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[E=]5-2EZHAR (5-ALA) BE—MRAGFENRER, I 2ZEETEDNSYR. B
AR AL, 5-ALA R ER R B RBRMEM ERETEXKTHIER, MEESEESHNN
RRAARS A PRI E R R EAN S H B

[ EEY ] 899 s-ALA TR M S AR R A BT ARk R 48R (HUVECS) | LR REER.

[ 755 IKEFBMSTERA. M S, 5-ALA TFI4E (1.0 10.0. 50.0. 100.0. 200.0mmol-L?) o
F 5-ALA T IR HUVECS 24 h, MEEAIEFRPIMNEEREELREN 30 mmol-L?, 4L
MEEAARES 30mmol L EENIEAEPIEF, BN RAMBEIESIZFEPE
75, ZIEFF48h, IBLRG, A cok-8 1MAMEY, AERIEFISRNEES (ROS) KT
matis [RBEAYEEs (Tsop) . dEtEEs (caT) MR HEIE S8 (GSH-Px) ]
JEMFAATE (MDA) B £,

[4553R] SR IRAMLL, FEIESEAHUVECS EMERAE (t=6.620, P<0.01) , HUVECs A
ROS BY7K 1210 (t=-10.671, P<0.01) , HUVECs NI 1L EE T-SOD. CATF1 GSH-Px BYSE PR,
MDA FYE 21810 (¢=11.348. 14.302. 14.951. -12.562, ¥JP<0.01), Z5-ALATIRNIE/S, 53F
SIS EAMLL, TIAEHUVECS EEERERZE g0, E A 50.0mmol-L™ 5-ALA £B3E A0
=BAE (t=-5.032, P<0.01) ; HUVECs ] ROS BI7K B, E A 200 mmol-L™" 5-ALA AR R &
BHE (£=11.232, P<0.01), 5-ALA EIE NI EA W EGRVEME, HFEE MDA E E, XIF T-SOD.
GSH-Px I MDA T &, 50.0 mmol-L™" 5-ALA F i 34 SR &% £ (t=-8.562. -14.273. 12.526, ¥JP<
0.01) ; S F CATITIS, 100.0mmol-L* 5-ALA FFEFAERIAE (t=-21.467, P<0.01),

(4518 | $FEE S RE T 1L NP RZ 4HAE A ROS BY7K T, BE{EE T-SOD. CAT F GSH-Px BYEEFIE 0
MDAMIEE, M 5-ALA (T —EI2E LR FHE M =8 R aviHit.
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Intervention of 5-aminolevulinic acid on oxidative damage of endothelial cells induced by
persistent hyperglycemia YANG Zheng-li?, TAO Gong-hua?, XIAO Ping®, HONG Xin-yu® (a.Institute
of Chemical Toxicity Testing b.Department of Research Management, Shanghai Municipal Center
for Disease Control and Prevention, Shanghai 200336, China)

Abstract:

[Background] 5-aminolevulinic acid (5-ALA) is a naturally occurring amino acid found in plants
and animals. Current studies have found that 5-ALA can enhance insulin sensitivity and improve
glucose tolerance, but its role and mechanism in hyperglycemia-induced endothelial cell injury
are still unclear.

[Objective] This experiment investigates the role of 5-ALA in the oxidative injury of human
umbilical vein endothelial cells (HUVECs) induced by persistent hyperglycemia.

[Methods] The experiment was designed to include a negative control group, a persistent
hyperglycemia group, and 1.0, 10.0, 50.0, 100.0, and 200.0 mmol-L™ 5-ALA intervention groups.
The treatment protocol was that the cells in the 5-ALA intervention groups were pretreated with
5-ALA for 24 h, and then glucose was added to the cell culture solution to a final concentration of
30 mmol-L™ for 48 h; the cells in the persistent hyperglycemia group were cultured in a medium
with a glucose concentration of 30 mmol-L™ for 48 h; the cells in the negative control group were
cultured in regular medium for 48 h. After the treatment, the cell viability was detected by CCK-8, and
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the reactive oxygen species (ROS) level, the activities of intracellular antioxidant enzymes [total superoxide dismutase (T-SOD), catalase
(CAT), and glutathione peroxidase (GSH-Px)], and malondialdehyde (MDA) content were detected with corresponding kits.

