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10 i, SR ELISA i3 41 % Sk b AGEs sy A7 @ |G M HL 48, 43R NDR 41 NPDR #{ fl
PDR 41 4 R A Hh DM 28 5 B W 2 4390 (31,9025, 00) | (35. 83+4.22) Hl1(38.59+5. 11) pg/ml, CML J&
VRS2 5k (18.82+3.84) (19.65+2.12) 1 (23.77+4.73) we/L, Bk mke i 5 £ v J3 43 B o0 (13.12£2.71) |
(14.48£2.01) Ff1(15.37+2.74) pg/ml, ¥ 8] i & F NDM ZH 1) (27.69+1.53) pg/ml, (11.36+1.47) ng/L Fl
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[ Abstract] Background The generation of advanced glycosylation end products ( AGEs) is one of the most
important characteristics in diabetes mellitus (DM). Its role in diabetic eye disease is still unclear.  Objective
This study was to investigate the changes of AGE levels in human cataractous lens in diabetic patients and further
explore the relationship of lens AGEs with early diabetic retinopathy (DR). Methods This study protocol was
approved by Ethic Committee of He Eye Hospital. A cases controlled clinical study was carried out. Forty human
nuclei were obtained from 40 cataract patients during the phacoemulcification in He Eye Hospital from August to
December 2014, with the nuclear hardness of Il-IV grades ( Emery grading). The eyes were divided into non-DM
(NDM) group and DM group,and the DM group was further divided into non-DR (NDR) group, non-proliferative DR
(NPDR) group and proliferative DR (PDR) group. Lens AGE level was quantitatively detected by ELISA.  Results
The content of pentosidine was (31.90+5.00) ,(35.83+4.22) and (38.59+5. 11) pg/ml,and that of carboxymethyl
lysine (CML) was (18.82+3.84),(19.65+2.12) and (23.77+4.73) wg/L, and that of imidazolone was (13. 12+
2.71),(14.48+2.01) and (15.37+2.74) pg/ml in the NDR group, NPDR group and PDR group, respectively,
which was significantly higher than (27.69+1.53) pg/ml, (11.36+1.47) wg/L and (10.21+0.54) pg/ml in the
NDM group (all at P<0.01). The contents of pentosidine and CML in the lens were significantly higher in the PDR
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group than those in the NDR group (all at P<0.05) ; while there was no significant differences in the pentosidine
content in the lens among the NDR group, NPDR group and PDR group (all at P>0.05). The positive correlations
were found between CML content and pentosidine content (r = 0.623, P = 0.000), between CML content and
imidazolone content (r =0.717, P = 0.000) as well as between pentosidine content and imidazolone content
(r=0.669,P=0.000). Conclusions The levels of pentosidine, CML and imidazolone in cataractous lens are

obviously elevated in the DM patients. The levels of pentosidine and CML in the lens are gradually raised as the
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aggravation of DR. AGEs might be a potential maker for the assessment of diabetes.
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6 399 4 5L £k 2% oK 7= ¥ (advanced glycosylation end
products, AGEs ) Bt ;= A= &2 ¥ JK Ji§ ( diabetes mellitus,
DM) Jz HFF &0 & J i) B SR AIE . AGEs J2fk N A
J5 5 7] 2 W B At s D RO S A SR — 2R AR E A
oG, mT S BN AE A B A A 545 AR A0 ) R
BEF 80 L /0 A £ 3R A O SR B T LG A 5 5 1R
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AGEs T & — A 2218 1y o A8, 32 B2 5% 44 9 o 52
BB A B s S R R R R R Y
SRR (R A2 R R B 520, H AGEs
T UG XE LR A, T AE DM AR5 (R N BRER 77 2R BUWR
e . AGEs [y 4y 3 BEAL G BT 3 R T S
Z R ( carboxy methyl lysine, CML) | BR Mg i | it i 25 45
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7 DM P 5 N BEE B b vl B8 4% AR . AR ST AR
WEE DM & F R IR T AGEs 5 7 1y 2 1k, Lt A
DM 15 NDM 4 (5 A B 8 2 Aotk IR v AGEs &5 1Y 22
S, — L AGEs 55 M JR o AL ) 5 5 722 ( diabetic
vetinopathy , DR) 5 B2 [ 19 5

