MTT aVVa\ XQWXN PeQdaSaWNaQ dRV SeUPXOaaQ UaZaWaQ daOaP NaMiaQ haiZaQ. KaMiaQ 

haiZaQ iQi PeOibaWNaQ WiNXV MaQWaQ SSUagXe DaZOe\ (SD) \aQg PeQgaSOiNaVi iQdXNVi dieW 

WiQggi OePaN VeOaPa OiPa PiQggX, 110 Pg/Ng VXQWiNaQ QiNRWiQaPida, diiNXWi deQgaQ 55 

Pg/Ng VWUeSWR]RWRciQ (STZ) daOaP PeQciSWa PRdeO WiNXV T2DM. TiNXV dibahagi VecaUa 

UaZaN NeSada eQaP NXPSXOaQ iaiWX NaZaOaQ QRUPaO (Q=3), NaZaOaQ NeQciQg PaQiV (Q=3), 
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NXPSXOaQ UaZaWaQ PeWfRUPiQ (Q=3), NXPSXOaQ UaZaWaQ eNVWUaN gaPaW (hidUROiViV VahaMa) 

(Q=3), NXPSXOaQ UaZaWaQ eNVWUaN gaPaW (SePSURVeVaQ WeNaQaQ WiQggi VahaMa) (Q=3), daQ 

NXPSXOaQ UaZaWaQ eNVWUaN gaPaW (SePSURVeVaQ WeNaQaQ WiQggi daQ hidUROiViV) (Q=4). 

PeQePXaQ PeOaOXi NaMiaQ iQi WeOah PeQXQMXNNaQ WUeQd SeQXUXQaQ daOaP SUROifeUaVi VeO 

VeOaUi deQgaQ SeQiQgNaWaQ NeSeNaWaQ gaPaW daQ PePSXQ\ai QiOai ICହ0 VebaQ\aN 3.771 � 

0.152 ȝg/PL daOaP eNVWUaN gaPaW (hidUROiViV VahaMa), 3.783 � 0.063 ȝg/PL daOaP eNVWUaN 

gaPaW (SePSURVeVaQ WeNaQaQ WiQggi VahaMa), daQ 4.006 � 0.054 ȝg/PL daOaP eNVWUaN 

gaPaW (SePSURVeVaQ WeNaQaQ WiQggi daQ hidUROiViV) PaQaNaOa PeWfRUPiQ PeQXQMXNNaQ 

SeQiQgNaWaQ WUeQd VeO SUROifeUaVi daQ PePSXQ\ai QiOai ECହ0 VebaQ\aN 4.931 � 4.044 

ȝg/PL. OOeh iWX, dRV SeUPXOaaQ bagi VePXa UaZaWaQ XQWXN NaMiaQ haiZaQ iaOah 150 

Pg/Ng. PeQePXaQ daOaP NaMiaQ iQi PeQXQMXNNaQ WUeQd SeQXUXQaQ gOXNRVa daOaP daUah 

VeOeSaV ePSaW PiQggX UaZaWaQ deQgaQ VaPSeO gaPaW VebaQ\aN 150 Pg/Ng VeUWa 

SeQiQgNaWaQ WROeUaQVi VeQaPaQ daOaP NXPSXOaQ eNVWUaN gaPaW (SePSURVeVaQ WeNaQaQ 

WiQggi daQ hidUROiViV) VebaQ\aN 150 Pg/Ng. Di VaPSiQg iWX, VaPSeO gaPaW PeQXQMXNNaQ 

VediNiW SePXOihaQ daOaP hiVWRORgi haWi, bXah SiQggaQg, daQ SaQNUeaV. TePSRh UaZaWaQ 

gaPaW \aQg ViQgNaW WeUhadaS WiNXV NeQciQg PaQiV PePbXNWiNaQ bahaZa gaPaW PXQgNiQ 

PeUXSaNaQ VaOah VaWX SURdXN \aQg beUNeVaQ Sada PaVa hadaSaQ.  

 

ANTI-DIABETIC AND ANTI-LETHARGIC EFFECTS OF  

Stichopus horrens EXTRACT IN TYPE 2 DIABETES- 

INDUCED SPRAGUE DAWLEY MALE RATS 

 

ABSTRACT 
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DiabeWeV PeOOiWXV iV a chURQic PeWabROic diVRUdeU, WhaW iV aWWUibXWed WR eiWheU iQVXfficieQW 

iQVXOiQ SURdXcWiRQ b\ Whe SaQcUeaV RU iPSaiUed UeVSRQVe Rf bRd\ ceOOV WR iQVXOiQ. PUeVeQW 

PedicaWiRQ OiNe PeWfRUPiQ haV bURXghW VigQificaQW WheUaSeXWic effecWV iQ WUeaWiQg WhiV 

diVeaVe bXW Whe Vide effecWV SURPSW Whe UeVeaUcheUV WR e[SORUe RWheU aOWeUQaWiYe WUeaWPeQWV 

eVSeciaOO\ QaWXUaO SURdXcWV. ThiV VWXd\ aiPed WR iQYeVWigaWe Whe SRWeQWiaO Rf diffeUeQW Vea 

cXcXPbeU VaPSOeV Rf SWLFKRSXV KRUUHQV, diffeUeQWiaWed b\ e[WUacWiRQ PeWhRdV, iQ UedXciQg 

faVWiQg bORRd gOXcRVe OeYeO, PiQiPiViQg faWigXe cRQdiWiRQ, aQd UeVWRUiQg VWUXcWXUe aQd 

fXQcWiRQ iQ RUgaQV Rf diabeWic W\Se 2-iQdXced UaWV. TZR e[WUacWiRQ PeWhRdV ZeUe XWiOiVed 

iQ WhiV VWXd\, Zhich aUe h\dURO\ViV aQd high-SUeVVXUe SURceVViQg (HPP). The fiUVW e[WUacW 

Rf Vea cXcXPbeU ZaV VXbMecWed WR h\dURO\ViV RQO\, ZhiOe Whe VecRQd e[WUacW ZaV e[SRVed 

WR HPP RQO\. The OaVW e[WUacW Rf Vea cXcXPbeU ZaV VXbMecWed WR bRWh h\dURO\ViV aQd HPP. 

IQ Whe LQ-YLWUR aVVa\, hXPaQ XPbiOicaO YeiQ eQdRWheOiaO ceOOV (HUVECV) ZeUe e[SRVed WR 

WhUee SWLFKRSXV KRUUHQV bRd\ ZaOO VaPSOeV, aQd a SRViWiYe cRQWURO, PeWfRUPiQ ZiWh 

cRQceQWUaWiRQV UaQgiQg fURP 6.25 WR 4000 ȝg/PL iQ MTT aVVa\ WR RbWaiQ VWaUWiQg dRVage 

Rf WUeaWPeQWV fRU aQiPaO VWXd\.  The LQ-YLYR VWXd\ iQYROYed SSUagXe DaZOe\ (SD) UaWV, 

Zhich iQcOXded Whe iQdXcWiRQ Rf high faW dieW fRU fiYe ZeeNV, 110 Pg/Ng Rf QicRWiQaPide 

iQMecWiRQ, fROORZed b\ 55 Pg/Ng Rf VWUeSWR]RWRciQ (STZ) iQWR cUeaWiQg T\Se 2 diabeWeV 

PeOOiWXV (T2DM) UaW PRdeO. RaWV ZeUe UaQdRPO\ gURXSed iQWR Vi[ gURXSV; QRUPaO cRQWURO 

(Q=3), diabeWic cRQWURO (Q=3), PeWfRUPiQ-WUeaWed gURXS (Q=3), Vea cXcXPbeU e[WUacW 

(h\dURO\ViV RQO\) (Q=3), Vea cXcXPbeU e[WUacW (HPP RQO\) (Q=3), aQd Vea cXcXPbeU e[WUacW 

(HPP aQd h\dURO\ViV) (Q=4). The fiQdiQgV diVSOa\ed a decUeaViQg WUeQd iQ ceOO YiabiOiW\ 

ZiWh iQcUeaViQg Vea cXcXPbeU cRQceQWUaWiRQ ZiWh ICହ0 YaOXeV Rf 3.771 � 0.152 ȝg/PL iQ 

Vea cXcXPbeU e[WUacW (h\dURO\ViV RQO\), 3.783 � 0.063 ȝg/PL iQ Vea cXcXPbeU e[WUacW 

(HPP RQO\), aQd 4.006 � 0.054 ȝg/PL iQ Vea cXcXPbeU e[WUacW (HPP aQd h\dURO\ViV) ZhiOe 

PeWfRUPiQ deSicWed aQ iQcUeaViQg WUeQd Rf ceOO YiabiOiW\ ZiWh ECହ0 YaOXe Rf 4.931 � 4.044 
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ȝg/PL. AV a UeVXOW, Whe VWaUWiQg dRVage fRU aQiPaO VWXd\ SeUWaiQiQg WR diffeUeQW WUeaWPeQWV 

iV 150 Pg/Ng each. The fiQdiQgV deSicWed decUeaViQg WUeQd Rf bORRd gOXcRVe OeYeO afWeU 

fRXU ZeeNV Rf WUeaWPeQWV ZiWh 150 Pg/Ng Vea cXcXPbeU VaPSOeV aQd iQcUeaVed e[eUciVe 

WROeUaQce iQ Vea cXcXPbeU e[WUacW (HPP aQd h\dURO\ViV) gURXS ZiWh 150 Pg/Ng. ASaUW 

fURP WhaW, Vea cXcXPbeUV e[hibiWed PiOd UeVWRUaWiRQ iQ hiVWRORgicaO chaQgeV Rf OiYeU, 

NidQe\, aQd SaQcUeaV. The VhRUW WUeaWPeQW dXUaWiRQ Rf Vea cXcXPbeU RQ diabeWic UaWV PighW 

SURYe WhaW Vea cXcXPbeU iV a SURPiViQg caQdidaWe fRU Whe deYeORSPeQW Rf QRYeO SURdXcW 

iQ Whe fXWXUe.  

 

 

 

 



                                                                                                                                     
       

 
 

CHAPTER ONE: INTRODUCTION 

 1.1 ReVearch BackgroXnd 

ChaUacWeUiVed b\ chURQic h\SeUgO\caePia, diabeWeV PeOOiWXV iV defiQed aV a PeWabROic 

diVRUdeU WhaW RccXUV dXe WR defecWiYe iQVXOiQ VecUeWiRQ b\ Whe beWa ceOOV Rf iVOeW Rf 

LaQgeUhaQV RU/aQd iPSaiUed iQVXOiQ acWiRQ WhaW iV VSecificaOO\ NQRZQ aV iQVXOiQ UeViVWaQce 

(GR\aO HW aO., 2023). IQVXOiQ iV a SRO\SeSWide hRUPRQe WhaW QRWabO\ SOa\V a UROe iQ gOXcRVe 

PeWabROiVP, hRPeRVWaViV, aQd ceOO gURZWh (RahPaQ HW aO., 2021).  

 

WRUOdZide, 460 PiOOiRQ diabeWic adXOWV (9.3%) ZeUe cRQfiUPed b\ Whe IQWeUQaWiRQaO 

DiabeWeV FedeUaWiRQ iQ 2019, iQ Zhich, Whe QXPbeU iV e[SecWed WR UiVe WR 10.2% b\ 2030 

aQd 10.9% b\ 2045 eYeQ ZiWh Whe cXUUeQW WUeaWPeQW Rf T\Se 2 diabeWeV (ANhWaU HW aO., 

2022). FURP \eaU 2000 WR 2019, Whe PRUWaOiW\ UaWeV Rf diabeWic iQdiYidXaOV iQcUeaVed aW 

abRXW 13% eVSeciaOO\ iQ ORZ aQd PiddOe-iQcRPe cRXQWUieV (AQWaU HW aO., 2023). The WRUOd 

HeaOWh OUgaQiVaWiRQ (2024) VWaWed WhaW aPRQg 1.6 PiOOiRQ deaWhV iQ 2021, 47% Rf WheP 

ZeUe dXe WR WUadiWiRQaO cRPSOicaWiRQV OiNe VWURNe, cRURQaU\ heaUW diVeaVe, UeWiQRSaWh\, aQd 

SeUiSheUaO QeXURSaWh\, WhaW ZeUe aVVRciaWed ZiWh diabeWeV.  

