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Levels of serum ascorbate and its metabolites in hemodialysis patients
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Yasushi SAIKA**, Ryoichi FUJII, Masatoshi MUNE*, Masakazu ICHINOSE, and Susumu YUKAWA

*Third Department of Internal Medicine, Wakayama Medical University, Wakayama,

**Department of Internal Medicine, Fujii Hospital, Osaka, Japan

The status of ascorbic acid (AA) in dialysis patients is the subject of debate. Some reports have found
AA to be deficient in dialysis patients, while others have found that AA is not deficient. In an attempt to
confirm AA serum concentrations in dialysis patients, we analyzed the concentrations of AA as well as
its metabolites using the specific determination of AA with chemical derivatization and the HPLC method.

We studied 131 patients under maintenance hemodialysis therapy (HD), 23 patients with chronic renal
failure (CRF) and 48 healthy controls(C). Serum concentrations of AA and the AA metabolites dehy-
droascorbic acid(DHA) and 2, 3-diketogulonate (DKG) were measured by HPLC. Nine HD patients
were taking AA supplements. Seventy-six(62.3 %) of the 122 HD patients not taking AA supplements
exhibited deficient levels of AA (<20 M), while 13(56.5 %) of the 23 CRF patients and 9(18.8 %) of the
48 C showed deficient levels of AA. Analysis of AA metabolites in the normal-range AA (20~80 M)
group revealed that the DHA/AA ratio in HD patients was significantly higher than in C(3.3+2.6 % and
1.242.2 %, respectively). The DKG/AA ratio in HD patients was higher than in CRF patients (3.6 +5.2 %
vs. 0.9+1.9 %), whereas DKG was not detected in C. When compared to serum levels before the start of
dialysis, serum AA, DHA and DKG concentrations at the end of the dialysis session decreased by an
average of 74.2, 84.0 and 78.8 % respectively.

In HD patients, serum levels of thiobarbituric reactive substances (TBARS) were significantly lower
in the higher AA (>80 M) group than in the deficient and normal-range AA groups. In 12 A A-deficient
patients, after 1 month of taking AA supplements (200 mg/day), serum AA levels rose to 79.9 uM, while
serum TBARS level declined when compared with levels before supplementation.

In conclusion, the frequency of AA deficiency in dialysis patients is extremely high. AA deficiency in
HD patients may result in high TBARS levels, which reflect increased oxidative stress. Adequate AA
supplementation should therefore be considered in such patients.
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1. AA BE U ASC RBIEMDAIE

HI%E F5E: 13 Kishida & O J53E 12t > THIE L7z, VC
ThsdAAFRT AT NVE V) ICIFRITE T A a Ve VB
(ASC) 7217 Tld 7z <, ASC 1k & 17z dehydroascorbic
acid(DHA), DHA 28 & & 12 Ik 43 f# & 7z 2, 3-dike-
togulonate (DKG) 28 & ¥ 11 5, DHA B X ' DKG %
dinitrophenylhydrazine (DNPH) & & Jiz L, 2, 4-dinitro-
phenylhydrazone (osazone) & 7% %, Z O % w2462
M5 E R 1L 6f F§ HPLC 3 T AA (ASC+DHA +DKG),
DHA+DKG ¥ & U DKG [ % osazone & L CHIE L
fFonffik b ASC B L (' DHA ) % H i L 7z (Fig.
1), osazone X 1.0 uM LA EDIEE THRESHIEETH - 72,

BRIMx, HD EF DWW TEENANCITY, ZD5 5
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WRE 2 AL T HD BE 0 5 5HIE L 272 70
Hiz B v T, 1AL I8 & (thiobarbituric reactive sub-
stances : TBARS), AGE T & % carboxymethyllysine
(CML) (EIA #:), 8-epi prostaglandine F,,(8-Isopros-
tane) (EIA %) 2 AA OHIE LR CY > 7V THIE L 720

Table 1. Clinical profiles of the patients

Healthy control Chronic renal Hemodialysis
(©) failure (CRF) (HD)