[Results] Compared with the negative control group, the persistent hyperglycemia group showed decreased HUVECs viability (t=6.620,
P<0.01), increased ROS level (t=-10.671, P<0.01), decreased activities of antioxidant enzymes T-SOD, CAT, and GSH-Px, and increased
content of MDA (t=11.348, 14.302, 14.951, and -12.562, respectively, P<0.01). After the designed 5-ALA intervention, compared with the
persistent hyperglycemia group, the intervention groups showed increased HUVECs viability to varying degrees, of which the 50.0 mmol-L*
5-ALA intervention group was the most obvious (t=-5.032, P<0.01); the intervention groups showed reduced ROS levels in HUVECs to
different degrees, of which the 200 mmol-L™* 5-ALA group had the sharpest reduction (t=11.232, P<0.01). The 5-ALA intervention also
increased the antioxidant enzyme activities and reduced the MDA content. For T-SOD, GSH-Px, and MDA, the effect in the 50.0 mmol-L*
5-ALA intervention was the best (t=-8.562, -14.273, and 12.526, respectively, P<0.01); for CAT, the 100.0 mmol-L" 5-ALA intervention had
the best effect (t=-21.467, P<0.01).

[Conclusion] Persistent hyperglycemia can increase the level of ROS in endothelial cells, reduce the activities of T-SOD, CAT and GSH-Px,

and increase the content of MDA; 5-ALA can extenuate the oxidative injury induced by persistent hyperglycemia to a certain extent.

Keywords: diabetes mellitus; persistent hyperglycemia; endothelial cells; 5-aminolevulinic acid; oxidative stress
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m, EXERHTRE RS BAEHENAENZERN
fRRRLEEWIML (BNEE SRR Yo IREFRE
R 9% BX & = (International Diabetes Federation, IDF)
fhit, 2007 ELKEB 451 1ZHEABEHERRK, 5
2045 FIIGEINE 6.9312 %, HAP, FEMERBEEL
2T 2017 FEHE 121127, BRBIINEOME.
BREE. SRMMERS, HIG N2 OMEREAP XX
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IEMEMERERREERERMENFHMDE
HEENETERR", BEEMEREREIRE,
mRBERKES T EBEMREAERKEN—FK
HIMAR BT, B8 MFE S MBI R o
Mg, AL, BERFEM S MERIE M
MRE AR RARNRYE MR (reactive oxygen species,
ROS) HiEIF AR Y, HESMEESHEZ A
f = E NN BHRIA N B 5 B RRF RIEN T2
FERZ—" QuanE BRI AI, SETES
WA= E | A, RHIMEHRERNRE,

5- R & Z B A BR (5-aminolevulinic acid, 5-ALA)
EEMENERRNN—HRANSER, BMAE
B R EFIR. RIRMYE S-ALA TELRRLR R R IEIS
ErEs AN HEER SR, SNRM 5-ALA R RRE 5-ALA
EEHEEHNAREER Y™, AREWM, S-ALARZSH
hEENREERMNEKTEH~ERDRITT, mab
FEINEME 5-ALA R T EX B8 F o] eR & HE T @ oK 29,
ZIERE WIRE S-ALA TIET IR S IR B R SR, 18
58— FR X ANPE A% 5 cUE VT 2R R,

AT, 5-ALATE S4B 1% SRV A R AR (5 R RV

1

BRENGIERER. Btt, 2057 UABTERBKAE
ZARE (human umbilical vein endothelial cells, HUVECs)
HARITR, HIT5-ALATEFRFE M SR HUVECs S LR
EHIIER, RRA S-ALTERRFAT PIVEBTERE,