 

DiabeWeV PeOOiWXV iV cOaVVified iQWR VeYeUaO caWegRUieV, Zhich aUe T\Se 1 diabeWeV, T\Se 

2 diabeWeV, geVWaWiRQaO diabeWeV, PaWXUiW\-RQVeW diabeWeV Rf Whe \RXQg (MODY), VWeURid-

iQdXced diabeWeV, aQd QeRQaWaO diabeWeV. APRQg WheVe, W\Se 1 diabeWeV, aQd W\Se 2 

diabeWeV aUe Whe PaiQ VXbW\SeV ZiWh VigQificaQWO\ higheU SUeYaOeQce Rf T2DM (GR\aO HW 

aO., 2023). IQ T2DM, Whe iPSaiUPeQW iQ iQVXOiQ VeQViWiYiW\ (iQVXOiQ UeViVWaQce) iV dXe WR 

Whe WROeUaQce Pade agaiQVW iQVXOiQ hRUPRQeV, caXViQg iW WR be iQeffecWiYe deVSiWe haYiQg 

VXfficieQW aPRXQW. IQ UeVSRQVe WR Whe iQVXOiQ UeViVWaQce, SaQcUeaV ZiOO VecUeWe PRUe iQVXOiQ 

WR PaiQWaiQ bORRd gOXcRVe hRPeRVWaViV iQ Whe bRd\. TheUefRUe, ciUcXOaWiQg iQVXOiQ ZiOO 
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VXbVeTXeQWO\ iQcUeaVe iQ iQdiYidXaOV ZiWh T2DM XQWiO Whe bRd\ cRXOd QRW NeeS XS ZiWh 

Whe high UiVe Rf gOXcRVe iQ Whe bORRdVWUeaP, aQd eYeQWXaOO\ SURgUeVVeV WR T2DM (FUeePaQ 

& PeQQiQgV, 2022). ThiV RccXUV becaXVe T\Se 2 diabeWic SaWieQWV haYe a ORZ diVSRViWiRQ 

iQde[, iQ Zhich iW iV defiQed aV Whe cXUYiOiQeaU UeOaWiRQVhiS beWZeeQ iQVXOiQ VeQViWiYiW\ aQd 

iQVXOiQ VecUeWiRQ. The ORZ diVSRViWiRQ iQde[ PaNeV Whe bRd\ XQabOe WR PaNe PRUe iQVXOiQ 

WR cRPbaW iQVXOiQ UeViVWaQce. UQOiNe T\Se 1 diabeWeV WhaW iV caXVed b\ geQeWic facWRUV, 

T2DM RccXUV PaiQO\ becaXVe Rf iQaSSURSUiaWe OifeVW\Oe aQd eQYiURQPeQWaO facWRUV VXch 

aV chePicaOV aQd WR[iQ. ThXV, Whe SURgUeVViRQ Rf diabeWeV PeOOiWXV PighW be aVVRciaWed 

ZiWh R[idaWiYe VWUeVV, beWa-ceOOV d\VfXQcWiRQ, iQfOaPPaWiRQ, aQd WiVVXe iQVXOiQ UeViVWaQce. 

ThiV cRPSOe[ PechaQiVP ZiOO diVWXUb gOXcRVe hRPeRVWaViV aQd cRQVeTXeQWO\ Oead WR Whe 

ZRUVeQiQg Rf diabeWeV PeOOiWXV (AQWaU HW aO., 2023). 

 

IQ addiWiRQ, Whe OiQNage Rf faWigXe WR T2DM iV gUeaWeU WhaQ RWheU PedicaO diVRUdeUV, 

WhaW PighW eQcRPSaVV OifeVW\Oe, Sh\ViRORgicaO RU SV\chRORgicaO facWRUV. FaWigXe iV defiQed 

aV a cRPPRQ Sh\ViRORgicaO VWaWe Rf PeQWaO aQd Sh\VicaO VWUeQgWh deSUiYaWiRQ, WhaW iV 

chaUacWeUiVed b\ WePSRUaU\ decOiQe iQ Whe ZRUNiQg abiOiW\ Rf Whe bRd\ (WaQg HW aO., 2021). 

Ph\ViRORgicaOO\, faWigXe iQ diabeWeV iV PaiQO\ dXe WR Whe aOWeUaWiRQ iQ Whe bORRd gOXcRVe 

OeYeO ZiWh chURQic h\SeUgO\caePia, caXViQg VeYeUaO V\PSWRPV aQd diVeaVe cRPSOicaWiRQV 

WR aUiVe (FUiWVchi & QXiQQ, 2010). A VWXd\ b\ VaQ DeU DReV HW aO. (1996) SURYed WhaW WheUe 

iV a cRUUeOaWiRQ beWZeeQ faWigXe aQd gO\caWed haePRgORbiQ (haePRgORbiQ A1c) Zhich iV a 

fRUP Rf haePRgORbiQ OiQNed WR VXgaU. High HbA1c iQdicaWeV WhaW WheUe iV a high QXPbeU 

Rf haePRgORbiQ cRaWed ZiWh VXgaU iQ Whe bORRdVWUeaP Zhich VXggeVWV high SRVVibiOiW\ Rf 

T2DM, Zhich iV RfWeQ aVVRciaWed ZiWh faWigXe. FXUWheUPRUe, Whe SaWhRgeQeViV Rf faWigXe 

iV cRQWUibXWed b\ VXbVWUaWe deSOeWiRQ, high OeYeO Rf h\dURgeQ iRQV, SUeVeQce Rf iQRUgaQic 

ShRVShaWe aQd SRWaVViXP. IQ a diabeWic iQdiYidXaO, ORZ iQVXOiQ VecUeWiRQ Pa\ VhifW Whe 
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eQeUg\ VXbVWUaWe fURP caUbRh\dUaWeV WR faW, OeadiQg WR ORZ gO\cRgeQ VWRUeV. ThiV ZiOO Oead 

WR ORZ ADP ShRVShRU\OaWiRQ UaWe aQd ATP V\QWheViV, SURceediQg WR faWigXe iQ iQdiYidXaOV 

(KaOUa & Saha\, 2018).  

 

ReceQWO\, WheUe aUe QXPeURXV fiQdiQgV SURYiQg Whe beQefiWV Rf QaWXUaO SURdXcWV aV 

UeSOacePeQW WR aYaiOabOe PRdeUQ WUeaWPeQWV VXch aV MXQgOe gaUOic aQd EWOLQJHUa HOaWLRU 

ZiWh PiQiPaO Vide effecWV. A high cRPPeUciaO YaOXe QaWXUaO SURdXcW, Vea cXcXPbeU bRd\ 

ZaOO, haV beeQ ORQg XVed aV fRON PediciQe aPRQg AVia aQd MiddOe EaVW cRXQWUieV becaXVe 

Rf iWV e[WeQViYe WheUaSeXWic SURSeUWieV, SURYided b\ Uich QXWUieQWV aQd biRacWiYe VXbVWaQceV 
(FagbRhXQ HW aO., 2023). IQ WeUPV Rf QXWUieQWV, Whe bRd\ ZaOO Rf Vea cXcXPbeU RffeUV a 

gUeaW SURfiOe Rf YaOXabOe cRPSRQeQWV VXch aV ViWaPiQ A, ViWaPiQ B1, ViWaPiQ B2, ViWaPiQ 

B3, aQd PiQeUaOV. FXUWheUPRUe, iW SURYideV gRRd biRORgicaO aQd ShaUPacRORgicaO acWiRQ 

aV aQ aQWi-diabeWic, aQWi-OeWhaUgic, aQWi-iQfOaPPaWRU\, aQWi-WhURPbRWic, aQd aQWi-WXPRU 

ageQW becaXVe Rf VeOecWiYe biRacWiYe VXbVWaQceV e[WUacWed fURP Whe bRd\ ZaOO. TheVe 

iQcOXde SURWeiQV (cROOageQ, aQd SeSWideV), SRO\VacchaUideV, VaSRQiQV, SheQROicV, 

fOaYRQRidV, aQd N-aceW\OgOXcRVaPiQe cRPSRXQdV. High QXWUiWiRQaO YaOXe Rf Vea cXcXPbeU 

haV eQcRXUaged Whe e[SORiWaWiRQ Rf PXOWiSOe Vea cXcXPbeU VSecieV fRU PRdeUQ WUeaWPeQW, 

aQd ShaUPaceXWicaO XVeV. SWLFKRSXV KRUUHQV RU VSecificaOO\ NQRZQ aV dXUiaQ Vea 

cXcXPbeU, iV a Vea cXcXPbeU VSecieV WhaW iV ZideO\ XVed. ThiV VSecieV Rf Vea cXcXPbeU iV 

PaiQO\ diVWUibXWed iQ Whe IQdR-Pacific, SRXWh-Pacific, aQd HaZaii UegiRQV aQd caQ be 

fRXQd iQ VhaOORZ WURSicaO ZaWeUV. The bRd\ ZaOO cRPSRViWiRQ Rf S. KRUUHQV cRQViVWV Rf 

PaiQO\ SURWeiQV, fROORZed b\ cROOageQ, caUbRh\dUaWe, SRO\VacchaUide, aQd 

gO\cRVaPiQRagO\caQ cRQWeQW (UPaP HW aO., 2024). FURP Whe diffeUeQW e[WUacWiRQ PeWhRdV 

diVcXVVed VXch aV eQ]\PaWic h\dURO\ViV, bRiOiQg XViQg hRW ZaWeU, aQd UV-aVViVWed 
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aXWRO\ViV h\dURO\VaWe, eQ]\PaWic h\dURO\ViV PeWhRd OibeUaWed Whe higheVW cRQWeQW Rf 

VXOfaWed SRO\VacchaUide, aQd PiQeUaOV. 

 

High SUeVVXUe SURceVViQg (HPP), aOVR NQRZQ aV high-h\dURVWaWic SUeVVXUe SURceVViQg 

(HHP) iV a QRQ-WheUPaO SURceVViQg PeWhRd WhaW VXbMecWV SUeVVXUeV Rf abRXW 400 WR 600 

MPa aW PiOd WePSeUaWXUe Rf OeVV WhaQ 45 �C WR iQacWiYaWe PicURRUgaQiVPV iQ fRRd SURdXcWV 

(KRXWVRXPaQiV HW aO., 2022). USRQ iWV XVage aV a SUe-WUeaWPeQW RQ Vea cXcXPbeUV, iW iV 

SURYed b\ HRVVaiQ HW aO. (2022) WhaW HPP e[hibiWed higheU \ieOd e[WUacWiRQ Rf SheQROicV, 

aQd fOaYRQRidV fURP CXFXPaULa IURQGRVa aV cRPSaUed WR XQWUeaWed Vea cXcXPbeU 

VaPSOeV. MRUeRYeU, HPP caQ PRdif\ Whe VWUXcWXUe Rf SheQROicV WR iQcUeaVe iQWeVWiQaO 

abVRUSWiRQ iQ hXPaQV aQd aYRid WheUPaO degUadaWiRQ WR Whe chePicaO VWUXcWXUeV.  