Number of patients 48 23 131
Sex(male/female) 16/32 10/13 55/76
Age (years) 55.6%19.1 66.0+12.0 61.9+11.3
Duration of hemodialysis (months) 107.9£79.9
Complication of diabetes mellitus(n) 0 4 36
Supplementation of vitamin C(n) 0 0 9*
Serum creatinine (mg/d/) 0.6+0.2 4.3*+1.6 10.4+3.0
Hematocrit (%) 39.2+5.2 28.9*+4.6 32.0*+2.9
Serum albumin(g/d/) 4.3+0.3 3.9%+0.4 4.0%+0.3

* Supplementation of vitamin C 600~ 1,200 mg/day



428 MEEHTEE QM7 2 2V E VIRRES L U7 2 2)vE VR EY OGS

OH OH

Ascorbic Acid
(ASC)

?HZOH

HD@‘O*H ’ o — :FHOH ?I:-Io
K=

Dehydroascorbic Acid 2, 3-Diketogulonate
(DHA)

(DKG)

Sample
{ 1% SnCk/20% HPO3
Sup.

Sample

¢ 1 % SnCk /20 % HPO3
Sup.

} 2, 6-Dichroloindophenol

4 0.1% DTT
4 1 % SnCh/20% HPO3
Sup.

L —

4 2 % DNPH / 9N H2804
{ CH3COOC:2H»

Org.

4 evaporation
{ CHaCN

HPLC
Fig. 1.
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Metabolites and measurements of ascorbic acid

AA DR L D HE X, AA OIMHIEEEIZH 80 M X
DEFLIZS WZEnS, SO0M P EE2EMEFEE L, &
DD 20~80 uM ZIEHREL L7z,

CHEDAARE X, EKMEEELIBI88%), EHEEN
3941 (81.2%), EfE#EAY 041(0 %) TH -7z (Fig. 2(a)),

HD T, VCZ2IRALTwZRWI22H0 5 b, {EiEEE
2376 4 (62.3%) (5 & 10 uM K fii D B R Z 5 51 4
(41.8%), 10~20 uM DWEAERY R ZFED 25 4511(20.5 %) ),
IEHERED 27 B11(22.1 %), = AERELY 19 1(15.6 %) TH -7z
(Fig.2(b))o =8B, VC ZHNIRL Tvx7z» 122 fd 29 4
WEY IV E(VE)ZIRFAL Tw/ss, VEZRAL Tw
BWEELEEN, AAREBICEBAON R PoT, F2,
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M 8B (348 %), 80 uM LU D EEREEN 2 41 (8.7 %) T HD
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12422 %) M s iz,
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AA EEBETIX 22433 uM(AA D 3.6+52%), AA Bl
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Fig.2. Distribution of serum total ascorbic acid concen- W, BITREOREREEZERASNED» T,
trations in the healthy controls(a), hemodialysis 3. AAEE rEIRARILNDISIE
patients(b) and chronic renal failure patients (c) AA JERE & BRI L ACAT & 0 BIEME: & Bi3t L 72 58
a 5} < )

HEZBEEIED 5T, AA BETOBIIRO GIKLDO
I & Tl s 2o 72 (Fig. 5) o

Table 2. Serum DHA concentrations in each group according to total ascorbic acid levels

) Healthy control Chronic renal Hemodialysis
Concentration ©) failure (CRF) (HD)
of AA
n mean = SD n mean = SD n mean = SD
Deficient range 0.1*0.3 uM
9 <1.0uM 13 <1.0uM 76
(AA< 20 M) u " (0.6+2.4%)
Normal range 0.6x1.1 uM [.4£1.5uM [.6x£1.2 uM
39 27
(AA : 20~80 M) (1.2+2.2%) (3.6+4.4 %) (3.3+2.6 %*)
Higher range 0 » I.1£2.5uM 5.3£6.0 uM
(AA >80 uM) (0.3£1.2%) (1.7£1.9%)

—~

) shows the percentage of DHA against AA (DHA : dehydroascorbic acid, AA : total ascorbic acid).
* Significantly higher than the healthy control group with normal AA range (p<0.0005)
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Table 3. Serum DKG concentrations in each group according to the total ascorbic acid levels

