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7] (0.15 mol/L): FREL 1-(4- FRILIKKL)-3- FH AL -5-
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Table 1 Final concentration of D-glucose and D-ribose in standard curve
1" 2 3 4 5 6 7
D-Ribose 0 20 40 80 100 160 200
D-Glucose 0 100 200 400 600 800 1 000

Y The mean value of duplicate results for each concentration of standard substance, which unit is expressed in wmol/L.
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Fig. 1 Assays of uric D-ribose and D-glucose with (MOPBA) through HPLC
Aliquots of urine (400 pl) were taken and incubated in Eppendorff tubes with 600 wl 4-(3-Methyl-5-oxo0-2-pyrazolin-1-yl) benzoic acid (MOPBA)

reagent for 1 h at 70°C . After cooling to room temperature, the reaction mixture was acidified by adding 150 wl aqueous HCI (2 mol/L). The mixtures

were vigorously shaken and centrifuged (13 000 r/min, 4°C, 10 min). The supernatants were finally filtered through 0.22 um Nylon membranes and the

resultant solutions (20 .l each) were injected into the C18-column on a UV-HPLC. The ordinate represents the absorbance area of labeled carbohydrates

(arbitrary unit). Maximal absorbance of D-ribose and D-glucose was as indicated with arrows (panels a, ¢). The standard curves for D-ribose and

D-glucose were shown in panel (b) and panel (d).
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Table 2 Concentrations of uric D-ribose at different time points

0 1 2 3 4

5 6 7 Mean" RSD/%

114.81 115.47 115.25 114.60 114.01

113.53 113.14 112.81 114.20 0.86

Y Uric ribose concentration is in pmol/L in the subject of control group. Data in means assayed at each time point (n =5). No

significant difference among the values at room temperature at different hours (P> 0.05).

222 HIAZE. $%IE 1 P a5 70%,
P PRFE, BRERR L RAS I . RS R R T 4C
AT 5 UCPAT SRR, SRR, RPN A

K, IE (1 MOPBA- 3 J5UBEAT A=)~ S AT P B
IR(K 3), Prek, FEah e 42 1) MOPBA- i4 )5t
BERTAED, 24 h A S AAG DI TR].

Table 3 Changes in the concentrations of uric D-ribose at different days

Day 0 Day 1 Day 2

Day 4 Mean" RSD/%

119.40 114.72 108.91

106.29 112.32 5.26

) Data in means (n=5). No significant difference among the values on different days (P > 0.05). The samples were kept at 4C

before injection into HPLC.

223 e O AR R A, 28 ml i A
40, 80. 100 wmol #% #f br#fE &, 24T HPLC &

W A B =R AR/ ARE I
R HPATUS, BRI RDECEL) 99%.

Table 4 Recoveries in the assay of uric D-ribose with HPLC

Input Mean" Recoveries/% RSD/%
40 39.92 99.80 223
80 79.11 98.89 3.23
100 100.70 100.70 2.55

YData in means (n=5).
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Fig. 2 Isolation of urine D-ribose and D-glucose with MOPBA through HPLC

Urine samples were reacted with MOPBA and than isolated through HPLC under the conditions indicated in Figure 1. The maximal absorbance of

D-ribose (a) and D-glucose (b) in urine obtained from non-DM patients, DM patients and standard D-ribose solution as control.

Table 5 Molecular mass of MOPBA-ribose and MOPBA-glucose adduct with FTICR-MS

Sample mlz Means. m/z Formula Error/mu"
Ribose of standards 569.18782 569.18849 CyHyN,Oy -0.7
Glucose of standards 599.19838 599.19822 CxH3N,O; 0.2
Uric ribose of control group 569.18782 569.18419 CyHyN,Oy 3.6
Uric glucose of control group 599.19838 599.19996 CxH; N, Oy -1.6
Uric ribose of diabetes group 569.18782 569.18557 CyHuN.Oyy 2.3
Uric glucose of diabetes group 599.19838 599.19887 CxH; N, Oy -0.5

U Error less than 5 mu were confident.