1 M5 R=E
1.1 SCEG4AAR

HUVECs Il F AR ERI F 4R8P,
1.2 FEAFISNES

FERF s-[ECHMRBRBERE GMNER
EYREBRATMEX), BBFME. DMEM FFHFE
(GIBCOAT], E£H), CCk-8RFIE. MIBRAER. — K
“ERMNER - OB 2 BB (dichlorodihydrofluorescein-
acetoacetate, DCFH-DA) ;&M &R MIAF & (L/BE
ZREMBEERAT, vEH), fBELYEL
B (total superoxide dismutase, T-SOD) IR FI&. L&
1t S B8 (catalase, CAT) I FIE. St HHKIF LY
f§ (glutathione peroxidase, GSH-Px) 17 &F1 R — &
(malondialdehyde, MDA) A& (MREMREY T2
R5RFr, RE) . EBNES | KAEHEE (Nikon A F],
BH4s) 7 ELx808 £ EahEFHRY (BIO-TEK RF], EE) .
1.3 HpIgAR SRR

KERMESRA FEMSEA. 1.0mmolL?
5-ALA FFi2H. 10.0mmol-L* 5-ALA FF0i£H. 50.0 mmol-L*
5-ALA FF£H. 100.0 mmol-L* 5-ALA FF5£BF0 200.0 mmol-L*
5-ALA F 1 4H. 2 & 7L 1x10° > 48 B 3% Fh HUVECs F
96 FLIR A, A& 10% R4 MENDMEMIZFE, 7
37°C. 5% CO, MiBFEERIE AP IE . FHME
KELN70% CEER, 725 KE 1.00 10.0¢ 50.0.
100.0. 200.0mmol-L* B9 5-ALA FiRbEE HUVECs 24 h, Tfa

www.jeom.org



#4t5-572 k& % | Journal of Environmental and Occupational Medicine | 2020, 37(7) 703

FEARIEFRPMANEEREELRE N 30mmol-L?,
PRERIEFT 48 ho FFEEE S HEAMMEIES 30 mmol-L' &
EERNIEFRERIEST, A RAARTERIERE
higFE, RIBFF 480,

AARPRAMIOmmol L EHEEREESE
MR E5EHMmFEENHAR S, 33Fs-ALAERF 1.0v
200 mmol-L* BOKESEE, RRER@EE LR LI, 5
5-ALA SR EE K F 200 mmol-L™ B, 5-ALA B P& HUVECs
SEME ; TTE 1.0~200 mmol-L* R ESEEIA, 5-ALA It
HUVECs ;&M T &2,

1.4 CCK-8&MIELHRREM4

¥ HUVECs B /&R IZFh F o6 FLIR 1, & FL100uL,
FHRRANLEE T, IR Bl 75 A IRAARE, SRR IRLE
KRG, SFLIOAN 10l CCK-8 AT, A 4EEEFF 4h, HEFF
£HRE, RBBIRYT 450 nm N EFL A ZEEFH
TTEAEES. BHIRE 3 NEF.

1.5 DCFH-DAEMELRLA ROS 7K

MEAMIRLER G, RIEHFE, BREREELA
B, SHUEREHREBOER, 493xg B0\ 5min, 7
LiER, ARRIBEDREEME, TAHABRPMAN
K JEIRET DCFH-DA EZ&RE /9 10 umol-L*, FIZFFE
FEE 20min, KAXREEMBEMBRAMHIAR, F
Image J 1.8.0 M IT B R AR F P TFIYR A EE,
1.6 MEHABAIRALE (T-SOD. CAT #1 GSH-Px)
EMAMMDASE

MR IR R G, RAMERBRNBEME,
493xg B\ Sminfg, BN EBER, WEEBRRE, NS
EFEREN LEER, 25AF 215 BAFRNE 1-S0D.
CAT. GSH-Px &4 MDA & 2,

1.7 FitFEDR

KA SPSS 16.0 R FITHRITE DM, ITERFK
KAt IinEERT. AR REBREREZLESD
Mo FETTRY, MFELIE A LSD-t 103 ; 5 E AT,
7% 7 L 32 SR A Dunnett-t 1030, 430 7K 7 0=0.05,

2 &R
2.1 S5-ALAFFRERFE S HEX HUVECS SR
A1

S5EMTRAMLL, 154 S HEHHUVECS ST
PBE 1K (t=6.620, P<0.01), ZR5-AATFINIE240fE, 5
Ba Mt = EAMEL, 10.07100.0mmol-L 5-ALA T Fii £
HUVECs /HEE EFRREENF S, HH50.0mmol-L?