1 #M#5EFE

1.1 — sk

K FA G0 BRAJF 52 7 i, 1B 2014 4E 8 — 12 /]
TE TR PR EG AR B B2 B 47 8 P 3L AL TR 19 1 9 B iR
40 {51 40 W, B FAFEWRE Hy 55 ~75 %, 55 19 i), 2 21 i
e NUZ A A DMK R 51y NDM 4141 DM 41, NDM
HALFE WA OCHE N B R E 10 5], DM 2 2 N 4y
WRHRIZ I 2 B DM PR A RS 30 4], Horh DM 2]
ficH DR [ B i R A% M (2002 48 ) 23S 6 W1 2 40 1
B #% A8 (non-DR, NDR) #H . 4E % 4= #] DR ( non-
proliferative DR, NPDR ) 21 . 3% 4= #] DR ( proliferative
DR,PDR) 4, %4 10 fi] . DM ZH+ DM Jigs -l 1 ~5
HEH 8,6 ~ 10 4£35 11 4,10 4 DL B3 11 4], H rh

17 {5i) ] B 28 245 0 4 o i Al /K -, 12 451 R P & 3R T
SEEEd MK 1 PR E RIEZ RGELE. A&
AR HT AR R N BRSO B OB IR
] e 55 5 MR A 473 25 At R g LA B P HIR TR s o K AR
Emery % )3 43 9% 05 10, KRR 11 19 W A% B ) 40 % 2
N~ VG AWETE Gk B A FIR A} B B 18 3 2= 51 2%
HEHEL LT : YI(2014) KOO1. 02) ], AMFFE BT 4F
BMRFIEEF .

1.2 ik

1.2.1 BE-BAME 0 FE R P, & S
& R B 45 JE (systolic blood pressure, SBP) Fl &F
7K JE ( diastolic blood pressure, DBP) , 1% {4 Jifi & 35 %k
(body mass index, BMI) ,BMI={£Jf & (kg) /& &5, #
Ay R MR OO IR IS R R R R MR IS B |
B RUE A A I A8 A5 25 bR A 2 AR Lol A9 ] —
& BRTERAT

1.2.2 AW e bn i I A I A8 2w Ak 21 25 B
(haemoglobin Alc, HbAlc) . = Bt H i ( triglyceride,
TG) . & IH [ B (total cholesterol , TC) |75 %% & I8 25 [ IH
[ % ( high density lipoprotein cholesterol, HDL-C) {I§ %
FE NG 5 © H [& B (low density lipoprotein cholesterol,
LDL-C) #1%5 i Ifil §# (fasting blood-glucose , FPG)
1.2.3  ELISA B0 7E iR 18 AGEs g el W de
A LA YRR TR i SRR BT S ml B
LY, PBS(pH=7.5) # ¥, it A 1.5 ml NaOH
(0.1 mol/L) ¥ ¥, &2, B L ¥4y 12.5 em, LU
12 000 r/min & .0> 20 min, I F i, B 1. 0 mol/L
HClE WK pHEHMZE 7.5, BCA Bl EHEEHWE ., N
UIAE b IBCH 10R) & B i U A i, R T P 30 min £
o REREAL (3 AN AL) FIARHE fL 45 SO wl A b £
Pid PR A RS B 37T CHER R TIRE
30 min, FEHA, BT, BEALINE DRI, #5030 s J5 5
2, S AT AL ABER KR S0 pl, PR
UL E RS BEALIA SO pl AR A, F
BIA S0 pl A5 B 4RI, & T 37 ClHHlE IR &
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WG 10 min, AFFLINA 50 pl 28R RIR AT, &0k %
Nio 15 min Y HTEERAX TS 450 nm L0562 (A)
Ho ZehibruEmn e, FIRIARHE S S A EH 5 iR
b AGEs Jiii ¥k JE .
1.3 Sibrik

K H SPSS 19. 0 Geit# A AT G it 2= b B, A
F 7% 0 2 48 A 10 55000 R wes R o R ¥ 0 4l
Z K P58, DM 41 NDM 41 \NPDR 41 #1 PDR 4
HF IR P OB R K CMIL K e i 5 94 B3 1
TR 22 S LA SR PRI R 5 22 40 M, 4L IR) 2 o LE AR
FH LSD-t K %%, DM A8 2 & & W 45 F5 19 ¢ R R H
Pearson Z8PEAH 5C 43 Mo TFEUE B LB R R 56
KPR R 5, P<0. 05 26 S A Se i3 38 X o
2 #R
2.1 DM 205 NDM 2H % 528 B 0F L i