] Healthy control Chronic renal Hemodialysis
Concentration ©) failure (CRF) (HD)
of AA
n mean +SD n mean = SD n mean = SD
Deficient range 9 <1.0uM 13 <1.0uM 76 0.03£0.2 uM
(AA< 20 M) M M (0.2+1.6%)
Normal range 0.5 1.1 uM 2.2x3.3 uM
39 <I.0uM 8 27
(AA 1 20~80 uM) u (0.9%1.9%) (3.6%5.2%)
Higher range 0 6.0£2.2 uM 28 35.0%27.2 uM
(AA>80 M) (3.3%£0.4%) (10.1£5.3%)
() shows the percentage of DKG against AA(DKG : 2, 3-diketogulonate).
(a) 900 3.5 -
< 700 -74.2 £ 10.4% (nmol/ml) 3,0
©
g S 6007 2.5
3 5007
E™ 4001 ° 2.0
E 3007 1.5
200+
1001 1.0
0 - 0.5
pre HD post HD ,.
0 <20 20=AA<80 80=
(b) 20_ (n=37) n=15) (n=18)
:g_ -84.0 + 27.9 % otal AA (M)
144
<~
12 b s.
=
ig 1o (b) =
£~ 85
j- 6
b 4 -
2
0 B
pre HD post HD
(©) 60 , 1
50 1 -78.8 + 11.8% © 20
(n=37) n=15) (n=18)
O~ 40 7
E S total AA (M)
3 30
g~ 8-Isoprostane
g 207 (c)  (pa/mh 50
“ 10 40 A
0 pre HD post HD 30 1

Fig.3. Changes of concentrations of serum

total ascorbic acid(a), serum DHA (b) and 20 / //%/ |
::::n DKG (c) af(te)r hemodialysis( Zreat- 12 ] // %

. . 20 20=AA<80 80=
Open dots represent data from patients taking sup- (n<= 37) (n= 15<) (n=18)
plementation of VC and closed dots represent data total AA (M)

from patients not taking supplementation of VC. Fig. 4. Relevance of serum total ascorbic acid and

TBARS (a), CML(b) and 8-Isoprostane (c)
TBARS : thiobarbituric reactive substances, CML : car-
boxymethyllysine, 8-lsoprostane : epi prostaglandine
Faa
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Fig.5. Relevance of serum total ascorbic
acid and ACAI
ACAI : aortic calcification area index
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T8 uM M S5 1 4 H# 79.9422.6 uM ~ & 2B e BN
DD S 7z (Fig. 6(a)), DHA REIF VC #54 1.9+2.
1 uM(AA 0 2.64+3.3%), DKG JFF 1 VC 57 1.8+1.
5uM(AA D 21+1.7%) Th-z,
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BHEBICET LM (Fig. 6(b)), CML, 8-Isoprostane |
ZAbBRE dp o 1z (Fig. 6(c), (d)),
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Tk, bbbz HPLC JRI2H~N, AA JEEF I35 3
EOMENREND EHRE SN TS,
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5, BEEE EORERFNAONDL EENT VS, &
B, AA JREMEMEOREG T S 2 2 BIMEER X A S h

total AA 120

() (M) p < 0.0001

1007

80 ]

60 1

40 7]

20 T

0 before after
(b) TBARS 3.0 p< 00T

( nmol/ml) 2.5 1
2.0- %\}
1.5 7
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0.5 ]
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CML 30 s,
©)  (ml/mi)
25 1

20 1
15 7
10 1
5 1
0

before after

@ )
40 T
30
20 |
10 ]
0

before after
Concentrations of serum total ascorbic

TBARS (b), CML(c) and 8-Iso-
prostane (d) before and after taking supple-

Fig. 6.
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Hr U7, VC 200mg/H% 1 7 AL T2 £, AA#
FEZIEH BRRA &I o & h, @RI E
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HPLC #:CHIE L7z & 25, VCRZNEHEICHED 5
N, EEEREZ I AA T 5 DHA O E&5 ER
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