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Research progress on prevention and treatment of diabetic cardiovascular
complications by traditional Chinese medicine monomer
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Abstract: Traditional Chinese medicine (TCM) plays a positive role in the prevention and treatment of cardiovascular complications
of diabetes. Monomeric compounds extracted from TCM often exhibit good hypoglycemic and cardiovascular protection effects. In
this paper, the literatures at home and abroad about TCM monomers on prevention and treatment of diabetic cardiovascular
complications in recent 5 years were retrieved. The commonly used active compounds from TCM were sorted out and their structures
were classified, such as flavonoids, iridoids, triterpenoid saponins and alkaloids. Furthermore, their pharmacological activities and
basic mechanism of action were also reviewed, in order to provide effective reference for prevention and treatment and drug discovery
of diabetic cardiovascular complications.
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B, AT PR PR UL R 22 O JUUREBE R BE T IR
AR, AH 2 ORI R B 7, o [EDRE BRI
WEPERI 7T 28 0 PROPS SE O L7 IS 14 AT 30
2 BUWE PR SRAY B He B 9T SR AT A5 B8 PRI 1 BR
#T (veterans affairs diabetes trial, VADT) %5,
FERE PRI HH i 39 7 A 428 i) TR I A BEAT Rk b ifi
B I RCRE I AR N e 8100 U ARORS . — o I B AR
FH B 2 5 2504 1 0 F< 3 oo XL A8 5 R E e M A SIZ IR
(1), ImpPR EaE V)5 EERA RO IV SR A5 1) [ 1 0%
2.

THXUMGZETEYT T2DM R 29, BA s
MRS R3O U R E R . R =
SR P e TR T DA DS R ) AR, A AP
i1 P SN R &= =0T A N7 )i €7 7 2
1, BIiG O MU FERRE, H H ™ B A R SON 4 i
BPE. O MEA R F RBoE IR T 12K 2410
M. ek, g Bl T B RO MK 6
(1) Bee IR 247, e8] 26 B 3 [F) % 12 25 1 (sodium-
glucose cotransporter 2, SGLT2) il 5| §& A R FFAK
PR AL, 0] ey R G W2V #1997 3L
(XS BE SR 5 R I 7 O s O UREAE, AR s g 2
AN R ML S A (R U IRAFEAT G U314, S B i
WA AR ERARGD), 551U R R GGl
fifE 2 FERR-1 (glucagon-like peptide-1, GLP-1)
AR TAN RS R O U8 I RAE IR E 2 H
SEI, BEA RGO MAEA R S4BT, JFHER
Im PR A U8, —JRkIERKES-4 (dipeptidyl peptidase-4,
DPP-IV) il 7 FFEAN 2 I = b R s o I 19201,
HA—@RIBiia R, 3X JLRLP7E R RO 1
EIFRIERBTIR AR T EERER, EREERE R
BRI, CAREAR M 2 EE TR K,
it A HAT O MU DR3P R B8 IR 245 7 1) 75 SR A
g

H 24 53 7 e R0 PR IR YT = 15 E 1
H 6B PRI 0 ML ACRE I BT ie HARRARAE R,
2 SR RSO3 2 H R AR IR RE PR O L3S I F R I
BWYPEEAL, AR RARGE RIS . TR
R RAE W) B AR B PR O I I RE A
Bria E 22, R, 2 Bk s i G A
O I ERAE FH R BB AL S 2 B L. A
FEARTR 7 5 FE AN A2 AR RS BT VA BB IR R
0O MU AT 7E SR, BR 1T 7 R AE D 1a R IR
I o LA I ACRE B 2 38R AP E A BILA], - DU B

