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In creased blood glucose in diabetes mellitus stimulates nonenzymatic glycosylation of several proteins, including 
haemoglobin. Although iron is ti ghtly bound to haemoglobin, it is liberated under specific circumstances yielding free 
reacti ve iron . Studies with purified haemoglobin from nomlal individuals and diabetic patients revealed that concentration of 
free iron was significantly higher in the latter cases and increased progressively with extent of the disease. In vitro 
glycosylation of haemoglobin also led to increase in release of iron from protein . This increase in free iron, acting as a 
Fenton reagent, might produce free radica ls, which, in tum might be causing ox idative stress in diabetes. 

Diabetes mellitus is a syndrome characterised by chronic 
hyperg lycemia and disturbance of carbohydrate, fat and 
protein metabolism assoc iated with absolute or relative 
deficiencies in insulin secretion and/or insulin action. Free 
radicals and associated stress have been implicated in 
eliciting patholog ical changes of diabetes I . However, the 
possible source of free radicals under such clinica l disorder 
is yet to be understood. 

In nOImog lycemic subjects, a small proportion of 
haemoglobin is attached' to carbohydrate moieti es, thus, 
creating glycosy lated or glycated haemoglobin2

. In diabetes 
mellitus, proportion of glycosylated haemoglob in increases 
substantiall i . Amount of glycosylated haemoglobin 
reflects the extent as well as management of d iabetic 
condition4

. 

Ferrous iron with six coord ination states is bound in 
heme pocket of haemoglobin. Under specific 
circumstances, iron can be liberated from the heme and 
ligated to another moiety, probably distal histidine i.n heme 
pocket5 This iron has been termed as mobile reactive iron6

. 

Which can ca talyse Haber-Weiss reaction producing free 
radicals, particularly hydroxyl radi ca ls7

.
8 and, in tum, may 

damage proteins, nucleic acids and lipids9
.
l o

. Cutler
ll 

has 
shown that if desferrioxami.ne, a specific iron chelator 
injected repeated ly to diabetic patients, the status of 
glycosy lated haemoglobin and free radical-associated 
damage (lipid peroxidation and tissue damage) is 
signifi cantly reduc"J. This study suggests that iron may 
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have some role in free radical generation and onset of 
diabetes complications. In thi s report, we have compared 
free reactive iron level between normal and diabetic 
haemoglobin samples. 

Sephadex G-IOO and ferrozine (monosodium salt) were 
purchased from Sigma Chemical Co, USA. Other 
chemica ls were of analytical grade and obtained locally . 
Human b lood samples from healthy volunteers (non
smokers and non drug addicts) and patients with diabetes 
mellitus (from NRS Medical College Hospital , Calcutta) 
were collected in heparinised conditions. 

Haemoglobin was isolated and puri fied from red blood 
cells using Sephadex G- I 00 colunm chromatography l 2 

Concentrations of haemoglobin sto.;:: k so lutions in NaCl 
(0 . is M ) were determined at 4 1S run (E= 12S mM1cm· l

, 

monomer basis using Hitachi U2000 Spectrophotometer). 
Solutions of purified haemoglobin were stored in sealed 

vials at 4°C and were used within two days of preparation. 
Glycosylated haemoglobin leve l was determined from 
whole blood using small ion exchange (B iorex-70) colunms 
purchased from Reddy 's laboratory, Hyderabad. 

Free iron in who le b lood as well as in purified 
haemoglobin so lution was measured according to the 
method of Panter J] Whole blood or haemoglobin solution 

(2S0 ~l ) was taken in Eppendorf tube to which 2S0 ~l of 
ice co ld TCA (20%) was added. The tube was centrifuged 
at SOOO rpm for 10 min to pellet the precipitated protein . 

Supernatant (2S0 ~l) was transferred to a test tube 



NOTES 

Table I- j:stimated values 0 f free iron released from whole 
blood and haemoglobin in nonnal and diabetic individuals 

[Values are mean ± SD. Number of cases has been shown in 

Group 

Control 
Diabetic 
patients 

parenthesis] 
Glycosylated 
haemoglobin 

(%) 

4-7 
8-10 

11-13 
16-21 

Free iron content 
Haemoglobin Whole blood 

(Ilg/g of (Ilg/g of 
haemoglobin) haemoglobin) 

IIS±13(12) 144.7 ±23.2(8) 
i 98±20(S) 204.8± 17.S8(S) 

231 ± 14(S) 246± IS .2(S) 
341 ±38(S) 

Iron release from diabetic patients was significant at I % as 
compared to control (t test) 

containing distilled water (250 I .. d) , iron buffer (2 .5 ml) 
reagent (1.5% hydroxylamine hydrochloride in acetate 
buffer, pH 4.5) and 50 JlI of iron colour reagent (0.85% 
ferrozine in iron buffer reagent) were added to each tube. 
The colour was developed for 30 min at 37"C and read at 
560 run. Results were expressed as microgram of iron per 
gram of haemoglobin. A standard curve was made using 
standard solution of iron in iron buffer reagent. 

Iron in whole blood and also in purified haemoglobin 
solutions from nonnal individuals and diabetic patients has 
been determined and shown in Table I . Individual having 
4-7% glycosylated haemoglobin represented control group. 
Compared to control group, iron release in whole blood and 
also in purified haemoglobin was found to be significantly 
higher in diabetes . 