 

EQ]\PaWic h\dURO\ViV iQcRUSRUaWeV Whe XVe Rf cRPPeUciaO eQ]\PeV iQ RbWaiQiQg 

SeSWideV, aQd SRO\VacchaUideV aV Whe eQ]\PeV ZiOO cOeaYe Whe SeSWide bRQdV iQ Whe SURWeiQ, 

UeOeaViQg eQcU\SWed SeSWideV RU SRO\VacchaUideV XQdeU RSWiPi]ed WePSeUaWXUe, WiPe, aQd 

eQ]\Pe cRQceQWUaWiRQ (CUX] HW aO., 2021). ThiV PeWhRd haV SURYed WR be SURPiViQg aV iW 

caQ fXOO\ XWiOiVe Whe QXWUiWiRQaO YaOXe Rf Whe Vea cXcXPbeU ZiWh QRW RQO\ e[WUacWiRQ Rf Whe 

PaMRU cRPSRQeQW Rf Vea cXcXPbeU, Zhich iV SURWeiQ, bXW aOVR RWheU biRacWiYe VXbVWaQceV 

OiNe VaSRQiQ aQd SRO\VacchaUideV. ThXV, cRPbiQaWiRQ PeWhRdV Rf eQ]\PaWic h\dURO\ViV 

aQd HPP caQ iQcUeaVe Whe \ieOd Rf PRVW Rf Whe biRacWiYe VXbVWaQceV fURP Whe Vea cXcXPbeU 

bRd\ ZaOO.   
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1.2 Problem SWaWemenW 

DiabeWeV PeOOiWXV, eVSeciaOO\ T\Se 2 diabeWeV, accRXQWV fRU RQe Rf Whe OeadiQg 

PRUWaOiW\ UaWeV iQ MaOa\Via bXW iV WUeaWabOe b\ SUacWiciQg gRRd dieW habiW, e[eUciViQg, 

ZeighW PaQagiQg, aQd WaNiQg PedicaWiRQV. AV VWaWed b\ Whe IQWeUQaWiRQaO DiabeWeV 

FedeUaWiRQ, MaOa\Via haV Whe higheVW UaWe Rf diabeWeV cRPSOicaWiRQV iQ WeVWeUQ Pacific 

UegiRQ, ZheUe iW ZaV UecRUded WhaW Whe WRWaO QXPbeU Rf adXOWV diagQRVed ZiWh diabeWeV ZaV 

4,431,500 RXW Rf 22,130,900 adXOW SRSXOaWiRQ, ZiWhhROdiQg 20% SUeYaOeQce iQ 2021 

(IQWeUQaWiRQaO DiabeWeV FedeUaWiRQ, 2024). WiWh PRUe WhaQ 95% Rf diabeWic iQdiYidXaOV 

diagQRVed ZiWh T\Se 2 diabeWeV, Whe iQcUeaVe iQ SUeYaOeQce fURP 11.2% iQ 2011 WR 18.3% 

iQ 2019 ZaV QRWed. DeVSiWe QXPeURXV dUXgV VXch aV Whia]ROidiQediRQeV, aQd aOSha 

gOXcRVidaVe iQhibiWRUV aYaiOabOe RQ Whe PaUNeW, iW iV cRQceUQiQg aV Rf Whe high SUeYaOeQce 

aQd deaWh UaWe ZRUOdZide. ThiV gORbaO iVVXe haV eQcRXUaged Whe VWXd\ Rf a QaWXUaO SURdXcW, 

Vea cXcXPbeU, dXe WR iWV ZeOO-NQRZQ heaOWh beQefiWV aQd bURad biRORgicaO effecWV OiNe aQWi-

diabeWic, aQWi-OeWhaUgic, aQWi-iQfOaPPaWiRQ, aQd aQWiR[idaQW SURSeUWieV ZiWh WhiV VWXd\ 

fRcXVed RQ aQWi-diabeWic aQd aQWi-OeWhaUgic effecWV RQ e[SeUiPeQWaO aQiPaOV. ThiV VWXd\ iV 

cRQdXcWed dXe WR OacN Rf VWXd\ RQ WhiV Vea cXcXPbeU VSecieV, SWLFKRSXV KRUUHQV iQ diabeWic 

aQd faWigXe aQiPaO PRdeO. IQ addiWiRQ, Whe e[WeQW Rf aQWi-diabeWic aQd aQWi-OeWhaUgic effecW 

diffeUeQceV bURXghW b\ diffeUeQW SURceVViQg PeWhRdV Rf Vea cXcXPbeU bRd\ ZaOO fRU 

Pa[iPaO e[WUacWiRQ Rf biRacWiYe VXbVWaQceV iV VWXdied. TheRUeWicaOO\, e[WUacWV e[SRVed WR 

WZR diffeUeQW SURceVViQg PeWhRdV (h\dURO\ViV aQd HPP) aUe e[SecWed WR e[eUW Whe higheVW 

effecWV aV cRPSaUed WR e[WUacWV e[SRVed WR RQO\ RQe SURceVViQg PeWhRd dXe WR higheU 

cRQceQWUaWiRQ Rf biRacWiYe cRPSRXQd \ieOded. TheUefRUe, WhiV VWXd\ ZiOO e[aPiQe aQWi-

diabeWic aQd aQWi-OeWhaUgic effecW Rf diffeUeQW Vea cXcXPbeU SURceVViQg VaPSOeV RQ T\Se 2 

diabeWeV-iQdXced SD UaWV.  
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1.3 ObjecWiYeV 

1.3.1 General ObjecWiYe 

TR iQYeVWigaWe Whe aQWi-diabeWic aQd aQWi-OeWhaUgic effecWV Rf SWLFKRSXV KRUUHQV e[WUacW iQ 

T\Se 2 diabeWeV-iQdXced SSUagXe-DaZOe\ (SD) PaOe UaWV. 

 

1.3.2 Specific ObjecWiYeV 

1. TR deWeUPiQe Whe faVWiQg bORRd gOXcRVe OeYeO Rf diabeWic-iQdXced SD UaWV XSRQ 

WUeaWPeQW ZiWh SWLFKRSXV KRUUHQV e[WUacW (h\dURO\ViV RQO\, HPP RQO\, aQd HPP aQd 

h\dURO\ViV). 

2. TR deWeUPiQe Whe aQWi-OeWhaUgic effecW Rf SWLFKRSXV KRUUHQV e[WUacW (h\dURO\ViV RQO\, 

HPP RQO\, aQd HPP aQd h\dURO\ViV) iQ diabeWic-iQdXced SD UaWV XViQg RSeQ fieOd Pa]e 

WeVW. 

3. TR RbVeUYe Whe hiVWRSaWhRORgicaO chaQgeV Rf OiYeU, NidQe\, aQd SaQcUeaV iQ diabeWic-

iQdXced SD UaWV XSRQ WUeaWPeQW ZiWh SWLFKRSXV KRUUHQV e[WUacW (h\dURO\ViV RQO\, HPP 

RQO\, aQd HPP aQd h\dURO\ViV). 

 

1.4 H\poWheViV 

1. SWLFKRSXV KRUUHQV e[WUacW (HPP aQd h\dURO\ViV) ZiOO UedXce faVWiQg bORRd gOXcRVe iQ 

diabeWic-iQdXced SD UaWV. 

2. SWLFKRSXV KRUUHQV e[WUacW (HPP aQd h\dURO\ViV) ZiOO UedXce OeWhaUg\ Rf diabeWic-

iQdXced SD UaWV iQ RSeQ fieOd Pa]e WeVW. 

3. SWLFKRSXV KRUUHQV e[WUacW (HPP aQd h\dURO\ViV) ZiOO UeVWRUe hiVWRSaWhRORgicaO chaQgeV 

iQ OiYeU, NidQe\, aQd SaQcUeaV Rf diabeWic-iQdXced SD UaWV. 
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1.5 RaWionale of Whe SWXd\ 

ThiV VWXd\ iV VigQificaQW WR cRPe XS ZiWh a gRRd QaWXUaO SURdXcW caQdidaWe iQ UedXciQg 

bORRd gOXcRVe OeYeO aQd OeWhaUgic iQ T2DM iQdiYidXaOV aV RQe Rf Whe aOWeUQaWiYe WUeaWPeQWV 

iQ addiWiRQ WR cXUUeQW PedicaWiRQ. ThiV VSecific VSecieV Rf Vea cXcXPbeU, S. KRUUHQV had 

beeQ chRVeQ iQ WhiV VWXd\ becaXVe iW haV a high YaOXe iQ MaOa\Via, eaV\ WR RbWaiQ aQd PaNe 

iQWR QXWUiWiRQaO SURdXcW. FXUWheUPRUe, aV WheUe aUe PaQ\ RWheU Vea cXcXPbeU VSecieV WhaW 

haYe beeQ dePRQVWUaWed aV PediciQaO YaOXe b\ RWheU UeVeaUcheUV, cRPSaUiVRQ caQ be Pade 

beWZeeQ diffeUeQW Vea cXcXPbeU VSecieV WR deWeUPiQe Zhich Vea cXcXPbeU VSecieV caQ 

diVSOa\ Whe higheVW aQWi-diabeWic aQd aQWi-OeWhaUgic effecW ZiWh ORZ Vide effecWV.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



8 
 

CHAPTER TWO: REVIEW OF LITERATURE 
 

2.1 DiabeWeV melliWXV 

DiabeWeV PeOOiWXV iV defiQed aV a gURXS Rf PeWabROic diVeaVeV WhaW iV chaUacWeUiVed b\ 

high bORRd gOXcRVe OeYeO. IW iV iQiWiaWed ZiWh iQVXfficieQW SURdXcWiRQ Rf iQVXOiQ RU/aQd 

diPiQiVhed UeVSRQVe Rf WiVVXe WR iQVXOiQ WhaW VXbVeTXeQWO\ OeadV WR Whe defecW iQ iQVXOiQ 

acWiRQ. PaWieQWV ZiWh DM RfWeQ SUeVeQW V\PSWRPV OiNe ZeighW ORVV, SRO\XUia, SRO\diSVia, 

aQd iPSaiUPeQW iQ YiViRQ bXW Whe ZRUVeQiQg cRPSOicaWiRQV Rf DM Pa\ Oead WR SRWeQWiaO 

NidQe\ faiOXUe (QeShURSaWh\), ORVV Rf YiViRQ (UeWiQRSaWh\), aQd iQcUeaVed UiVN Rf 

aPSXWaWiRQ Rf bRd\ SaUWV. FXUWheUPRUe, iW iV PeQWiRQed b\ APeUicaQ DiabeWeV AVVRciaWiRQ 

(2013) WhaW SaWieQWV Rf DM Pa\ deYeORS UiVN WR aWheURVcOeURWic caUdiRYaVcXOaU, 

h\SeUWeQViRQ, aQd ceUebURYaVcXOaU diVeaVe. 