DM 415 NDM 2H (8 35 1 i) A % R o 42 4 5k 1l
JE TG 4§ 1 2 S ¥ LG 1T 24 & L, DM 41 & FPG

JKFF1 HbAlce 1 BA S & F NDM 4, = S ¥ A it
RN (ELD),

#*1 DM 5 NDM AEHFEXEFLR

TiH DM # NDM 4] X/t 1l P
PRI/ 4 ,n)® 13/17 6/4 0.301 0.473
AR (ves, )P 64.00+ 4.10 64.63+ 7.56 -0.334 0. 741
BMI(x#s,kg/m?)" 23.7 £ 3.7 23.4 3.6 -0. 194 0. 847
SBP(xxs,mmHg)?  141.8 £17.5 133.3 =14.1 ~1.340 0.188
DBP(x+s,mmHg)" 82.7 +10.1  80.0 = 5.6 -1.503 0. 303
TG (x+s,mmol/L) 1.7 £ 0.7 1.8 + 0.6 0.416 0. 680
TC(xts, mmol/L) 5.7 + 1.2 5.7 0.9 -0.024 0.981
HDL-C(x#s,mmol/L) 1.3 = 0.3 1.5 + 0.3 1.736 0.910
LDL-C(xs,mmol/L) 3.4 + 0.7 3.5 £0.7 0. 180 0.858
FPG (%+s, mmol/L) 8.0 + 2.5 5.5 +2.5 -4.533 0. 000
HbAlc(ats,% ) 7.1+ 1.3 5.5 0.6 -4.579 0. 000

T : DM : B BR 9 s NDM ; =JE 8 FR 9 5 BMT: {4 Joi & 45 %i; SBP: il 46 /% 5
DBP: &7 5K [ ; TG : =t H i ; TC . & JIH [ i s HDL-C . 55 % B2 fig 28 1 fiH [
Fi s LDL-C - A1k %% 8 15 25 1 I [ 5 5 FPG %5 I I % s Hb AL e Mk 1M 21 28 1
(1 mmHg=0. 133 kPa) (a:* #a36 ; b: ML AEA ¢ 1056)

2.2 BAEBEGIRIET AGEs & 1ok i L #5

AGEs Ji7> 645 W% R .CML FBK i, NDM
R SRR T OB R = K (27.69 +
1.53) pg/ml, NDR, NPDR, PDR 41 4 % & (31.90
5.00) .(35.83+4.22) F1(38.59+5.11) pg/ml, 4 4~41
R R R Bk EN E R A RITE R X
(F=12.660,P=0.004) , 2+ NDR NPDR PDR 4] /&

Hem R T SORE T R R W B S T NDM 4, %=
S S 2 X (P=0.028.0.001.0.000) ,PDR 4

R AR o BB R TR W) s T NDR 41, 2%
FAGE X (P=0.008) ,NPDR 5 PDR 4 [a] &t #
A R O R BT W 22 R RS X
(P=0.174) (E 1A) .

NDM .NDR .NPDR #I PDR 41 & & 50k & CML
S B Ay W (11.36 +1.47) . (18.82 +3.84) .
(19.65+2.12) F1 (23.77+4.73) pwg/L, 41 [a] M 44 [ A
LRH G % L (F=24.410, P =0.000), NDR,
NPDR \PDR £H f8 75 di AR A4 v CMIL J5g &2 Wk F W) 2 & T
NDM 4, 22 4 A it & L (¥ P=0.000) ; PDR 2

B dm R AR CML BT 5 9k W] 2 % T NDR 41 f
NPDR 41,2 % ¥4 % it 23 X (P=0.019.0.022),
NDR £ 5 NPDR 4 8 # d IR A4 o CML J5g o v B35 ) 22

s G E X (K 1B)

NDM NDR NPDR Fl PDR ZH g & f bk 1A vb wg s
il 5 e W BB 4 Ok (10,21 £0.54) (13.12%2.71) |
(14.48+2.01) F1(15.37+2.74) pg/ml, 4[] sa {4 H 4
LRH G %% X (F=6.920, P =0.000), NDR,

NPDR 1 PDR 41 (8 35 AR 1A oy K nse 1] Jot £ v J32 34 1]
W& T NDM 4, 22 5 WA it % & X (P =0.008,
0. 000 .0000) ,NDR .NPDR % PDR 4[] f 3 &tk 4 o
DK nae i 5T MR AR RS L, E R S E X
(P=0.219.0.081.0.416) ([ 1C),

0
NDM#] NDR4] NPDR 41 PDR4]

Z 18 i a B1 &HBERWKMES AGEs

il ERAMBLILE A 540

jg%(z)— AR A R SRS R T e

i gl B # F=12.66, P =0.004.