24 MBRFEEERZENREEESEE AR

XL A 2 BOBE PRI N (n=30) 1 PR LA K [
U4 0T L2 AR E N (n=30) FR A A0 2 R BH (3R 6), 2 7Y
B FR 3 S PRAZ B VA P A Wl 2 (P < 0.001) ey T e
XTI 3a).  [RIE, Ao b s i3 o i 28 B /K
SRR R (P < 0.001) /5 T4 B L 41(18] 3b). %
HEMER o A5, R PR B DR AR A K A 2

B ARPHAR 53 IR S 25 (P<0.001 ) i T 6 L 4.
R, SRS Lotk 1) PRAZREFN PR A 22T 7K PR
DA ZE 0 (B e, 3d). PR AL R AZRE, Bk
(134.28+35.09) wmol/L, Z1E: (97.33+£23.68) wmol/L;
IEHALIRAZRE, FiPE: (35.99+5.64) wmol/L, ZP:
(33.72+6.27) pwmol/L.



2013; 40 (9) ik, 2EERFEERGEAKERESTESR «821e

Table 6 The demographic characteristics and uric sugar level of T2DM patients and control group

Control group T2DM patients group

Name Gender Age FBG Rib Glc Name Gender Age FBG Rib Glc
I\ M 73 450 3738 19498 Dxx M 65 1000 1292 7657
Cxx M 73 4381 5201 74463 Hxx M 56 1520 14491  2007.19
W M 77 482 1837 276.54 Lxx M 50 9.02 4051 34676
Wi M 76 490 5536 506.40 Wxx M 39 776 2974 225.38
Txex M 76 4.95 1640  476.44 Wixx M 64 6.68 22717 378428
Qxx M 64 5.00 15310 620.74 Wxx M 50 8.51 6.96  2256.12
Dxx M 72 5.06 2267 368.35 Zxx M 51 962 19.67  309.80
Mixx M 70 507 1094  278.52 Dxx M 64 19.68 49821 34556.11
Txx M 73 507 3065 23245 Cxx M 79 6.40 95.87  1743.03
Sxx M 74 533 8400  426.04 Sxx M 79 7.90 4033 16326.77
Hyxx M 58 540 68.16  248.26 Kxx M 56 6.58  192.06 30247.77
Cxx M 81 557 694 14328 Kxx M 62 743 30298 169624
Cxx M 62 6.17 3885  248.07 Cxx F 53 9.79 2832 21027
Lxx M 78 6.42 2974 305.26 Gxx F 63 5.12 725 129.14
Lxx M 73 6.50 2410  203.83 Hxx F 52 10.10 429  101.82
Lxx F 59 4.69 13.05  223.87 Hx F 67 7.82 91.58 151429
Mxx F 63 4.69 88.60 67627 Lxx F 62 12.98 28.18  8387.59
Lxx F 71 4.80 551 114.50 Lxx F 81 10.02 141.91 22291.75
Ixx F 67 4.84 30.23 238.50 Lxx F 58 9.60 87.43 1323.10
Fxx F 62 4.89 76.06  249.32 Lxx F 61 7.42 927 14128
Fx F 72 4.90 24.40 190.46 Sxx F 58 6.82 73.96 778.43
Sxx F 93 491 23.68  128.04 Wixx F 58 8.64  294.52 17623.54
Zxx F 75 4.99 21.14 138.70 Yx F 61 10.28 55.44 451.00
Zxx F 76 5.02 3806  190.87 Lx F 52 6.10 50.05  396.60
Zxx F 58 5.09 5817  232.28 Lx F 53 11.00  241.68  5960.42
Zxx F 68 5.9 2213 212.13 Zxx F 58 13.00 26.82 18125.28
Zxx F 70 5.45 3247 28431 Wx F 53 7.74 8740  681.44
Cxx F 68 5.50 1013 272.11 Lxx F 63 710 34069  1424.40
Wxx F 77 5.59 2839  463.18 Lxx F 60 720 149.95  5309.84
Pxx F 75 5.66 8.83 83.59 Hxx F 55 6.90 33.14 87147

The capital letter is the abbreviation for the last name. FBG, Rib, Glc and T2DM represent fasting blooding glucose, D-ribose, D-glucose
and type 2 diabetes mellitus, respectively. The fasting blooding glucose concentration is in mmol/L and uric sugar concentrations are in

pmol/L.
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Fig. 3 Type 2 diabetics with a significant high level of uric D-ribose

Concentrations of uric D-ribose and D-glucose of Type 2 diabetic patients were determined with the MOPBA method as described in Figure 1. The

concentration of uric D-ribose (a) and D-glucose (b) from diabetics is significantly (n=30, *** P < 0.001) higher than that from control group (n=30);
and that of uric D-glucose (b) from diabetics is also significantly (n=30, *** P < 0.001) higher than that from control group (n=30). Furthermore, the

concentrations of uric D-ribose and D-glucose from diabetics were also significantly higher after the subjects were divided into male and female, as

shown in panel (c) and (d). However, no significant changes were detected between the genders. T2DM: Type 2 diabetes mellitus. Non-DM:

Non-diabetes mellitus.
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3.1 HEREBHRZERI KA T
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IR, MR Castells” 7] LU T R B0 &
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BARAZHE B AT AR ISR 22 i, 3 5 Fl R
PR GE 2SR AR O, T AR BRI B 3L 74,
EAEAEBIAAE T, IR R >, JEAAS
MBI e BT, L, IR Castells” ¥4 H
T IRAZHE I, L4 AT 4.
3.2 KRREEERIKRIR

D- M AT LB ok, S, BE I

A LA AN -E i UL AR 55 5, A% B kil A
N Ik ATP 23 i i ™ A IR B I e 141 B 4% 7 ik
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5- WEIR B — @ A= kb 7oL UL A M A 1% JUL 4
Mo ATP b e S22 (KB 0E, AENLARZE Dy dsa . SR
o s E s, JARREE . U,
B T LUOE I AR g AR, TR 5- BERRAXBE,
(HICE R .. . SR, 2 B R A
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s L — ST R .

PRAZHESR B T30, 2 BORE PR G B3 PR AZ A 1
BETEE, UM BE KRR TR AT
MIGERKA, FEPRAZRETT iy, PR 2R L
WIF R, W7 2 B PR 6 4 B A 2% 3 13 1)
I, AT REA B A M. U, 2 B R
B I PR B R A 3 AL,
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The Abnormally High Level of Uric D-Ribose for Type-2 Diabetics”

SU Tao"?, XIN Liang", HE Ying-Ge", WEI Yan", SONG Yi-Xiang?, LI Wei-Wei?,
WANG Xue-Mei?, HE Rong-Qiao"™
(" State Key Laboratory of Brain and Cognitive Science, Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China;
Y The Graduate University of Chinese Academy of Sciences, Beijing 100049, China;
3 Peking University First Hospital, Beijing 100034, China)

Abstract In 1815, the French chemist Michel Eugene Chevreul (1786—-1889) discovered that the sweetness in the
urine of diabetics comes from grape sugar or D-glucose. Diabetes mellitus (DM) is considered as a group of
metabolic diseases characterized by hyperglycemia (high concentration of blood D-glucose) resulting from defects
in insulin secretion, insulin action, or both. On the other hand, D-ribose as an energetic enhancer was found to
decrease the concentration of blood D-glucose, and thus "Oral administration of D-ribose in diabetes mellitus" was
ever described by Steinberg and colleagues (1970). As described previously in this laboratory, D-ribose rapidly
glycates proteins, such as BSA, neuronal Tau and a-synuclein, producing advanced glycation end products (AGEs)
with severe cytotoxicity, leading to dysfunction and cell death, in vitro and in vivo. Intraperitoneal injection of
D-ribose into mice significantly increases their glycated serum protein and blood AGEs though the concentration of
D-glucose became slightly decreased, suggesting that D-ribose is much easier to produce AGEs than D-glucose in
vivo. Here, using 4-(3-Methyl-5-ox0-2-pyrazolin-1-yl) benzoic acid (MOPBA) coupled with HPLC, we determined
the concentration of uric D-ribose of type 2 diabetic patients (n=30) and the age-matched healthy controls (n=30).
The results show that the yield of the derivative of MOPBA-ribose is linearly correlated with the concentration of
D-ribose (7=0.999) with a recovery of 99%. The isolated fractions of D-ribose and D-glucose from urine of type 2
diabetic patients through HPLC were analyzed by mass spectrometry, and the results showed that the fractions
contained 569.19 u compound (CyHxN,O,, D-ribose), and 599.20 u compound (CyH;N,O;, D-glucose)
respectively. The concentration of uric D-ribose of Type 2 diabetics (male (134.28+35.09) uwmol/L, female (97.33+
23.68) wmol/L) was significantly (P < 0.001) higher than that of the age-matched healthy control (male (35.99 +
5.64) pmol/L, female (33.72+6.27) pmol/L). Under the experimental conditions, the uric D-glucose level of the
patients was also markedly (P < 0.001) higher than the control. Further analyses showed a marked increase in the
level of uric D-ribose from either male (P < 0.001) or female (P < 0.001), but a significant difference of the uric
levels between male and female could not be observed (P > 0.05). The high levels of uric D-ribose and D-glucose of
the patients suggest that type 2 diabetic patients are not only suffered from D-glucose metabolism disorders, but
also from D-ribose metabolism disorders.
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