 

IQ QRUPaO cRQdiWiRQ, bORRd gOXcRVe OeYeO ZiOO UiVe afWeU fRRd iQWaNe, caXViQg Whe 

VecUeWiRQ Rf iQVXOiQ WR UedXce Whe gOXcRVe OeYeO bacN WR Whe baVeOiQe. The ciUcXOaWiQg iQVXOiQ 

ZiOO WheQ WUiggeU Whe gOXcRVe WR WUaYeO WR Whe adiSRc\WeV aQd VNeOeWaO PXVcOe fRU fXUWheU 

gOXcRVe XSWaNe Yia W\URViQe NiQaVe UeceSWRU SaWhZa\. ThiV SaWhZa\ iV iQiWiaWed ZheQ 

hRUPRQeV biQd WR ceOO-VXUface iQVXOiQ UeceSWRUV (IRV), faciOiWaWiQg aQ acWiYaWiRQ iQ Whe 

UeceSWRU WhaW VXbVeTXeQWO\ caXVeV W\URViQe ShRVShRU\OaWiRQ Rf iQVXOiQ UeceSWRU VXbVWUaWe 

(IRS). ThiV ShRVShRU\OaWed IRS ZiOO acWiYaWe ShRVShaWid\OiQRViWRO 3-NiQaVe (PI3K), 

UeVXOWiQg iQ ShRVShRU\OaWiRQ Rf VeUiQe/WhUeRQiQe-SURWeiQ NiQaVe (ANW). WheQ ANW iV 

acWiYaWed, iW ZiOO faciOiWaWe Whe WUaQVORcaWiRQ Rf iQWUaceOOXOaU gOXcRVe WUaQVSRUWeU 4 (GLUT4) 

RU gOXcRVe WUaQVSRUWeU 2 (GLUT2) WR Whe SOaVPa PePbUaQe WR eQhaQce gOXcRVe XSWaNe. 

ThXV, WhiV P13K/ANW VigQaOiQg SaWhZa\ ZiOO geQeUaWe gO\cRgeQ V\QWheViV, gOXcRVe XSWaNe, 

aQd gOXcRVe RXWSXW. HRZeYeU, WhiV VigQaOiQg SaWhZa\ iV iQhibiWed iQ iQVXOiQ UeViVWaQce 

VWaWe, WhXV, PRVW UeVeaUch VWXd\ fRcXV RQ Whe acWiYaWiRQ Rf P13K/ANW VigQaOiQg SaWhZa\ iQ 
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T\Se 2 diabeWic iQdiYidXaOV (WaQg HW aO., 2020). ThiV e[SOaiQV Whe PeWabROic abQRUPaOiWieV 

caXVed b\ diabeWeV PeOOiWXV WR RUgaQV OiNe VNeOeWaO PXVcOe, adiSRVe WiVVXe, OiYeU, aQd 

NidQe\ ZheQ Whe ceOOV aUe XQabOe WR XVe gOXcRVe aV Whe PaiQ eQeUg\ VRXUce dXe WR OacN Rf 

iQVXOiQ.  

 

2.1.1 T\peV of diabeWeV melliWXV 

DM iV geQeUaOO\ diYided iQWR VeYeUaO W\SeV Zhich aUe W\Se 1 diabeWeV, W\Se 2 diabeWeV, 

aQd geVWaWiRQaO diabeWeV. AccRXQWiQg fRU RQO\ abRXW fiYe WR WeQ SeUceQW Rf diabeWic SaWieQWV, 

T\Se 1 diabeWeV RU iQVXOiQ-deSeQdeQW diabeWeV iV caWegRUiVed baVed RQ Whe eWiRORg\ Zhich 

iV iPPXQe-PediaWed diabeWeV, aQd idiRSaWhic diabeWeV. IPPXQe-PediaWed diabeWeV iV 

deVcUibed aV ceOOXOaU-PediaWed deVWUXcWiRQ Rf Whe SaQcUeaWic beWa ceOOV WhaW deSicW abVROXWe 

deficieQc\ iQ iQVXOiQ WR cRXQWeU high gOXcRVe OeYeO. The deVWUXcWiRQ iV eYideQced b\ Whe 

SUeVeQce Rf PaUNeUV VXch aV iQVXOiQ aXWRaQWibRdieV, iVOeW ceOO aXWRaQWibRdieV, aQd 

aXWRaQWibRdieV WR W\URViQe ShRVShaWaVe IA-2 aQd IA-2ȕ (APeUicaQ DiabeWeV AVVRciaWiRQ, 

2013). MRUeRYeU, WhiV W\Se Rf diabeWeV haV a VWURQg aVVRciaWiRQ ZiWh HLA-DR/DQ aOOeOeV 

aQd iV aOVR UeOaWed WR eQYiURQPeQWaO facWRUV. T1DM iV PRUe cRPPRQ iQ chiOdUeQ WhaQ 

adXOWV aQd WheVe iQdiYidXaOV Qeed OifeORQg e[RgeQRXV iQVXOiQ UeSOacePeQW ZiWh QR RWheU 

WUeaWPeQW WR UeYeUVe Whe cRQdiWiRQ (AQWaU HW aO., 2023). 

 

T\Se 2 diabeWeV RU QRQ-iQVXOiQ deSeQdeQW diabeWeV, accRXQWiQg fRU 90% Rf diabeWeV 

caVeV, iV dXe WR Whe iPSaiUed iQVXOiQ VeQViWiYiW\ aQd/RU defecWiYe iQVXOiQ VecUeWiRQ. PaWieQWV 

ZiWh T2DM aUe QRUPaOO\ aVVRciaWed ZiWh RbeViW\ aQd WhiV iV OiQNed WR Whe e[WeQW Rf iQVXOiQ 

UeViVWaQce iQ aQ iQdiYidXaO. UQOiNe T1DM, T2DM iV aV\PSWRPaWic iQ eaUO\ VWage aV Whe 

V\PSWRPV aUe QRW VeYeUe eQRXgh fRU SaWieQWV WR deWecW aQ\ chaQge iQ Whe bRd\ aV RQO\ 

h\SeUgO\caePia iV SUeVeQW ZiWhRXW NeWRacidRViV. CRQWiQXRXV h\SeUgO\caePia fURP 
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UedXced iQVXOiQ OeYeOV ZiOO caXVe WaUgeW RUgaQ daPage (TOD) b\ eQhaQciQg Whe UiVN Rf 

PicURYaVcXOaU diVeaVe, aQd aWheURVcOeURWic PacURYaVcXOaU diVeaVe. UQOiNe iQdiYidXaOV 

diagQRVed ZiWh T1DM, Whe\ PighW QRW be deSeQdeQW RQ iQVXOiQ fRU Oife ViQce Whe\ caQ be 

WUeaWed b\ PXOWiSOe PedicaWiRQV aYaiOabOe RQ Whe PaUNeW, aQd chaQgeV iQ OifeVW\Oe SUacWice 

(AQWaU HW aO., 2023). 

 

GeVWaWiRQaO diabeWeV iV a SUegQaQc\-UeOaWed h\SeUgO\caePia RccXUUiQg iQ Whe PRWheU 

bXW Pa\ iQdXce high UiVN Rf diabeWeV iQ QeZbRUQ RU feWXV ZheQ Whe\ Ueach adXOWhRRd. IW iV 

chaUacWeUiVed ZheQ Whe SUegQaQW PRWheU iQiWiaOO\ dReV QRW haYe diabeWeV SUiRU WR Whe 

SUegQaQc\ bXW deSicWV h\SeUgO\caePia dXUiQg SUegQaQc\. NRUPaOO\, WhiV ZiOO be UeVROYed 

RQce Whe feWXV iV bRUQ bXW PRWheUV ZiWh geVWaWiRQaO diabeWeV dR haYe Whe UiVN Rf deYeORSiQg 

SUe-ecOaPSVia, aQd geVWaWiRQaO h\SeUWeQViRQ. The SaWhRgeQeViV Rf geVWaWiRQaO diabeWeV iV 

XQcOeaU, bXW iW PighW be dXe WR cRPSOe[ iQWeUacWiRQ Rf VeYeUaO facWRUV OiNe geQeWic, 

PeWabROic, aQd eQYiURQPeQWaO facWRUV (AQWaU HW aO., 2023�. 

 

2.1.2 PreYalence of diabeWeV melliWXV 

AccRUdiQg WR HRVVaiQ HW aO. (2024�, 240 PiOOiRQ iQdiYidXaOV aUe eVWiPaWed WR be haYiQg 

XQdiagQRVed diabeWeV, RccXS\iQg haOf Rf Whe adXOWV ZRUOdZide. The aQWiciSaWiRQ Rf 

diabeWeV SUeYaOeQce Pade b\ Whe IQWeUQaWiRQaO DiabeWeV FedeUaWiRQ (2024) iQ 2030 aQd 

2045 iV 643 aQd 783 PiOOiRQ UeVSecWiYeO\ aV iW iV aVVXPed WhaW aSSUR[iPaWeO\ 537 PiOOiRQ 

iQdiYidXaOV ZeUe OiYiQg ZiWh diabeWeV iQ 2021. IQdia, ChiQa, USA, JaSaQ, RXVVia, BUa]iO, 

PaNiVWaQ, BaQgOadeVh, IWaO\ aQd IQdRQeVia RccXS\ Whe WRS 10 QaWiRQV ZiWh higheVW diabeWeV 

SUeYaOeQce aURXQd Whe ZRUOd (IQWeUQaWiRQaO DiabeWeV FedeUaWiRQ, 2024). IQ addiWiRQ, iQ 

2021, gORbaO SUeYaOeQce Rf DM RXWbUeaNV NRUWh AfUica aQd MiddOe EaVW ZiWh 39.4% aQd 

QaWaU ZiWh 76.1%. The VXbVWaQWiaO UiVe iQ Whe SUeYaOeQce Rf T2DM fURP 2000 WR 2021 iV 
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SURbabO\ dXe WR Whe high UiVe Rf ecRQRPic gURZWh, aQd UaSid XUbaQi]aWiRQ WhaW dUiYeV Whe 

iQcUeaVe iQ RbeViW\ caVeV, Zhich SRVeV aV a UiVN facWRU fRU DM. MRUeRYeU, PRVW Rf Whe 

diabeWeV SUeYaOeQce cRPeV fURP ORZ aQd PiddOe-iQcRPe cRXQWUieV aV cRPSaUed WR high-

iQcRPe cRXQWUieV. AV UeSRUWed b\ RXbeQ & KhaiUXO Hafid] AONhaiU KhaiUXO APiQ (2023), 

NQRZQ diabeWic iQdiYidXaOV iQ MaOa\Via had decUeaVed fURP 1,999,450 iQ 2019 WR 870,771 

iQ 2023. 

 

2.1.3 MeWabolic profile on deYelopmenW of T\pe 2 DiabeWeV in hXman 

IQ hXPaQV, Whe SURgUeVViRQ Rf T2DM WUaQViWiRQV fURP heaOWh\ VWaWe, SUediabeWeV, aQd 

eYeQWXaOO\ WR diabeWic VWaWe. IQ heaOWh\ iQdiYidXaOV, e[ceVV gOXcRVe ZiOO be accRPPRdaWed 

b\ OiYeU aQd PXVcOe WiVVXe iQ Whe fRUP Rf gO\cRgeQ XQWiO iW fXOO\ RccXSieV Whe VWRUage. ThiV 

ZiOO WheQ iQiWiaWe GH QRYR OiSRgeQeViV iQ Whe OiYeU aQd adiSRVe WiVVXe WR UePRYe e[ceVV 

gOXcRVe fURP Whe bORRdVWUeaP. HRZeYeU, Whe cRQYeUViRQ WR SUediabeWic VWaWe iQiWiaWeV 

iQVXOiQ UeViVWaQce, h\SeUiQVXOiQaePia, aQd d\VOiSidaePia WhaW affecWV VeYeUaO RUgaQV OiNe 

OiYeU, VNeOeWaO PXVcOe, aQd adiSRVe WiVVXe. WheQ e[ceVV gOXcRVe iV diUecWed WR adiSRVe 

WiVVXe VWRUe, iW UeVXOWV iQ Whe e[SaQViRQ Rf adiSRVe WiVVXe. The d\VfXQcWiRQaO adiSRVe WiVVXe 

ZiOO caXVe accXPXOaWiRQ Rf faW iQ QRQ-adiSRVe WiVVXe OiNe PXVcOe, OiYeU, aQd beWa ceOOV, 

OeadiQg WR heSaWic iQVXOiQ UeViVWaQce ZiWh UedXced gO\cRgeQ V\QWheViV aQd iQcUeaVed 

gOXcRQeRgeQeViV. ThiV cRQWUibXWeV WR h\SeUgO\caePia, aQd Whe SURgUeVViRQ Rf SUediabeWeV 

WR fUaQN diabeWeV WaNeV SOace dXe WR geQeWic VXVceSWibiOiW\. IQ fUaQN diabeWeV, iW iV 

chaUacWeUiVed b\ Whe VigQificaQW ORVV Rf fXQcWiRQaO beWa ceOO PaVV. IW iV defiQed aV Whe 

SURdXcW Rf Sh\VicaO beWa ceOO PaVV aQd iWV fXQcWiRQ iQ VXSSUeVViQg iQVXOiQ VecUeWiRQ aQd 

gOXcRVe-VWiPXOaWed SXOVaWiOe iQVXOiQ UeOeaVe. TheUefRUe, iQ WhiV VWaWe, RQe Pa\ e[SeUieQce 
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ORVV Rf iQVXOiQ VecUeWiRQ, iQcUeaVed ciUcXOaWiQg SUR-iQVXOiQ-WR-iQVXOiQ UaWiR, aQd ORVV Rf 

SXOVaWiOe iQVXOiQ RVciOOaWiRQ (SNRYV¡, 2014). 