PRI O ML FF RORE 25D I R SR A S N 2%
1 =RXLED

IR Az TR 2 D BRI E R T
Hh e 3 e i R TELEE 5 T I — R A S5 R 25 e AL
G, VAR, BA 2 HAEER .
1.1 EEE

AR (D MEEE (2) 2WEEIA I
B3 R BRI O IS I ACRE MR R 5 B0 B0 ik
SFEREAC B B BT AR . ARAMSREG R, 1R
253 A EE T BB S R N B i ik P Bz 4 B %
R EARPIEH, TR ZEDEMES (reactive
oxygen species, ROS) M, 6| #% K+ -«B
(nuclear factor-kappa B, NF-«kB) FJE A4 it 25 B
7 HRIE, BA RS MLE N R DIRERY; SAa0
TR A EE XS F A 46| ROS Ml & 774, Lk kER &
PES- T RGO ME ST, P RCONIR YT SR gR RS IR
s (P b A 2T A4 P S B t 9 A LB 55 e
Bon Keapl/#Z KA1 2 MK 2 (nuclear factor
erythroid-2-related factor 2, Nrf2) /AMP & 13§
( AMP-activated protein kinase, AMPK) J#, ¥
ML RAAEE-1 (heme oxygenase-1, HO-1). %
1EEALEE (superoxide dismutase, SOD) FIfREALIL
J5l-1 [NAD(P)H quinone dehydrogenase-1, NQO-1 ]
FPUEMLEAMRIE, A RN 6] B IR =
(streptozotocin, STZ) A iRy AR T 1/ BUE
JRI-OHF (diabetic cardiomyopathy, DCM) Uil
B i) Jog £ 44200,
1.2 EfEEE

W Rz 2R (3) N HA 2 Pl AR 1 ) 5 B 2 A
Y, WA =t K& Wk, Wil W
TSR 2GRS T oy o R R AR S B IS
2RI FAK STZ 53 B PRI K B IMLBE K, 1
WA, HEgA s miES L (glutathione,
GSH). SOD. % L& (catalase, CAT) 4/
HIKILE Y (glutathione peroxidase, GSH-Px)
K, BRARR o A K270 B 7 R IR R 2
AR mE LA Z Nef2 K, 30 R A A R 1
HO-1. SOD. GSH /K~F, M DCM 512 f-L
130, % DCM KR PO D RefEag2s2l, 25
ESFBOVR AR R 2 A 2 A DCM K BR AR SE /M A
IS, IR OAR IR & &, BFRE
Mi/~Z Cinterleukin, IL) -1p Al IL-18 & HFKIEK
PO IIE TS, SO TIRE .
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FT () NWERE, RPAEEFNFER
PERGS; o T T DL 3 PRI DY 4R g 175 3 R W PR
R RK B MU /KT, BB 27T GSH-Px Al SOD /K
-, B RRRUE A, RRE PR O U IR B
— € HIBIEAF B, Ganesan SFB2A I T AE
W AR R FHCERKBIEERA 2
(aquaporin 2, AQP2). AQP3 FMEMEZR 2 524k
Mk, o A AR FNAC U R v B3R T B R i
s AL JULS 1R 32 i o
1.3 SR

R (5) e ZE BRIV ARG,
SR B 1) B UK o W TR IR B R T B
FAI% STZ 53 HHE PR R BRILBE /K-, A 2507 1L
Jg s RS e e A A B AN P A B P, IR
S B R T B B P A P g T 2 iR S 56 K
PTG RE /0, AT R v IR R I T S 1330,
Yin SECPAR A B 25 0] 25 PR STZ 75 50 R K B
ISR PRI F--00 (tumor necrosis factor-a, TNF-a)+
IL-1B+ 4HAfAF5 B 4> F-1 Cintercellular cell adhesion
molecule-1, ICAM-1) . I % 40 &5 Bt 4> + -1
(vascular cell adhesion molecule-1, VCAM-1). I 7
Jeg JRAT T 2R iR (PRI KT FRAECHE PRI Co UL
JRJFITRRAKT: - A0 PR o UL FH o LT 4 AL
A PR K RO ARSI R, L) S RE
W7 NF-xB {5 5@ A K

HEZR (6) MHEE (1) BT &Kt
G, RHERASOEMERRS . BEAUR B R &
HA o H R R A B RN S /N BRUIR
AR SRR Ry AT, PR T B . 10 YRS AN
a-FH VLB E A (o-smooth muscle actin, o-SMA )
PIZIE, /N ROV AR, HALH] 5 H 5
HAH BRSO 4EL NF-«B AR FEEAL
H¥# (mitogen activated protein kinase, MAPK)
{5 ‘T 1 A K 35-361,

14 FEHSE

HIRE (8) /& C-7 A a2 b U e S 2
WEY), R TEEIETERSY, R AL I
B EA RIFRIBTaIEN . AR ERE T
PRI R R B IE IR . i yE AUER TG . Iy AL
PR IR I [ T 7K P A Co ILZH 20 S8 A g A S5 B )
WOWE 52 K y  ( peroxisome proliferators-activated
receptory, PPARy) HEHIAHX AR, MIMKELE
R STRE P9 R B IR KT, A 280 o LA A3 71