In vitro glycosylation of haemoglobin was done 
according to the method of Cohen and Wu 14. In this 
method, isolated haemoglobin (5 mg) was incubated in 
phosphate buffer saline (PH 7.4) containing different 
amount of glucose (final volume 1 rnI). Haemoglobin and 
glucose solutions were filtered under sterile conditions 
before incubation. The samples were incubated in 
stoppered glass vials for 5 days at 25°C. After incubation, 
the amount of free glucose left in the samples was 
estimated by glucose oxidase method l5

, from which the 
amount of glucose consumed was determined. Extent of 
glycosylation in haemoglobin was estimated from the 

.. amount of glucose consumed. Initially, the isolated 
haemoglobin was glycosylated (5%). Incubation with 
glucose caused further glycosylation. Extent of 
glycosylation was found to increase with the amount of 
glucose incubated (Table 2). After incubation, iron was 
estimated from these haemoglobin solutions. Amount of 
iron release from haemoglobin was positively correlated 
with the extent of in vitro glycosy lation. 

From these findings (Tables 1, 2), it is evident that 
glycosylation of haemoglobin led to iron release and was 
significant in diabetes mellitus which exhibited increase in 
the level of glycosylation of protein. One 
pathophysiologica l state that can result from increased 

Table 2-Amount of free iron release from haemoglobin after 
in vitro glycosylation. 

[Val ues are mean of3 sets of experiments] 

Conc.of Glucose Total" Free iron 
glucose mg/lOO ml) glycosylation (Ilg/g of hae-

(mg/ IOO ml) (%) moglobin) 

0 0 S.O 120 
90 14.7 7.89 170 
180 39.1 12.80 21S 
270 46.4 14.20 230 

"Totai glycQsylation = Initial glycosylation (S%) + in vitro 
glycosylation. 

concentration of free iron is bacterial infection 16. Such 
pathophysiological change is often encountered in diabetes 
and may be correlated with increase in iron release from 
haemoglobin. High concentration of free iron may be 
related to its ability to catlllyse free radical reactions. Iron, 

. F d f d ' I 61718 actmg as a enton reagent, pro uces ree ra Ica s ' . . , 
which can cause considerable damage to cellular 
constituents6.9. 10.19 In the case of diabetes mellitus, 

generation of free radicals and associated oxidative stress 
has been reported 1.20-22 . However, direct evidence for their 
accumulation is lacking. Desferrioxamine has been 
reported to lower the level of fasting glucose, glycosylated 
haemoglobin as well as free radical-associated pathology in 
diabetes patients " . Present study suggested that increase in 
iron release from haemoglobin contributed via free-radical 
generation to the development of pathophysiological state 
in diabetes mell itus . However, further studies are necessary 
to understand the mechanism of increase in iron release 
from glycosylated haemoglobin and its possible 
consequences. 

Financial assistance from UGC (DRS), New Delhi to the 
author is thankfully acknowledged. We are grateful to 
Professor U Chaudhuri for helpful discussion. 

References 
I Kahler W, Kuklinski B, Ruhlmann C & Plotz C, Z Gesame 

Inn Med, 48 (1 993) 223 . 

2 Bunn H F, Haney D N & Gabbay K H, Biochem Biophys Res 
Commun , 67 (197S) 103 . 

3 Garlic R L, Mazer J S, Higgins P J & Bunn H F, J Clin 
Invest, 71 (1983) 1062. 

4 Cooppan R, in Joslin 's diabetes mellitus, edited by C R Kahn 
and G C Weir (Waverl y international, Indian Edition) 1996, 
397. 

S Dickerson R E & Geis J, Hemoglobin-Structure, f unction, 
evolution and pathology (Benjamin/Cummins, Menlo Park) 
1983. 

6 Hall iwell B & Gutteridge J M C, Free-radicals in biology 
and medicine (Oxford University Press, Oxford and New 
York) 1989. 

7 Puppo A & Halliwell B. Biochem J, 249 (1988) 18S . 
8 Gutteridge J M C & Smith A, Biochem J , 2S6 (1988) 86 J . 

9 Braugh ler M, Duncan L A & Chase R L, J Bioi Chern, 261 
(1986) 10282. 



192 INDIAN J. EXP. BIOL., FEBRUARY 1999 

10 Minotti G & Aust S D,J Bioi Chem, 262 (1987) 1098. 
II Cutler P, Diabetes, 38 ( 1989) 1207. 
12 Bhattacharyya M, Chaudhuri U & Poddar R K, lTit J Bioi 

Macromol, 12 (1990) 297. 

13 Panter S, in Methods in enzymology, Vol 231, edited by J 
Everse, K D Vandegriff and R M Winslow (Academic Press, 
New York) 1994,502. 

·14 Cohen M P & Wu V, in Methods of enzymology, Vol 231 , 
edited by J Everse, .K D Vandegriff and R M Winslow 
(Academic Press, New York) 1994,75. 

15 Trinder P, Ann Clin Biochem, 6 (1969) 24. 

16 Kluger M J & Bullen J J, in Iron alld infection, edited by J J 
Bullen and E Giffiths (Wiley, New York) 1987,243. 

17 Ryan T P & Aust S D, CRC Crit Rev Toxicol, 22 (1992) / 19. 
18 Halliwell B & Gutteridge J M C, in Methods in enzymology, 

Vol 186, edited by L Packer and A N Glazer (Academic 
Press, New York) 1990, I. 

19 Dunford H B, Free Radicals Bioi Med, 3 (1987) 405. 
20 Ceriollo A, Quatraro A & Ginglino D, Diabet Med, 9 (1992) 

297. 
21 Uchigata Y, Yamamoto H, Kawamura A & Okamoto H, J 

Bioi Chem, 257 (1982) 6084. 
22 Okamoto H, Bioassay, 2 (1985) 15 . 