 

2.2 PaWhoph\Violog\ of diabeWeV melliWXV 

SiQce diabeWeV iV a cRPSOe[ PeWabROic diVeaVe WhaW UeVXOWV fURP Whe PaOfXQcWiRQiQg Rf 

Whe feedbacN ORRSV beWZeeQ VecUeWiRQ aQd acWiRQ Rf Whe gOXcRVe-ORZeUiQg hRUPRQe, 

iQVXOiQ, SaWhRSh\ViRORg\ Rf Whe diVeaVe VhRXOd be XQdeUVWRRd WhaW fXUWheU iQYROYeV Whe 

beWa ceOOV d\VfXQcWiRQ, PiWRchRQdUiaO d\VfXQcWiRQ, aQd iQVXOiQ UeViVWaQce iQ VeYeUaO RUgaQV 

OiNe OiYeU, VNeOeWaO PXVcOe, aQd adiSRVe WiVVXe WhaW SOa\ SaUW iQ Whe SaWhRgeQeViV Rf T2DM.  

 

2.2.1 BeWa cell d\VfXncWion 

BeWa ceOOV aUe ceOOV WhaW WaNe cRQWURO RYeU Whe VecUeWiRQ Rf iQVXOiQ Zhich iQiWiaOO\ aUe 

V\QWheVi]ed aV SUe-SURiQVXOiQ. AV SUe-SURiQVXOiQ, iW ZiOO XQdeUgR a cRQfRUPaWiRQ chaQge 

WR SURiQVXOiQ ZiWh Whe heOS Rf VRPe SURWeiQV iQ Whe eQdRSOaVPic UeWicXOXP (ER) VR WhaW iW 

caQ be SacNaged b\ GROgi aSSaUaWXV iQ VecUeWRU\ YeVicOeV aQd cOeaYed iQWR iQVXOiQ aQd C-

SeSWide. AfWeU PaWXUaWiRQ, iQVXOiQ ZiOO be VWRUed iQ gUaQXOeV XQWiO Whe WUiggeU Rf iQVXOiQ iV 

acWiYaWed, Zhich iV PaiQO\ fURP Whe high bORRd gOXcRVe OeYeO. IQ WhiV caVe, beWa ceOOV ZiOO 

WaNe iQ gOXcRVe Yia GLUT2 fRU gOXcRVe caWabROiVP. ThiV ZiOO iQcUeaVe Whe iQWUaceOOXOaU 

ATP/ADP UaWiR, caXViQg ATP-deSeQdeQW SRWaVViXP chaQQeOV WR be cORVed. WheQ 

SRWaVViXP chaQQeOV aUe cORVed, PePbUaQe deSROaUiVaWiRQ ZiOO WaNe SOace, OeadiQg WR Whe 

RSeQiQg Rf caOciXP chaQQeOV aQd eQWU\ Rf caOciXP iRQ iQWR Whe ceOOV. The iQcUeaVe Rf 

caOciXP iRQV iQ Whe ceOOV ZiOO WUiggeU e[Rc\WRViV.  
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The d\VfXQcWiRQ Rf beWa ceOOV haV beeQ SURYeQ WR be aVVRciaWed ZiWh a cRPSOe[ 

QeWZRUN Rf eQYiURQPeQWaO aQd PROecXOaU SaWhZa\V iQWeUacWiRQ, eVSeciaOO\ iQ e[ceVViYe 

QXWUiWiRQaO VWaWeV OiNe RbeViW\. USRQ RbeViW\, e[ceVV fUee faWW\ acid aQd gOXcRVe iQ Whe bRd\ 

ZiOO faYRU Whe iQcUeaVe iQ ER VWUeVV, OeadiQg WR chURQic iQfOaPPaWiRQ aQd iQVXOiQ UeViVWaQce 

(IR) iQ VeYeUaO RUgaQV b\ Whe acWiYaWiRQ Rf aSRSWRWic XQfROded SURWeiQ UeVSRQVe (UPR) 

SaWhZa\. ThiV UPR SaWhZa\ iV acWiYaWed b\ VeYeUaO PechaQiVPV OiNe iQhibiWiRQ Rf 

VaUcRSOaVPic aQd eQdRSOaVPic UeWicXOXP caOciXP iRQ ATPaVe (SERCA) WhaW faciOiWaWeV 

PRbiOiVaWiRQ Rf caOciXP iRQ iQ ER aQd diUecW iPSaiUPeQW iQ Whe ER hRPeRVWaViV. 

FXUWheUPRUe, ZheQ e[ceVV gOXcRVe iV SUeVeQW, SURiQVXOiQ biRV\QWheViV aQd iVOeW aP\ORid 

SRO\SeSWideV (IAAP) ZiOO UiVe, caXViQg PiVfROded iQVXOiQ aQd IAAP WR be iQcUeaVed iQ beWa 

ceOOV aQd faYRU ROS SURdXcWiRQ (GaOicia-GaUcia HW aO., 2020). 

 

2.2.2 MiWochondrial d\VfXncWion 

SeYeUaO eYideQce had SURYed WhaW T2DM deYeORSPeQW aOVR aUiVeV fURP PiWRchRQdUiaO 

d\VfXQcWiRQ dXe WR VeYeUaO facWRUV OiNe defecWiYe PiWRchRQdUiaO biRgeQeViV, R[idaWiYe 

VWUeVV, agiQg, aQd geQeWic PXWaWiRQV WhaW affecW Whe iQWegUiW\ Rf PiWRchRQdUia. FRU iQVWaQce, 

a VWXd\ b\ MRRWha HW aO. (2003) fRXQd WhaW SaWieQWV ZiWh T2DM had dRZQUegXOaWiRQ Rf 

R[idaWiYe PeWabROiVP geQeV WhaW aUe UegXOaWed b\ SeUR[iVRPe SUROifeUaWRU-acWiYaWed 

UeceSWRU Ȗ cR-acWiYaWRU 1Į (PCG 1Į) aQd UedXced ShRVShRcUeaWiQe Ue-V\QWheViV UaWe WhaW 

SRiQW WR iPSaiUPeQW iQ PiWRchRQdUiaO fXQcWiRQ. PCG 1Į iV geQeUaOO\ iQYROYed iQ UegXOaWiQg 

Whe e[SUeVViRQ Rf geQeV iQ PiWRchRQdUiaO biRgeQeViV, acWiQg aV WUaQVcUiSWiRQ cRacWiYaWRU. 

WhiOe PiWRchRQdUia¶V PaiQ fXQcWiRQ iV WR V\QWheViVe ATP iQ UeVSRQVe WR PeWabROic 

dePaQd, iW aOVR WaNeV SaUW iQ RWheU UROeV OiNe ROS cOeaUaQce, VWUeVV UeVSRQVe, SURdXcWiRQ 

Rf PeWabROiWeV, aQd PaiQWeQaQce Rf iRQ hRPeRVWaViV. TheUefRUe, VeYeUe accXPXOaWiRQ Rf 

ROS iQ Whe PiWRchRQdUia, eVSeciaOO\ iQ Whe cRPSOe[ I aQd III Rf ETC dXe WR iQcUeaVe iQ 
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Whe eOecWURQ VXSSO\ WR Whe PiWRchRQdUia ETC, ZiOO Oead WR Whe geQeUaWiRQ Rf h\dURgeQ 

SeUR[ide. The ROS geQeUaWed ZiOO daPage Whe DNA, aQd OiSid PePbUaQe, VXbMecWiQg iW 

WR PiWRShagic SURceVVeV WR eOiPiQaWe Whe d\VfXQcWiRQaO PiWRchRQdUia. AV a UeVXOW, iW ZiOO 

UedXce VXbVWUaWe XWiOiVaWiRQ aQd eQhaQce accXPXOaWiRQ Rf OiSid iQWeUPediaWeV OiNe ceUaPide 

(CER) aQd diac\OgO\ceURO (DAG). ThiV OiSid iQWeUPediaWe ZiOO iQWeUUXSW Whe iQVXOiQ 

VigQaOiQg SaWhZa\, iQ Zhich CER ZiOO iQhibiW SURWeiQ NiQaVe AKT ZhiOe DAG ZiOO 

iQcUeaVe VeUiQe/ WhUeRQiQe ShRVShRU\OaWiRQ Rf IRS-1, caXViQg Whe dRZQVWUeaP SURSagaWiRQ 

Rf iQVXOiQ VigQaOiQg SaWhZa\ (GaOicia-GaUcia HW aO., 2020). 

 

2.2.3 InVXlin reViVWance 

DXe WR Whe OiQNage beWZeeQ T2DM aQd iQVXOiQ UeViVWaQce, ZheUe Whe\ aUe RfWeQ SUeVeQW 

WRgeWheU, iQVXOiQ UeViVWaQce iV defiQed aV Whe iPSaiUed UeVSRQVe Rf iQVXOiQ-UeVSRQViYe ceOOV 

WR ciUcXOaWiQg iQVXOiQ, iQ Zhich iW iV a VWaWe ZheUe Whe\ aUe QRW iQfOXeQced b\ Whe iQcUeaVe 

RU decUeaVe iQ Whe bORRd gOXcRVe OeYeO. TheUefRUe, WhiV iQVXOiQ-deficieQW cRQdiWiRQ caQ be 

caWegRUiVed iQWR WhUee W\SeV, Zhich aUe iQVXOiQ aQWagRQiVWV iQ SOaVPa, diPiQiVhed iQVXOiQ 

UeVSRQVe, aQd UedXced iQVXOiQ VecUeWiRQ b\ Whe beWa ceOOV Rf SaQcUeaV. AddiWiRQaOO\, dXUiQg 

faVWiQg VWaWe, iQVXOiQ UeVSRQVe iV cRQWUROOed b\ VeYeUaO hRUPRQeV VXch aV gOXcagRQ, 

caWechROaPiQeV, aQd gOXcRcRUWicRidV, ZiWh each haYiQg UeVSecWiYe fXQcWiRQV. FRU iQVWaQce, 

gOXcagRQ ZiOO SeUfRUP gO\cRgeQRO\ViV ZhiOe caWechROaPiQeV ZiOO SURPRWe OiSRO\ViV aQd 

gO\cRgeQRO\ViV.  GOXcRcRUWicRidV ZiOO WaNe SaUW iQ gOXcRQeRgeQeViV, OiSRO\ViV, aQd OaVWO\ 