5-ALA FFEHSRAE (t=-5.032, P<0.01), WE 1,

1 2 3 4 5 6 7

U] 1=PAMEITERAE ; 2= 154 M SHEA ; 3=1.0mmol-L* 5-ALA FFI4R ;
4=10.0 mmol-L* 5-ALA F il 28 ; 5=50.0 mmol-L™* 5-ALA F Fii 4H ;
6=100.0 mmol-L* 5-ALA F Fil £ ; 7=200.0 mmol-L* 5-ALA F Fii 4H,
5BRM4ESTERLAFALL, * 1 P<0.05 ; ** 1 P<0.01, SHF4IESHELAE
b, ## 1 P<0.01o

B 1 5-ALA FFixt HUVECs ;&R MM (n=3)
Figure 1 Effects of 5-ALA intervention on the cell viability of
HUVECs (n=3)

2.2 5-ALA FB&RFE 14 S HEFREAY ROS 7K
S5AMRAMEL, F48 1% S ¥E4HHUVECS
ROS HI7K EH & (t=-10.671, P<0.01), 22 5-ALA T
IR 240 T, SRS EEAMELL, BFF0H HUVECS
A ROS KK FERFEEERIFEM, EH 200mmol-L*
5-ALA FFARRREE (t=11.232, P<0.01), W& 2,

35.00
30.00
25.00

% 20.00

E 15.00

& 10.00

5.00

0.00

1 2 3 4 5 6 7

CET1=FAMESTRRA ; 2=F LM B MEA ; 3=1.0mmol L 5-ALA F il
£8 ; 4=10.0mmol-L* 5-ALA FFI4H ; 5=50.0 mmol-L* 5-ALA FFI ;
6=100.0 mmol-L"* 5-ALA FF1£H ; 7=200.0 mmol-L* 5-ALA FF2H, 5
FAMESTERAEARLL, +* : P<0.01 ; SHFLEEDIELAMELL, #4 : P<
0.01,

2 5-ALA F5%t HUVECs FRF=4 ROS 7K FEYRME (n=3)
Figure 2 Effects of 5-ALA intervention on the level of ROS of
HUVECs (n=3)

2.3 5-ALAFURRBRIFE S ERBNE ARG
SEAMTBAMALL, FH414%E S 8ERE HUVECS R

& LB T-SOD. CAT #1 GSH-Px RUSE 14, F1% 0 MDA

HEE, EFERITF R X (T-S0D : t=11.348, P<
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0.01 ; CAT : t=14.302, P<0.01 ; GSH-Px : t=14.951,
P<0.01 ; MDA : t=-12.562, P<0.01)o £ 5-ALA F
IE24anhfE, S SREAMEL, TRANSEVEE
R EAREENIEINN, MDANEEERERE
BIBE1Ko XF T-SOD. GSH-Px F1 MDA S, 50.0 mmol-L?
5-ALA TR & E (T-S0D : t=-8.562, P<0.01 ; GSH-Px :
=-14.273, P<0.01 ; MDA : t=12.526, P<0.01) . X CAT [fJ
=, 100.0mmol-L* 5-ALA FIEA SRR (=-21.467,
P<0.01), W3 1o

xR1 BLEHAGUBGIEITER (n=3)
Table 1 Results of oxidative injury indicators in all
experimental groups (n=3)

T-SOD/ CAT/ GSH-Px/ MDA/

485!

(umL™) (UmL™) (U'mg") (mmol-L™)
BEMEXTERZE 27.77+2.28 80.30£6.40 30.38£2.17 2.16%0.20
SR 11.16+1.107 23.88+2.39"  10.06:0.90°°  9.15%0.94"
1.0mmol-L?