Tan ZFBSYCH B R =@ 0] NF-xB/C-Jun Z R
Ui B (C-Jun N-terminal kinase, JNK) F14H il /M5
SUTTEEE 1/2 (extracellular signal regulated kinase
1/2, ERK1/2) 3, 3 i oo S AU ey i A A K
BRI S R, AL AE SRS ER . A
FRIMERZ X T2DM KR ESKARTER, H
MU 55 NF-xB /KFRIH] NADPH 440§ 2
(NADPH oxidase 2, NOX2). NADPH % {LEf 4
(NADPH oxidase 4, NOX4) 401l 41 ffa 55 Fft 511 114
FIEA KB,

SEFHEER (BT REEEIEY, VM.
I GRS R 2 RS . &2 0 R 1] B FRIC
KEHE. S AE[E R (total cholesterol, TC). =ik
Hil (triglyceride, TG)~ K% FE NG5 H (low density
lipoprotein, LDL) FIRARE ENEE A (very low
density lipoprotein, VLDL) 7K~¥, XF¥# R M Hol
M5 ACRE B A AR 1 1 IO 7428 e B0t
1 BUBE R K B O WLAF A IR sz S AL 1t 5
H, ORI SRR AR 1 BURE R K B LA
etk FHALHI ] R 950D M7 VLR T[] T A 7L
TR EBSIR . 0 JORE RS F0H A A AR K R 7
B1 (transforming growth factor-p1, TGF-B1) /Smad3
G5, PRI R R H RIS RE,
1.5 EFEE3E

FHER (10) MRS HEEE R RS
v, RHEREESS . BRI R
O bE A B E R LR O R B 2
(threonine kinase 2, AKT2) mRNA. Jifi& & 2K
¥)-2 (insulin receptor substrate-2, IRS-2) FKiAFI %
SEAEIR 1K, BeER SR, Jhfa R H
R A ZZELR AL . R B ZARPUR SE
) —Fh R AR 25 4142), Sharifa 25V LR HE &
AE Y Nrf-2/Keap-1/HO-1 5 5@ H, K 2 kA
fepta e SRR RIRATRE F3KA IL-10 7K
P, HEIFE KA IL-6 Al TNF-o ZK°F, #0833 ik
W %-1 (endothelin, ET-1) [k, HEmmps kb
PRI T B0 ML 4534

A B PRI O IUE FERORE R 2R A5 )
I g i WL 1, PR ML LR 1.
2 INGBATERE R H A5
2.1 INHBRTESE

NI ki Ak S 1) 2 R R 4a AT A
RTEYE A KRR B, 2 S8R b
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Fig.1 Chemical structures of flavonoids
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Table 1 Mechanism of flavonoids on prevention and treatment of cardiovascular complications in diabetes mellitus

1242k AR E F ML SRR
FE EER 0| NF-«B FI80E . M2 ROS AL CAMs FiE 24
A 0 NF-xB [RBGE . 0t & ROS; 0% Keapl/Nrf2/AMPK i % 25-26