PXVcOe caWabROiVP. HRZeYeU, iQ cRQdiWiRQV ZheUe WheVe aUe e[ceVViYeO\ SURdXced, iW Pa\ 

NicN Rff Whe VWaUW Rf iQVXOiQ UeViVWaQce iQ VeYeUaO RUgaQV OiNe VNeOeWaO PXVcOe, OiYeU, aQd 

adiSRVe WiVVXe, OeadiQg WR deYeORSPeQW Rf V\VWePic IR aQd caXViQg T2DM (GaOicia-GaUcia 

HW aO., 2020).  
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AQ iQdiYidXaO VNeOeWaO PXVcOe ceOO cRPSUiVeV Rf highO\ VWUXcWXUed P\RfibeUV, iQ Zhich, 

iQ each P\RfibeU, WheUe aUe ORWV Rf P\RfibUiOV ZiWhiQ iW, WhaW VNeOeWaO PXVcOe iV aOPRVW haOf 

Whe bRd\ ZeighW ZeighW. IQ fed VWaWe, abRXW 70% Rf gOXcRVe ZiOO be diUecWed WR Whe VNeOeWaO 

PXVcOe fRU XSWaNe b\ GLUT4, ZhiOe Whe UeVW ZiOO be XVed b\ Whe OiYeU. ThiV SURYeV WhaW 

VNeOeWaO PXVcOe hROdV Whe OaUgeVW SRUWiRQ Rf Whe gOXcRVe XSWaNe iQ Whe bRd\. TheUefRUe, 

dXUiQg Whe SURgUeVViRQ Rf T2DM, Whe high gOXcRVe OeYeO ZiOO VWiPXOaWe Whe SaQcUeaV WR 

PaNe PRUe iQVXOiQ, OeadiQg WR h\SeUiQVXOiQaePia, aQd iQcUeaVed XSWaNe b\ Whe VNeOeWaO 

PXVcOe. ThiV iV e[SOaiQed ZheQ WheUe iV eYideQce Rf Whe decUeaVe iQ PXVcOe YROXPe iQ 

iQdiYidXaOV ZiWh T2DM, WhaW Pa\ affecW Whe gOXcRVe PeWabROiVP iQ Whe bRd\ (RahPaQ HW 

aO., 2021). ThXV, if WheUe iV aQ\ PXWaWiRQ WhaW UedXceV e[SUeVViRQ Rf GLUT4, iQVXOiQ 

UeceSWRU RU XSVWUeaP aQd dRZQVWUeaP VigQaOiQg SaWhZa\, gOXcRVe XSWaNe iQWR PXVcOe ZiOO 

be gUeaWO\ iPSaiUed (GaOicia-GaUcia HW aO., 2020). 

 

LiYeU iV Whe PaMRU ViWe Rf iQVXOiQ acWiRQ fRU gO\caePic cRQWURO, OiNe V\QWheVi]iQg 

gOXcRVe iQWR gO\cRgeQ fRU VWRUage, cRQYeUWiQg e[ceVV gOXcRVe iQWR faWW\ acidV aQd 

WUigO\ceUide, aQd XSUegXOaWiQg gOXcRVe XWiOiVaWiRQ, gO\cRO\ViV, aQd gO\cRgeQeViV. AW Whe 

VaPe WiPe, iQVXOiQ fXQcWiRQV WR dRZQUegXOaWe gOXcRVe SURdXcWiRQ, gOXcRQeRgeQeViV, aQd 

gO\cRgeQRO\ViV b\ Whe gOXcRVe XSWaNe iQWR adiSRVe WiVVXe aQd VNeOeWaO PXVcOe. IQ heaOWh\ 

iQdiYidXaOV, Whe UedXcWiRQ iQ gOXcRVe WaNeV SOace b\ Whe P13K/ShRVShRU\OaWiRQ Rf Whe 

ANW/IRS-1 SaWhZa\ WR eQhaQce gO\cRgeQ V\QWheViV, aQd aW Whe VaPe WiPe, iQhibiW 

gOXcRQeRgeQeViV. HRZeYeU, iQ T2DM iQdiYidXaOV, Whe P13K/ANW VigQaOiQg SaWhZa\ iV 

iQhibiWed b\ iQVXOiQ UeViVWaQce PechaQiVP, WhaW RWheU VWXdieV haYe cRQfiUPed Whe 

iPSRUWaQce Rf acWiYaWiQg P13K/ANW VigQaOiQg SaWhZa\ aV RQe Rf Whe VWUaWegieV WR iPSURYe 

SURgUeVViRQ Rf T2DM (RahPaQ HW aO., 2021). IR VWaWe aOORZV iPSaiUPeQW iQ gO\cRgeQ 
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V\QWheViV aQd SURPRWeV aQ iQcUeaVe iQ Whe OiSRgeQeViV aQd SURiQfOaPPaWRU\ CRP (GaOicia-

GaUcia HW aO., 2020). 

 

AdiSRVe WiVVXe WaNeV SaUW iQ Whe SURdXcWiRQ Rf VeYeUaO biRORgicaOO\ acWiYe cRPSRXQdV 

WhaW UegXOaWe PeWabROic hRPeRVWaViV aW V\VWePic OeYeO. MRUeRYeU, adiSRVe WiVVXe iV OiQNed 

WR iQVXOiQ aV iW heOSV WR VWiPXOaWe WUigO\ceUide V\QWheViV aQd VXSSUeVV WUigO\ceUide 

h\dURO\ViV. IQ fed VWaWe, gOXcRVe XSWaNe iQWR adiSRc\WeV ZiOO WaNe SOace Yia GLUT4, 

aOORZiQg gO\ceURO-3-ShRVShaWe WR be SURdXced fRU Whe fRUPaWiRQ Rf WUiac\OgO\ceURO 

WRgeWheU ZiWh faWW\ acidV. ThXV, if WheUe iV aQ iPSaiUed UeVSRQVe Rf adiSRVe WiVVXe WR Whe 

iQVXOiQ, iW Pa\ caXVe iPSaiUed VXSSUeVViRQ Rf OiSRO\ViV aQd iQcUeaVe fUee faWW\ acid UeOeaVe 

iQWR Whe SOaVPa. ThiV cRQdiWiRQ iV caXVed b\ defecWiYe AKT acWiYaWiRQ WhaW haV affecWed 

Whe WUaQVORcaWiRQ Rf GLUT4 WR Whe SOaVPa PePbUaQe (GaOicia-GaUcia HW aO., 2020). 

 

2.3 EffecW of enYironmenWal Wo[in and chemicalV in diabeWeV melliWXV 

IQ T2DM, Whe ORQg-WeUP e[SRVXUe WR eQYiURQPeQWaO WR[iQV aQd chePicaOV iV fRXQd WR 

be RQe Rf Whe UiVN facWRUV WR DM (BRQiQi & SaUgiV, 2018). EQYiURQPeQWaO e[SRVXUe Pa\ 

iQdXce high R[idaWiYe VWUeVV WR Whe bRd\, cRPSURPiViQg Whe YiabiOiW\ Rf beWa ceOOV iQ Whe 

SaQcUeaV. IQ VRPe UeVeaUch, iW ZaV fRXQd WhaW R[idaWiYe VWUeVV caQ iQdXce chaQgeV iQ Whe 

Za\ WaUgeW ceOOV UeacW WR iQVXOiQ aQd VeQVe WheP. FRU e[aPSOe, ROS caQ iQdXce SUR-

R[idaWiYe UeacWiRQV, PRdif\iQg iQVXOiQ UeceSWRUV aQd iWV VXbVWUaWe iQ VigQaOiQg SaWhZa\. 

AV R[idaWiYe VWUeVV iV defiQed aV Whe RYeUZheOPiQg SURdXcWiRQ Rf UeacWiYe R[\geQ VSecieV 

(ROS), ROS diffeUV iQ WeUPV Rf chePicaO VWUXcWXUe, iQ Zhich VRPe aUe VXSeUR[ide UadicaO 

WhaW acW aV eiWheU R[idaQW RU UedXcWaQW aQd VRPe aUe h\dURgeQ SeUR[ide, aQd SeUR[\QiWUiWe 

WhaW acW aV R[idaQWV. The acWiRQ Rf ROS ZiOO bUiQg a diVeTXiOibUiXP beWZeeQ R[idaWiRQ aQd 

aQWiR[idaWiRQ V\VWeP, WhaW Pa\ cRQVeTXeQWO\ caXVe R[idaWiYe daPage WR Whe WiVVXe aQd 
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ceOOV iQ Whe bRd\. If R[idaWiYe VWUeVV acWV RQ beWa ceOOV Rf Whe iVOeW Rf LaQgeUhaQV, iW Pa\ 

affecW Whe fXQcWiRQ aQd aPRXQW SURdXced (AQWaU HW aO., 2023). FRU iQVWaQce, WheUe aUe 

VeYeUaO eQYiURQPeQWaO WR[iQV OiNe aUVeQic WhaW haYe beeQ SURYeQ WR cRQWUibXWe WR Whe 

accXPXOaWiRQ Rf ROS, SURgUeVViQg WR T2DM.  

 

DXe WR iWV abiOiW\ aV PiWRchRQdUiaO eOecWURQ WUaQVSRUW (ETC) diVUXSWRU, aUVeQic (AV) iV 

NQRZQ WR be a SRWeQW iQdXceU Rf R[idaWiYe VWUeVV, aOORZiQg ROS WR be VigQificaQWO\ 

SURdXced iQ Whe PiWRchRQdUia. IW acWV b\ Whe PechaQiVP Rf daPSeQiQg Whe e[SUeVViRQ Rf 

ViUWXiQ-3, a PiWRchRQdUiaO deaceW\OaVe WhaW heOSV WR acWiYaWe VRPe ETC cRPSOe[eV aQd 

VXSeUR[ide diVPXWaVe acWiYiW\ Rf SOD2. IQ Whe caVe Rf aQ iQcUeaVe iQ PiWRchRQdUiaO ROS, 

ceOOXOaU PeWabROiVP ZiOO e[ecXWe a VZiWch fURP R[idaWiYe ShRVShRU\OaWiRQ WR gO\cRO\ViV, 

UeVXOWiQg iQ Whe iQcUeaVe iQ UeacWiYe caUbRQ\OV OiNe aceWRaceWaWe aQd PeWh\OgO\R[aO WhaW 

haV beeQ OiQNed WR Whe T2DM deYeORSPeQW. HRZeYeU, WR cRXQWeU Whe deWUiPeQWaO effecW Rf 

AV, dieWaU\ VeOeQiXP iV RfWeQ XVed Zhich iQYROYeV a VeOeQRSURWeiQ, NQRZQ aV gOXWaWhiRQe-

SeUR[idaVe I (GP[-1). B\ cRQVXPiQg RQe PROecXOe Rf gOXWaWhiRQe, GP[-1 caQ UedXce RQe 

PROecXOe Rf h\dURgeQ SeUR[ide, aOORZiQg haUPfXO ROS WR be UedXced WR ZaWeU (BRQiQi & 

SaUgiV, 2018). 