ig; 6F 5 NDM 41 4%, P<0.01; 5

g o @ PRALILE, P00
0

75 2553 BT , LSD-t £ 5 ,n=10)
NDM : | ## JR 97 s NDR : JF 85 JR 95
IR 55955 75 5 NPDR - =l 38 A= 6 BR s 400 19 JIEE 955 7% 5 PDR : 18 A= 1 M PR
AL IR S B & AR ORIk CML R b F=
24.410,P=0.000. 5 NDM 4 k%5, P<0.01; 5 NDR 4 L% ," P<
0.01;5 NPDR 4 [ #¢,°P<0.01 (PR £ 7 2% 43 47, LSD-t #5386 ,n =
10)  CML: 3 Y RE 1 520 2 ; NDM =l M PR 5 NDR : = B JR 9 B 1) it
93 7% s NPDR 3 38 A= MM bR s W0 D) 1559 7% 5 PDIR : 338 A 11 M DR 9 40 1)
B AE  Co 4 2 A WK A T R e T B MR Y LB F=6.92,
P=0.000. 5 NDM 41 b5, P<0. 01 ( M. 2 7 224007, LSD-t K5,
n=10) NDM:JEHE IR s NDR - JE M G5 0 I [0 A% s NPDR - 3R 3 4=
P PR3 AL T S5 4% 5 PDR < 398 A P 0 R s 400 ) s 2%

NDM41 NDRZI NPDR41 PDR#L
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2.3 DM @#H IR H AGEs #% i 73 Jot it ¥k B2 1 A
Ktk

DM B fi R A CML Jo i ok B2 5 OB R
ﬁﬁ%/’&f}? HEEIEAR G (r=0.623,P=0.000) , [ f

ARAR T CML 7 5 v B 5 0k nae 1) o 8 v 5[] 22
K (r=0.717,P=0.000) ; $%‘aa4k12|itljﬁzﬁtr$ﬁ
U R IR e A o vk R () S R ORE IE A 56 (r=10. 669,
P=0.000) (& 2).

30.00 30.00 45.00
= of = E
5 25.00 E 25007 : 40.00f
3 RS E: 2 =
& 20001 e i 20.00f 2 35001
I ° ¥ g
\Jg 15.001 ‘”EISOO- %\’«i 30.00F
= = e i T .
S 10.00f r=0.623,P=0.000| Z 10.00F 3 r=0.717,P=0.000| %2 25.00F . r=0.669., P=0.000
=
5 OO 1 1 1 1 @ 5 OO 1 1 1 1 @ 20 00 1 1 1 1 1 @

20.00 25.00 30.00 35.00 40.00 45.00
PCHEH 2 B RE (pg/ml)

8.00 10.00 12.00 14.00 16.00 18.00 20.00
IR il 55 S (pe/ml)

8.00 10.00 12.00 14.00 16.00 18.00 20.00
WK s e o R (pg/ml)

B2 BERREZP AGEs EHSWBEXMESN A DK SR CML T e B2 -5 I 32 57 5 vk B2 8] 2 v B2 IE A 56 (1= 0. 623, P =0. 000)

(Pearson ZE A &40 M1 ,n=10) CML. ¥ H 3L i 24

B2 B SRR CML T 32 55 DK i I o 2 9 J8E ) 22 P 2 IE AR OG (r=0. 717, P = 0. 000)

(Pearson ZLPEAH K3 ,n=10)  CML R W REMIEER  C. 83 SR O b OB T 3% 00 Gk 2 15 W0k i ) Joig &4k 9% 38 (1] 222 o B2 IEAH 56 (= 0. 669, P =

0. 000) ( Pearson £k 4H & 43 #r ,n=10)
3 it

DM 1 I g & DR E 2 A 200 71 5 105 I 2%
B W B R 22—, % B R B ] A5
JI S BN, T AGEs 7E DM g 3ok 78 vp 2 4 4
ER . BHRICHI#M AGEs BU5r A JofE 17 & (CML  BK
WA T | I 2 R e e T L R R RS R, HLIR Y
P 77 i B 0, AN AR IR B 11, 5 5 s B SRR AR B
Wil o OB R — R TR R R RS &
PR 5% 55 SRS Z 0] (Y SC K 77 ), 2 — o nT s 44 PN
A0S B A TS AR A R R ) AR A bR AR
P, CMLERE 5 & A B Z | A & Ay,
—FhEEE T CML (1% & &5 0l DL me HAE Bl L1k 5 41
A0 98 1) SR FR A R R DR A 2 IR AR Ak 3 A b
T T 5 & A BEAS 7 0, T FAE AGEs JE B HE 4]
PR3l BB bR S 90" L Franke 28V BESE R W], E N
B B 1 Al R AR I 5 K R AR AE I AGEs 153 A I
B R CCML I BR e R, = 35 19 & 13 5 dl IR AR 1 R
TR B ST PN T K s B B DA O