WEARE MR . BACIE BT A 3R Nef2 ZKF, 8900 HO-1; 301 408 IMA RIS, % 27-30
fi& IL-1B A0 IL-18 AKF, g/ Lo LR T

T $#£F+ GSH-Px 1 SOD 7K, Byibfgpuid &4k 75 AQP2. AQP3 Fll V2R fKik 31-32
ZEE B PrEAL. Brd, FHWT NF-«xB {5582 33-34
B B IHLO VLT 4E{k NF-xB 1 MAPKSs 15 5@ 1% 35-36
HE
R EARER T4 PPARy 5 FAE3A; ] NF-«B/INK A1 ERK1/2 ##; 87 NF-xB F0#] NOX2. 37-39
NOX4
SEREE HMAR; %] TGF-p1/Smad3 15 5 i8R 40-41
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HARXMEMTEEARTH. e FE. 5jet.
FERESE, XS PRI AL U I SORE HAA RIFIIBTIG
TEH .
2.1.1  BORINEEERESE METH (D) 2R THE
BUEPERY o [ SR B SR IIAG 11 A 2 2 PRI
B S o 2 b NADPH [ 9 M KA 8
(malondialdehyde, MDA) [ & &, 345 SOD 5 ;
Western blotting 25 5 7R, Ha 1 B2 2 i) =i i
SF TGF-B+ Ac-Smad3 & a-SMA [T+, [l B
W E RGBT R F 1 Csilent information
regulator 1, SIRT1) B, FaHAE+H 7] RedS
SIRT1 /5 TGF-p/Ac-Smad3 15 i@ K i E AL
LB, U] O I ol £ 24 240 P P 2 2R e A R I i
G e KRR AEIESIBIE 50 A G -5 7 38 1 400 ]
Bt AR 1 (vascular peroxidase 1, VPO1) /
ERK 1/2 {5 5 i B , a3 1M 7 A 508 Co U LR B O T 0o UL
473 I B

HIEFH A2 EE TR EZE S, e
Gy KRR ERETE O JE o W FC R I JE 1 ml i
2 DR RO K SR 4 B R GU ARG Jin oK B A4 o7
PEARILAE . MDA 1 ROS /K°F, 5% SOD. CAT.
GSH-Px &% B8 RO IhRE, FEALCIIBESERE
AR, JF B Nef-2 FHO-1 [RiL, KRBT
AT @ B0E NrF-2/Keap-1 15 5@ 5 01 5E 40N
B, TS W R 8 A B Co FTL A I P v 1 = A AR
4R e,
212 4-EWIGREBSR FERE (13D SEIMREERS
HREY), AR FEIEERS, . HE TR
i P A 235 B AR P K B ) I AR /K- TC A TG,
Tt v v % BEJE B B IR BE - Chigh-density lipoprotein
cholesterol, HDL-C), #45% SOD. CAT B, B
ik MDA, k& EALBEFIPTE ARG < (R ~F- 1, AT
X8 R PR3 KBS O ML I AORE P AR OR AP FH 7). Liu
SR USVAG T A T W] 2 39 i DG S g 45 3 1) PR
TS PTEMAER], A RO/ e I L 24
AR (advanced glycation end products, AGEs),
P ST SN, gk 40 B A/ o 7 LA R P SRR
Xof W R 95 - B Bl ik s e B AL A T AE I BT IR 1E
Mo Zou Z5UOMR M e s w3l i M & AR e Ak 1
(nuclear enriched abundant transcript 1, Neatl) /miR-
140-5p/4H & F It AL HE R 4 Chistone deacetylase 4,
HDAC4) 843 KA XTHE PRI /I B CoE ORI 1
SR 3 A AT FU AR WA I P OE I A TGE-B1 HIZRIA,

A RUEGE bl = IR B STZ 7 3 H) DCM K B
O LA ARG R R B0,

e IMEIE (14> kA, ZERTHL, HUEEER)
FEOHMERr . BRI B PR MR
Bef LB AR 56 24 PRGE VR, AE AR AN F 3k 24
TREMEMEY AGEs IR R TEREIRIG K B4R Y RE
] AGEs 7ECoJIE ML B IEATRL I &R,
IR 1R BRI o ML TR AR F 2

H4h, HA RS S A B R,
WA P A (15) 193, Ty (16) 154,
SRR EEFE (17) B9), g SE ep o A SR
(18) OIEE, (EL P s 51 A F) - LA 53 4 PR3
YE RGBT D
2.2 HhfgA

ATEH (19) RIRT AT RHEYIATAMR . 4t
FHR SR BRI Hpi SR A . AT 25 7] 13
OWHZH B k40 -2 (B-cell lymphoma-2,
Bel-2) HARIL, FNIROIHLAH Bel-2 MK X &
1 (Bcl-2 associated X protein, Bax). W& ER K4
ZIRE -3 (cystein-asparate protease-3, Caspase-
3) EE R, TR TS PR SR S IR AR
[ B2 =R /O (111 2 2 O
F LR AET,

ZFOENRE (200 J2 2803 1A il 2875k
FAAA . BIF TR E T P TE RE 1G TR PR K B
Nrf2 %R R, 8900 HO-1 MR ARIE, M s
OLTERE ), R FRIC NF-«B 2 HBER LK
F, 98/ TNF-a. IL-1B+ TL-6 548 fEK 7 ) mRNA
ik, WASOURRIET:, B3% DCM KRG ILLF
YA ML B8,