 

2.4 ComplicaWionV of T\pe 2 diabeWeV melliWXV 

T2DM iV NQRZQ aV a PXOWiV\VWeP diVeaVe WhaW haV VWURQg cRUUeOaWiRQ ZiWh 

cRPSOicaWiRQV iQ VeYeUaO RUgaQV OiNe aRUWa, aQd NidQe\ aV SRUWUa\ed iQ FigXUe 2.1, OeadiQg 

WR aQ iQcUeaVe iQ Whe PRUWaOiW\ UaWe Rf diabeWic iQdiYidXaOV RU SRViQg a ORQg-WeUP heaOWh 

UiVN. PRRUO\ cRQWUROOed bORRd gOXcRVe OeYeO fRU ORQg WeUP dXUaWiRQ PighW iQeYiWabO\ bUiQg 

daPagiQg effecWV WR VRPe RUgaQV. 
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FigXUe 2.1: EffecWV Rf diabeWeV RQ hXPaQ RUgaQV 

SRXUce: ChRNVi HW aO. (2022) 

 

2.4.1 AorWa 

CaUdiRYaVcXOaU UiVNV OiNe heaUW diVeaVe aQd VWURNe aUe RQe Rf Whe PRVW Oife-WhUeaWeQiQg 

cRPSOicaWiRQV WhaW Pa\ UeVXOW iQ Whe deYeORSPeQW Rf aWheURVcOeURViV iQ eQdRWheOiXP, 

VXbVeTXeQWO\ OeadiQg WR VeYeUe cRURQaU\ aUWeU\ diVeaVe, aQd SeUiSheUaO YaVcXOaU diVeaVe. 

PeUWaiQiQg WR eQdRWheOiXP, iW fXQcWiRQV WR UegXOaWe Whe VWUXcWXUe aQd WRQe Rf Whe YaVcXOaU 

V\VWeP b\ baOaQciQg Whe UeOeaVe Rf eQdRWheOiaO-deUiYed cRQWUacWiQg aQd UeOa[iQg facWRUV. 

IQ WhiV Za\, aSSURSUiaWe cRQWUacWiRQ aQd UeOa[aWiRQ Rf Whe YaVcXOaU ZaOO caQ be SeUfRUPed. 

HRZeYeU, WhiV baOaQciQg SURSeUW\ Rf eQdRWheOiXP iV PXch affecWed aQd aOWeUed iQ T2DM 
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cRQdiWiRQV dXe WR eQdRWheOiaO d\VfXQcWiRQ, R[idaWiYe VWUeVV, aQd iQfOaPPaWiRQ WhaW WaNeV 

SOace. IQ h\SeUgO\caePic VWaWe, YaVcXOaU eQdRWheOiaO ceOOV aUe VXVceSWibOe WR deYeORSiQg 

iQWR iQWUaceOOXOaU h\SeUgO\caePia becaXVe gOXcRVe caQ diffXVe WhURXgh Whe SOaVPa 

PePbUaQe. ThiV iV e[SOaiQed ZheQ Whe e[ceVV gOXcRVe iV PeWabROiVed Yia SRO\RO SaWhZa\ 

WR cRQYeUW iW WR VRUbiWRO aQd fUXcWRVe b\ aQ eQ]\Pe NQRZQ aV aOdRVe UedXcWaVe. ThiV 

eQ]\Pe ZiOO VWiPXOaWe Whe acWiYaWiRQ Rf aOdRVe UedXcWaVe VecRQdaU\ PeWabROic SaWhZa\, 

R[idi]e NADPH WR NADP+ aQd UedXce NAD+ WR NADH. ThiV cRQViVWeQW VWiPXOaWiRQ ZiOO 

caXVe Whe deSOeWiRQ Rf NADPH aQd cRQYeUVeO\, iQcUeaVe Whe NADH/NAD+ UaWiR. ThiV 

chaQge ZiOO acceOeUaWe gO\cRO\ViV aQd VSeed XS de QRYR V\QWheViV Rf DAG, caXViQg SURWeiQ 

NiQaVe C (PKC) WR be acWiYaWed. WheQ PKC iV acWiYaWed, QiWUic R[ide (NO) ZiOO be UedXced. 

TheVe ZiOO eYeQWXaOO\ caXVe YaVcXOaU SeUPeabiOiW\ aQd iQcUeaVe Whe cRQWUacWiOiW\ Rf 

YaVcXOaU ZaOO. IQ addiWiRQ WR WhaW, if aOdRVe eQ]\Pe iV VigQificaQWO\ SURdXced, WhiV ZiOO 

iQiWiaWe PRUe SURWeiQ gO\cRV\OaWiRQ WhaW Pa\ \ieOd APadRUi SURdXcWV aQd AGE. SiQce AGE 

iV highO\ aVVRciaWed ZiWh ROS SURdXcWiRQ, R[idaWiYe VWUeVV SURdXcWiRQ ZiOO be iQcUeaVed, 

caXViQg YaVcXOaU OeViRQ (GaOicia-GaUcia HW aO., 2020). 

 

2.4.2 Kidne\ 

DiabeWic-iQdXced h\SeUgO\caePia Pa\ aOVR UeVXOW iQ UeQaO cRPSOicaWiRQV ZiWh 

hePRd\QaPic, iQfOaPPaWRU\, fibURViV, aQd R[idaWiYe VWUeVV aV PaMRU deWeUPiQaQWV Rf WhiV 

SaWhRORgicaO SURceVV. AV fRU hePRd\QaPicV, h\SeUgO\caePia ZiOO Oead WR aQ iQcUeaVe iQ 

RVPROaUiW\ ZiWhiQ Whe caSiOOaUieV Rf gORPeUXOXV WhaW SURPRWeV high gORPeUXOaU SUeVVXUe 

aQd diOaWiRQ Rf affeUeQW aUWeUiROeV. WheQ affeUeQW aUWeUiROeV diOaWe WRR RfWeQ, h\SeUfiOWUaWiRQ 

PighW RccXU, aOWeUiQg Whe YaVRacWiYe V\VWeP ZiWhiQ Whe NidQe\V. SeYeUaO YaVRacWiYe 

V\VWePV OiNe UeQiQ-aQgiRWeQViQ-aOdRVWeURQe V\VWeP (RAAS), SRO\RO, SURWeiQ NiQaVe C 

(PKC), aQd AGE deSeQdeQW SaWhZa\V aUe highO\ acWiYaWed. The cRQVWaQW acWiYaWiRQ Rf 
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RAAS iV dXe WR Whe iQcUeaVe iQ aQgiRWeQViQ II hRUPRQe WhaW ZiOO fXUWheU VWiPXOaWe 

YaVRcRQVWUicWiRQ Rf effeUeQW aUWeUiROeV. The dXaO cRPbiQaWiRQ Rf YaVRdiOaWiRQ iQ affeUeQW 

aUWeUiROeV aQd YaVRcRQVWUicWiRQ iQ effeUeQW aUWeUiROeV OeadV WR iQcUeaVed gORPeUXOaU 

fiOWUaWiRQ UaWe aQd SUeVVXUe, caXViQg gORPeUXOaU aQd WXbXOaU iQMXU\. SRPe Ne\ feaWXUeV Rf 

UeQaO cRPSOicaWiRQV iQdXced b\ diabeWeV aUe gORPeUXORVcOeURViV, WhicNeQiQg Rf gORPeUXOaU 

baVePeQW PePbUaQe, PeVaQgiaO e[SaQViRQ, aQd SURgUeVViYe decOiQe iQ UeQaO fXQcWiRQ dXe 

WR Whe PRUShRORgicaO aQd fXQcWiRQaO chaQgeV iQ Whe gORPeUXOXV aQd NidQe\ WXbXOeV (Jha HW 

aO., 2024). 

 

2.5 TreaWmenW of T\pe 2 diabeWeV melliWXV 

TR VORZ dRZQ Whe SURgUeVViRQ aQd deYeORSPeQW Rf T2DM aQd iWV UeOaWed 

cRPSOicaWiRQV, WUeaWPeQW aOgRUiWhPV haYe beeQ deVigQed ZiWh a cRPbiQaWiRQ Rf 

ShaUPacRORgicaO WUeaWPeQW aQd OifeVW\Oe chaQgeV WR achieYe gUeaW gO\caePic cRQWURO. 

APeUicaQ DiabeWeV AVVRciaWiRQ (ADA), aQd EXURSeaQ AVVRciaWiRQ fRU Whe SWXd\ Rf 

DiabeWeV (EASD) VXggeVWed WhaW iQiWiaO iQWeUYeQWiRQ Rf T2DM VhRXOd VWaUW fURP OifeVW\Oe 

chaQgeV fRU SaWieQWV WhaW haYe PiQRU aQd acXWe DM. ThRVe ZiWh VeYeUe diabeWeV 

cRPSOicaWiRQV, dUXg WheUaS\ VhRXOd be adYiVed baVed RQ Whe VSecific UeTXiUePeQWV fRU 

each SaWieQW. FRU OifeVW\Oe chaQgeV, Sh\VicaO acWiYiW\ aQd dieW aUe Whe PRVW iPSRUWaQW 

deWeUPiQaQWV Rf eQeUg\ baOaQce iQ achieYiQg deViUed bORRd SUeVVXUe, bORRd gOXcRVe, OiSid, 

aQd bRd\ ZeighW. OYeUZeighW iQdiYidXaOV aUe PRVWO\ aVVRciaWed ZiWh iQVXOiQ UeViVWaQce aV 

caORUieV iQWaNe SeU da\ iV PRVW OiNeO\ YeU\ high, ZRUVeQiQg Whe cRQdiWiRQ fRU diabeWeV. B\ 

UedXciQg bRd\ ZeighW, iQVXOiQ VeQViWiYiW\ cRXOd OiNeO\ be iPSURYed. 

 

IQ WeUPV Rf ShaUPacRORgicaO WUeaWPeQWV, WheUe aUe VeYeUaO RUaO aQd iQMecWabOe 

h\SRgO\cePic dUXgV aYaiOabOe fRU Whe WUeaWPeQW Rf T2DM, bXW PeWfRUPiQ Rf bigXaQide 
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dUXg, aQ RUaO ageQW VWiOO acWV aV fiUVW-OiQe T2DM WUeaWPeQW. MeWfRUPiQ iV aSSURYed b\ Whe 

U.S. FRRd aQd DUXg AdPiQiVWUaWiRQ (FDA) iQ 1994 fRU T2DM WUeaWPeQW WhaW caQ UedXce 

faVWiQg bORRd gOXcRVe b\ 20%. IW caQ be WaNeQ WRgeWheU ZiWh gOiQideV, VXOfRQ\OXUeaV, aOSha 

gOXcRVidaVe iQhibiWRUV, aQd Whia]ROidiQediRQeV. MeWfRUPiQ haV Whe SRWeQWiaO WR iQdXce 

ZeighW ORVV aQd iV XQOiNeO\ WR caXVe h\SRgO\caePia. IW acWV WR iQhibiW gOXcRQeRgeQeViV b\ 

acWiYaWiQg AMP-acWiYaWed SURWeiQ-NiQaVe (AMPK), aQ eQ]\Pe WhaW heOSV WR PaiQWaiQ 

hRPeRVWaViV Rf ceOO eQeUg\ RU iQhibiWiQg gOXcagRQ-iQdXced cAMP SURdXcWiRQ b\ bORcNiQg 

adeQ\O\O c\cOaVe. HRZeYeU, PeWfRUPiQ Pa\ SURdXce Vide effecWV OiNe abdRPiQaO 

diVcRPfRUW, diaUUhea, aQd QaXVea iQ PiOd caVeV aQd OacWic acidRViV iQ VeYeUe caVeV. 

AOWhRXgh Whe caVeV Rf OacWic acidRViV UeVXOWiQg fURP PeWfRUPiQ Vide effecW aUe ORZ, iW 

deSicWV a high faWaOiW\ UaWe. OQ Whe RWheU haQd, gOiQideV OiNe UeSagOiQide, aQd QaWegOiQide, 

aQd VXOfRQ\OXUeaV VeUYe Whe VaPe fXQcWiRQ, Zhich iV WR VWiPXOaWe Whe beWa ceOOV fRU iQVXOiQ 

SURdXcWiRQ b\ UegXOaWiQg ATP-VeQViWiYe SRWaVViXP chaQQeOV iQ PePbUaQe Rf beWa ceOOV.  