17.17+¢1.47°"  46.0843.91"" 11.58+1.58""  3.76+0.31""

5-ALA T

10.0mmol-L* 17.14+153""  98.52+9 68"
5-ALA FHizH o o

50.0mmol-L"

14.73+1.38""  2.33+0.12"

S ALA T 24.42+2 45" 86.68+2.60"  27.74+1.95"  2.28+0.11"
100.0 It . - .

S_ALA";:?;QE 21.80+1.47""  115.116.96™" 26.16+1.10""  2.35+0.18"
200.0mmol-L™*

22.47+2.55" 98.90+10.16"  26.00£2.75"  2.80+0.14™

5-ALA T

[E] SRRMXTEBAMRLL, * © P<0.05 5 ** : P<0.01, ## . ST SHE
£H48tk, P<0.01,

3 g

ARAREMENEEAMIS. MENEHHE
EEERERRREELENEREIRFLIES
FEEAR Y, XARAH, FEMSBETIESERNE
M| IRGE, Ms-ALATE—EZE LaRIFR
R 4BRf, IR BRI S iR (o

SN BRIERNEEEFEIZHENEE
NS K BEHRK IR RS A FaREHN—MR
TERES, ARG IE AR AR AR ERREINEE,
WINA R E N ABTHEERERS AN G Z — 1), #F
LM S MAETTIE A0 ROS FUF=4E U, ROS BRIETEIAT &
AR ThEEA A ¥ A2 FR S KB E R AV — 2B 14/
DF, EEFMEFERREERTRROER 2,
2 HIYROS BIE ¥ DNA. E R BEREMiRK K EMZH
EMEM D F, FESMRIH, FHMIEEXNEE DNARY
HAEAFEENCRGH T MONABEBRNRZK, &
ASHAAT Y, EERMRS, LM SERZIE
MBI ROS =4, REB=F P WHRFIN A

W7 REMSVERIEINE MR ROS, BRILZ SN,
AR BN T &R IRGHEMIER. Eat
BARAZRINAEAANAKRESE Z—, BFESOD. GSH-Px
FCATE, B EM A LUk MAIAELR AR A KRG
MM AY5R55 ), MDA RHE B HES|I A RIEHASHA
A SAEUMERNERIELY, M ES
MDA BY7K FjaliE R BRE (WA 9T E s RBRSR AR
S BRI R E (LES (T-SOD. CAT# GSH-Px) 7&
M FHIE 10 MDA BY7K . IEE MR P INE EKINRIE
R, WNEME P REL EERFAMERTHAR
RRIMEINALES SOD. GSH-Px EMEREAR, F B MiE
MDAKEFE, FiEikE ™ AR LI =57 1R
AR 4RRE A soD # CAT BYSE M, 1690 MDA B97KF, E
RARERYIERFEMSEIESARMART 4
fbiifn, AL, XATRHAETIERFLERTIE
HTHAS5HME,

S-ALA BB RIPOAE. LWL, g R
FInEWIER 29, LuFEBI R A, BETIF
HERANSLHNE ERAM, £ 5-ALAFITIRER
WM& TRIER, THHIROSBIF= 4, #HM
ERMBET, BRI Z I, Hua E B R IE T 5-ALA
o I F BT Rl BRI EINET AN RE AR
AT E/NRERIERNE MR G SHARE
T 5-ALA BT /D ROSFIMDABI = 4, IR S IMA LES
(T-SOD. CAT #1 GSH-Px) BY;E M, R S-ALATE—EZ
ELEAFRIPFAEAE, RRFEESREERNEN
Wilh, EREIEMRE, CATESALATHEESERE
mE, BXESTFT TRMXRANEYE, —HE IR
BT CATEEEIMRERIEE, HI T — MU Mg
IR ; S—HEAI e T 5-ALA KRS AT RERIE N
CATHYEM ., EELNARA, RBAARRNRITH
SRS NEIE RN R BRI (A I,
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