HAT B3 V6 B8 PRI 0 10587 I RE IR A A Tl 288 %
HA AL S VIR Ak WL 2, A IR R 2.
3 =HEEH

=R EE AT SR TORL FEEERL
BRBEE PR, BAZ YIS, ek,
UMR . BEILRE. RIS B7i6-Co i i 5 A &
GBI
3.1 ASEH

ANZBHRF 2 NS Penax ginseng C. A. Mey.
HITFHBRR SRR — Y B, B T =i, A
A % HADEE

ANZRA Rby (21) 7] DL & X0 bl = IR R
Bt STZ 557 2E 1 T2DM KRS ke, B
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Fig.2 Chemical structures of iridoids and other terpenoids

R 2 IGBETES R E AR ARG A HE R R O M E FH & ERIAE AL

Table2 Mechanism of iridoids and other terpenoids on prevention and treatment of cardiovascular complications in diabetes mellitus

R ES Hifk YERIBLHI SCHR
i BiEEZN S T e 0 TGF-p/Ac-Smad3 15 518 KPR # VPOL/ERK1/2 {5 51l 44-45
BT/ 0% NRF2/HO-1 5 Sl M. 0] E AL % 46
Jer
4L PR WILAE, RS SN EE AR 2 (B (4 PR AR FUFREE AN AGEs K1 il 47-50
T s Neat1/miR-140-5p/HDAC4 {5 5@ ; F&fiK TGF-B1
PRI #0H] AGEs 52
PUEZNEEN AJET i Bel-2 8 [, T Bax. Caspase-3 &2, &b, HF1: 57
by EZ N FOLMENTE  WOE Nef2/HO-1 {5 Sl #%) NF-«B, kb RAER T 58

fIf3% TC. TG+ LDL-C /K°F, Ftim HDL-C 7KF:
R 3k TNF-o0 F1IL-6 7K, DSGE  B Z K0,
WFARKHANSEH Ry o] LS S ALY A4 56
WG S2 AR y FOE R - 1a(peroxisome proliferators-
activated receptor y coactivator-la, PGC-la) £EHE
JRIFG/NDINRE, 22 DCM FICESR AT, FEALH
H5ANZ B Rb AR OIERAR ROS P24 FH5D
o JULZH B I T A7 K60,

ARRIMANS B Rhy (22) A7 NsEAE RS LML
LFAELL KB AN PPAR [TEYE, 0G5 2%
K WS ¥ 3 (signal transducer and activator of
transctiption 3, STAT3) FIiEAL, M REAERE R AL
YA LA H LK AR A RERIE, ek
S A v LA 5 RS PR oM D R A AL I £ T 41 01

ANZREH Rgy (23) LUl PPAR AR
WL et BRI e M2 AL, R B kA i
BRI ST SN, AT 4% FLAE 7 16 8 PR 3 bk

SRR REAY T R LE A 02,
32 HEEH

W HE (24) £ U RMEYIS T Astragalus
membranaceus (Fisch.) Bge. var. mongholicus (Bge.)
Hisao BYIR KT A. membranaceus (Fisch.) Bge. T
PEAR P I =i SRR A . ZERK 0T SE ST 1 24 )b
Mfzyxs STZ k& bl 8 i RHE S 1) T2DM KR
IR BT IR R, 1456 W28 25 28 2= P
AR RS, JONIATREIELL NOD FEZ R Kk &
FH 3 (NOD-like receptor protein 3, NLRP3) /i T-#H
xR BE &P HE A (apoptosis-associated  speck-like
protein, ASC) /Caspase-1 %15 = il B 2435 K B pE
PRIRAES KA, FF O IR EERR . PR
AT RE A RIEME G E 2o RNt Feist— 2
R, TR HUE O PR S Bk R R A 7 8 1 FH
P15 8 NLRP3. ASC. Caspase-1 & HJRIEH
K64, B 7T RIS W H 5 1 T2DM KRR G
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FEFETIRThAe, o 7O H SR B OR, il
FE TC. TG. HDL /KFHULAE AR R, R
AR ] T2DM KRR TNF-o. IL-6. IL-1B FIRIA
SO WAL, % T2DM KRR 1 7= A LG
FHS), Zhang S566V& 3 2 B HI AT I8 I 175 PGC-1.
Nrfl fIERIL, &% DCM 5] 2 O L Rk Re 2 AR
W, FH R T AL UUIRE, 9> DCM 5]
B O . Nie SFOTHA N T RS I 9D 21
N FEAN RS E FA-1 (calpain-1), EHITHE R 99 K
M 33 ik NO B AR N K — E AL R A B
(endothelial nitric oxide synthase, eNOS) [J3&iA,
F#4% ROS /KF, #27F SOD A1 GSH-px 351, i
BB PR K SR E Sk N S D RERRRG . BRR S5 08K
I B R AT 7 A S At A 2L R ot =l v
M, BN p-AMPK/AMPK, W 2 PRI AR (LI
A 2 W) T A 2 & ¥ 2K 1 (p-mammalian target of
rapamyein, p-mTOR)/mTOR, H B K55 8 R
Bk Catrialnatriureticpeptide, ANP) KJi%hfik (brain-
type Natriuretic Peptide, BNP) [fJ55 [A3RiL, #iek
W PRI K BRI U JEE