 

AQRWheU RUaO WUeaWPeQW iV Whia]ROidiQediRQeV WhaW acW WR iQcUeaVe iQVXOiQ VeQViWiYiW\ b\ 

acWiQg RQ RUgaQV OiNe OiYeU, VNeOeWaO PXVcOe, aQd adiSRVe WiVVXe fRU high gOXcRVe XWiOiVaWiRQ 

aQd decUeaVed gOXcRVe SURdXcWiRQ. Thia]ROidiQediRQeV aUe ViPiOaU WR PeWfRUPiQ iQ WeUPV 

Rf efficac\ OeYeO aV PRQRWheUaS\, bXW PeWfRUPiQ iV PRUe SUefeUUed dXe WR ORZeU cRVW aQd 

PiQiPaO adYeUVe effecWV. DiSeSWid\O SeSWidaVe-4 iQhibiWRUV heOS WR iQcUeaVe iQcUeWiQ ageQWV 

(GLP1 aQd GIP) WhaW aUe VecUeWed b\ iQWeVWiQe ceOOV aV WR iQcUeaVe SURdXcWiRQ Rf iQVXOiQ 

aQd iQhibiW gOXcagRQ VecUeWiRQ. IW caQ be XVed aV PRQRWheUaS\ RU dXaO WheUaS\ ZiWh RWheU 

RUaO ageQWV OiNe PeWfRUPiQ, aQd Whia]ROidiQediRQeV.  

 

OQe Rf Whe aSSURYed iQMecWabOe ageQWV iV iQVXOiQ WhaW caQ be XVed WR WUeaW SaWieQWV ZiWh 

aOO W\SeV Rf diabeWeV. The iQVXOiQ iQdXced iQ T2DM SaWieQWV iV QRW aQ iPiWaWiRQ Rf 
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eQdRgeQRXV iQVXOiQ, bXW iW acWV OiNe aQ aQaORgXe VXch aV OiVSUR, deWePiU, gOaUgiQe, gOXOiViQe, 

aQd aVSaUW (MaUtQ-PexaOYeU HW aO., 2016).  

 

2.6 FaWigXe 

FaWigXe, Zhich iV a cRPPRQ V\PSWRP Rf Sh\ViRORgicaO aQd SV\chRORgicaO cRQdiWiRQ, 

RccXUV QRUPaOO\ afWeU a PeQWaO RU Sh\VicaO e[eUWiRQ WR a SRiQW WhaW iW haV bURXghW VWUeVV, 

e[haXVWiRQ, aQd WiUedQeVV WR Whe bRd\ (WaQg HW aO., 2021). FaWigXe iV geQeUaOO\ diYided 

iQWR WZR W\SeV, Zhich aUe acXWe aQd chURQic faWigXe, iQ Zhich Whe RccXUUeQce Rf acXWe 

faWigXe iV WePSRUaU\, aQd caQ be aOOeYiaWed bXW chURQic faWigXe iV QRUPaOO\ aVVRciaWed ZiWh 

SURORQged faWigXe eYeQ afWeU UeVW aQd WhiV RccXUV ZheQ Whe bRd\ iV iQ a diVeaVe VWaWe. IQ 

cRQMXQcWiRQ ZiWh Whe SURceVVeV aQd V\VWePV iQYROYed iQ faWigXe PechaQiVP, iW haV beeQ 

caWegRUiVed iQWR SeUiSheUaO aQd ceQWUaO faWigXe. PeUiSheUaO faWigXe iV aVVRciaWed ZiWh 

VNeOeWaO PXVcOe RU caUdiac PXVcOe, ZiWh Whe decUeaVe iQ PXVcOe WeQViRQ. ThiV UeVXOWV fURP 

Whe UedXcWiRQ iQ gO\cRgeQ VWRUe, aQd aOVR aOWeUaWiRQ iQ Whe PXVcOe fibeU fURP Sh\VicaO 

iQacWiYiW\ RU agiQg. OQ Whe RWheU haQd, ceQWUaO faWigXe haV beeQ aVVRciaWed ZiWh diVUXSWiRQ 

WR Whe QeUYRXV V\VWeP WhaW iV defiQed aV decUeaVed PRWiYaWiRQ WR caUU\ RXW WaVNV RU Sh\VicaO 

acWiYiW\. TheUefRUe, ceQWUaO faWigXe diffeUV fURP SeUiSheUaO faWigXe becaXVe PRWRU 

ZeaNQeVV PighW QRW be deWecWed cOiQicaOO\ aV iQ SeUiSheUaO faWigXe. IQ addiWiRQ, ceQWUaO 

faWigXe iV XVXaOO\ UeOaWed WR QeXURORgicaO diVRUdeUV OiNe PXOWiSOe VcOeURViV, bXW SeUiSheUaO 

faWigXe iV PRVWO\ aVVRciaWed ZiWh diabeWeV PeOOiWXV, WhaW haV beeQ deVcUibed aV SXUeO\ 

Sh\ViRORgicaO cRQdiWiRQ (FUiWVchi & QXiQQ, 2010).  
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2.7 Sea cXcXmber 

AV RQe Rf Whe QXWUieQW-Uich PaUiQe iQYeUWebUaWeV, Vea cXcXPbeUV haYe ORQg beeQ XVed 

aV WUadiWiRQaO PediciQe ZRUOdZide eVSeciaOO\ AViaQ cRXQWUieV OiNe JaSaQ, KRUea, MaOa\Via, 

IQdRQeVia, aQd ChiQa dXe WR WheiU bURad WheUaSeXWic YaOXeV. FXQcWiRQaO SXUSRVe Rf Vea 

cXcXPbeU RQ hXPaQ heaOWh haV beeQ UeVeaUched aQd YaOidaWed WhURXgh VcieQWific OiWeUaWXUe 

WhaW haV e[hibiWed SURSeUWieV Rf ZRXQd heaOiQg, aQWi-WhURPbRWic, aQWiR[idaQW, aQWi-

h\SeUgO\cePic, aQWi-PicURbiaO, aQd aQWi-cRagXOaQW. TheVe aUe dXe WR Whe SUeVeQce Rf 

biRacWiYe cRPSRXQdV e[WUacWed fURP Whe Vea cXcXPbeU iQcOXdiQg VaSRQiQV (WUiWeUSeQe 

gO\cRVideV), SheQROicV (fOaYRQRidV aQd SheQROic acidV), SRO\VacchaUideV, aQd SURWeiQV. 

ASaUW fURP WhaW, Vea cXcXPbeU aOVR SURYideV high QXWUiWiRQaO YaOXe becaXVe Rf ORZ OiSid 

aQd high SURWeiQ cRQWeQW VXch aV O\ViQe, aUgiQiQe, aQd WU\SWRShaQ. AddiWiRQaOO\, geOaWiQ 

e[WUacWed fURP Vea cXcXPbeU iV PXch PRUe YaOXabOe WhaQ RWheUV dXe WR Whe aPiQR acid 

cRPSRViWiRQ ZiWh eVVeQWiaO aPiQR acidV WhaW haYe e[ceOOeQW fXQcWiRQ iQ iPPXQe 

UegXOaWiRQ. HRZeYeU, diffeUeQW Vea cXcXPbeU VSecieV ZiOO ZiWhhROd diYeUgeQW 

QXWUaceXWicaO, PediciQaO, aQd ShaUPacRORgicaO acWiYiWieV dXe WR iWV diYeUViW\ (FagbRhXQ HW 

aO., 2023). 

 

IQ cRQWePSRUaU\ PaUNeW, WheUe aUe YaUiRXV Vea cXcXPbeU SURdXcWV RUigiQaWiQg fURP 

diffeUeQW bRd\ SaUWV OiNe OiTXid e[WUacW fURP ZhROe Vea cXcXPbeU, dU\ WabOeWV fURP Whe 

bRd\ ZaOO, aQd e[WUacW fURP Whe VNiQ Rf Vea cXcXPbeU bXW aPRQg WheVe, bRd\ ZaOO Rf Whe 

Vea cXcXPbeU caQ be cRQVideUed aV Whe PRVW PaUNeWabOe SURdXcW. TheUefRUe, WhRVe QRQ-

PaUNeWabOe bRd\ SaUWV OiNe gRQadV, iQWeVWiQe, aQd UeVSiUaWRU\ WUacW ZiOO be diVcaUded aV 

ZaVWe (HRVVaiQ HW aO., 2022). 
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SWLFKRSXV KRUUHQV RU UefeUUed WR dXUiaQ Vea cXcXPbeU iV a YaUiabOe ZhiWiVh WR gUe\ 

PaUiQe iQYeUWebUaWe ZiWh bURZQ iUUegXOaU dRWV cRYeUiQg Whe bRd\ ZaOO VXUface WhaW beORQgV 

WR cOaVV HRORWhXURidea. IW iV chaUacWeUiVed b\ OaUge aQd iUUegXOaU SaSiOOae, VPRRWh 

iQWegXPeQW, aQd big WXbeUcOeV, giYiQg aQ e[WeUQaO aSSeaUaQce Rf iUUegXOaU aQd VRfW 

iQYeUWebUaWe, UeVePbOiQg Whe VNiQ Rf dXUiaQ fUXiW. FXUWheUPRUe, WhiV Vea cXcXPbeU VSecieV 

UeacheV iWV Ve[XaO PaWXUiW\ aW abRXW 16 WR 18 cP ORQg, aQd iW XQdeUgReV aVe[XaO 

UeSURdXcWiRQ b\ biQaU\ fiVViRQ. IQ MaOa\Via, WhiV VSecieV iV ZeOO NQRZQ fRU iWV bRd\ fOXid 

bacN WheQ aV a heaOWh WRQic, Zhich iV beOieYed WR haYe heaOiQg effecWV (TaQ, 2008). The 

iOOXVWUaWiRQ Rf SWLFKRSXV KRUUHQV iV VhRZQ iQ FigXUe 2.2. 

 

FigXUe 2.2: SWLFKRSXV KRUUHQV 

SRXUce: TaQ (2018) 

 

2.7.1 Saponin 

CRQVWiWXWiQg VecRQdaU\ PeWabROiWeV Rf Vea cXcXPbeUV, VaSRQiQV acW aV a baViV Rf 

chePicaO defeQVe, iQ Zhich iW iV NQRZQ WR eOXcidaWe YaUiRXV biRORgicaO SURSeUWieV OiNe aQWi- 

RbeViW\, aQWi-bacWeUiaO, aQWi-fXQgaO, aQWi-WXPRU, aQd iPPXQe PRdXOaWRU\ acWiYiWieV. IQ 

WeUPV Rf chePicaO VWUXcWXUe, VaSRQiQV aUe cRPSRVed Rf a SROaU OiQeaU RU bUaQched 

VacchaUide chaiQ WhaW iV aWWached WR a QRQ-SROaU agO\cRQe b\ gO\cRVidic bRQd. The 

diYeUViW\ iQ caUbRQ VNeOeWRQ Rf agO\cRQe UegiRQV haV diYided VaSRQiQ iQWR VWeURidaO 

gO\cRVideV aQd WUiWeUSeQRidaO gO\cRVideV (FagbRhXQ HW aO., 2023). HRZeYeU, WUiWeUSeQe 

gO\cRVideV aUe dRPiQaQWO\ ideQWified iQ Vea cXcXPbeUV OiNe S. KRUUHQV. SiQce VaSRQiQ 
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