BHEEEAL P b RAR B 1 B AR TR B 0 TR B N
DY ANESIESTT SRy i IF 7S H N E=R AR & 35 SE 3N
S DM A RS IE B LA T AGES Y
WA iR B kR EEM, F I HArkh
AGEs Rt B 5 AN B L i " . Kasper % 0
AR 2 bt A Bl ML R B BT AGEs (938 i3S
LA R SRR TR AGEs & 8725 b (1 AT Z 0% 1Y
BRRZ— A, BT a R 2 4 20 Mo f5E LA 2E s

PE UK R AGEs Jo ik 5 7 240 Mo B8 i HE i, R
TEANMEP , BRI M, Franke 281 SR 4
EH LA FIE W IR R T fk kb AGEs & 5 5
RERZE I 2 (B O R, & BBl & IR A A2 2o 1) 1
T, SRR AR AZ i CML SO 17 2% DR i 1) & B 2
A, A K ns ) 7 & B CMIL ORI R W & =3
TSE AN o AWETE R T HERR AR R SRR R B
X} AGEs 7 & [ 52 , fE 99 N\ BB E B Y3k £ 55 ~75 %
HLHFEBE ~ IVRAZ ) BB, bR A AZ 2 R IR
W RO IEIM

HETK I AGEs & 5 1) J7 35 A48 41 F 9650 #r .
% BT B IO G RE o A I S AR A AT A L IR
ok ELISA ¥4 I\ 2y 2 — Fift o 46 I f E AGEs B9 )y
WU RIS SR A ELISA 34 [/ CBE R DM {5
NDM ¥k 1 P e i 5 iR i v AGEs & i i 17 T LK,
KILAE DM 4 /5 d R f b CML Bk s i 55 42 35 g 3%
T NDM 41, 5 A GE — 20 A DM PR N
B SR PR 2 e B S T E Ak
fiRiE PNk DM 45 NDM E Wﬁa%%‘aaﬁﬁiqﬂﬂ/‘:
W EM SRR 2% Bt E sz M5 ot
FHGE AW T R WFFE T A E O SRR AGESs
(728 Ak, 5 I R A ORI 2R B R Y 2R AT RE R
Hh [ B R S PSR A o

DM % AGEs FZAFAE T I Sl 48 15 )5 40
HR T Ak T R R PR R A A e L 28
A LRI B AGEs i 4 T I 45 B 20 o 2 Bz bk 1 12 J5L 27
derh A IE R AGEs 1 X i i H2 i & DM Jf & 4
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M % RT3 22, B A R AS AR I 5 224 D 2 A
AR EE FUA B T 338 7 1 0% R M TR O R BR AR R R AR
WAL B R A AR 3 S R TR IR A 1 AGEs
B IV B RE L SC M S Bt AGEs FE 1A N U B ALY
15 0

HHTOCT MR IA AGEs 5 DR & A4 Fil it & 7] ¢ &
RIS /0 A5 WF 5% 4 3 FR L3 Hh CMIL 7K F-#£ NPDR
A PDR [ B B B 2 T =i, P RE S8 2o 5 e i N B
201 R 240 i 1) 21 B T SO0 A R A5, AT AR o R
o0 5 A8 14 TR B 0T AR IR TR R O R R R AGEs
ity DR YEAT T 4047, 45 5 .78 NDR (NPDR |
PDR 21 £8 35 19 & R A o DGO 1 28 L CMIL | bk s i) i 4k
W AR R 3 U = S I B2 DR G AR N f
AROMM S AGET a0 R, IO E AE PDR 41
3% = T NDR 21, CML i & W< £ 75 PDR 40 i 3% & T
NPDR 41, 1fij 3 /> 2 7] W m il 55 42t v B35 14 22 5% JC 56 3t
S0 HIGHE TS, CML 7 &R A v i) B 0 8 00 0
FM CML 5 BE AU 2 il DR A4 5 72 , 171 IR 4 28 M
CML 7K 5 G4 75 NPDR [1] PDR 3JF J&& 1t & 5¢ 42 ¥
B AP RS

25 LR AHIESE & B DM R R R b SpE
TFE (CML R i 7 o 3 3 68 3 T v, & bR A v b
1% J CML K- fERf A DR [ 3F i i 88 i , e 4 %
Al RE S R E ONHE DR YRR SRR AR R AR R
AGEs T B )& 5 DM 5 28 F2 Al SC i bR i . H AT IE
FEWE R —FhIC R SRR T AGESs /K SF- [ A 5 125 o
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