33 =tBH

=R B AR FEIK T2DM KRR,
3 R AIK CD34 i A /K 1 0k s ot JUL B -3- 35 g
(phosphatidylinositol-3-kinase, PI3K). R4 E H
4 B (phosphorylated protein kinase B, p-Akt) &
HERIE, k=8 2 nlsed s N i PI3K/Akt

5 B B A R K UL AR )

—-BEH R (25) &=t Panax notoginseng
(Burk.) F. H. Chen [ 1§4R S AR 25 1) = Z0E T ALY -
Zhang 25T T =LA Ry XTHE IR db/db /MR
1 AGEs AbHE A0 UL HOc2 4H 0o T T 56 ) 5
YA LI R I =B Ry @R MERER 2R o
(estrogen receptor o, ERa) [RIAKIHER ROS, it
s Akt A Nref2 S-S PTE AR AL, AR T 7e
UESE [ 3K — B, 32 7 a4 ) 8 R ORI 4 i 37
T-Pjii DCM O LA4EAL AL LR E .

34 Hft

HHEREE (260 2 HEWN=m2REERsr. |
AR IRE OIS B AR R, TRl
U A LIRS SR TR o 42475, FEATL AT
5@ s Nef2 . fifiE AT (C-X-C £Fp) 324k
4 [ chemokine (C-X-C motif) receptor 4, CXCR4] /%t
JRAAATA A 1 (stromal cell-derived factor 1, SDF1)

PLK TGF-B/p38 MAPK 15 i@/ F45 5:071,

KERH Ay (27) 2T RHEY K G S H A5
AP —Fh =i E A Y. KEEH AL Ay
AT BEFFACMLIE . SRR EIRE . =B, Hpok
TR Ay REFRR NG R, S5 IR R R, XT
B PRI Co I3 I ACRE PT REAT AR ARAE FHU2

MEEL (28) ZHAHMEMT E Centella
asiatica (L.) Urban. [ 4 5 o K BAAR R 7Y BIFFER
BN BT o LB STZ B A = SR DCM K
UL ZRF N2 1) mRNA SR kI, #hm b
W SOD &1, Tl MDA [ (3RIE, st
AP GE DCM, Biia O LAF4EML . 185200l 5
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21 R, = Gle(2— 1)Gle, R, =Gle(6— 1)Gle
22R,=Glc,R,=H

LR, =Gle@=1Gle, Ro=H

R,0
OH

OR
25R=Gle@—~1)Ara =

27 R, = GleAQ2— 1)Gle(2— 1)Gle(2—1),

26 R = GIcA(2—1)GIcA

R,= GlcA(3—2)tetra-Ac-Glc

28 R = Gle(6— 1)Gle(4— 1)Rha

B3 ZiEEHERUAMNLFEN

Fig. 3 Chemical structures of triterpenoid saponins
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Table 3 Mechanism of triterpenoid saponins on prevention and treatment of cardiovascular complications in diabetes mellitus
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Fig. 4 Chemical structures of alkaloids
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Table 4 Mechanism of alkaloids on prevention and treatment of cardiovascular complications in diabetes mellitus
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Fig. 5 Mechanism of TCM compounds on prevention and treatment of cardiovascular complications in diabetes mellitus
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