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Abstract
Vitamin C, a water soluble antioxidant, can react with amino groups of proteins to form schiff bases.
As diabetes leads to glycation of various proteins which has effect on structure and biochemical
activity of them , the inhibition of this process seems very vital. For several years researches in this
field have done their best to recognize the antidiabetics compounds. The aim of this study is to
determine the effects of vitamin C on albumin glycation in vitro. So in the presence of various
concentration of vitamin C, albumin was glycated and evaluated using TBA method. The results
showed that vitamin C significantly (P<0.05) inhibit or decrease the reaction of albumin glycation. The
findings of this research showed that vitamin C probably inhibit the reaction of glycation and decrease
complications occurring in diabetes.
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Introduction
Reducing sugars react non-enzymatically
with proteins or nucleic acids to initiate
post-translational modification known as
non-enzymatic glycation (NEG). This
rection is one of the major complications
of diabetes mellitus. The early stage of the
non-enzymatic glycation of proteins leads
to the formation of early glycation
products (1). In this rection, sugars
condense with amino groups of
macromolecules to form an adduct known
as Amadori product (2). These compounds
are collectively called advanced glycation
end-products (AGEs). Studies in past
several years have implicated advanced
glycation reaction in protein aging and the
development micro and macrovascular
complications, cataract and hepatocytes
injury in diabetes (3-5). Early glycation
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products are known to occur in many
proteins including hemoglobin (6),
albumin (7) and lipoproteins (8). Both
NEG and AGEs have been shown to be
accumulated in various types of human
tissues with long half-lives, such as
collagen (9) and lens crystalline (10).
Vitamin C (ascorbic acid) is an
antioxidant soluble in water which keeps
most of metal cofactors in reduction
status. In physiological conditions its
appear in the form of dehydroascorbic
acid and can react with amino groups and
form schiff bases. Its further oxidation
product , called diketogulonic acid shows
the same reaction (11). Several studies
have shown that vitamin C affects on
glycation of proteins; Akhilender showed
that all forms of vitamin C can cause
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the elution was begun at a flow rate of 0.4
mL/min. The fraction was monitored at
280 nm in a spectrophotometer.

decrease in the process of glycation of
various proteins such as collagen (12).
Also, Davie et al (13) and Oian et al (14)
reported that oral vitamin C inhibited the
glycosylation of proteins.
It seems that due to structural similarity to
glucose, ascorbic acid can be replaced
with glucose and affects on glycation of
proteins. Regarding to importance of
vitamin C on metabolism of different
biomolecules such as proteins, it seems
that the study of the effect of this
substance on the process of different
reactions of these molecules including
glycation should be deeply taken into
consideration. In this research the effects
of different concentration of vitamin C on
in vitro albumin glycation have been
studied.

Measuring the level of albumin glycation
For approving the albumin glycation TBA
test was used (16). 1 mL 20% TCA was
added to above solution and then
centrifugated for 10 min at 300 rpm. The
supernatant was discarded. This function
was done twice. 1 mL phosphate buffer
with above specification and 0.5 mL 0.3 N
oxalic acid were added to the sediment
and put in boiling conditions in water
bath. After the compound got cold in lab
temperature 0.5 mL 40% TCA was added
to each sample. After centrifugating for 10
min at 3000 rpm, the supernatant was
separated and 0.5 mL 5% M TBA was
added to 1 mL of supernatant solution and
then the whole was set in 40 °C water bath
for 30 min. At the end, the absorbance of
the sample was measured in 443 nm. The
colorimetric method with TBA is based on
the hydrolysis of the glycated proteins
using oxalic acid at 100°C yielding 5hydroxymethyl furfural (5-HMF) which
react with TBA. 5-HMF was used as
standard and glycation of albumin was
calculated and expressed as µmol HMF
per mg protein.

Materials and methods
Ascorbic acid and all other chemicals
have been prepared from Merck
(Germany) and Sigma company (USA).
Test method preparation and characterization of glycated albumin
The glycated albumin was prepared
according to the method of Monnier et al
(15), with minor modification. Briefly,
0.15 g/mL of bovine serum albumin was
dissolved with 0.1 M D-glucose in 0.3 M
sodium phosphate buffer (pH=7.4). This
solution was then sterilized by Millipore
filtration (pore size: 0.45μm) and
incubated at 37°C for 72h in room
temperature
in
constant
position
Unmodified bovine serum albumin (BSA)
was prepared by incubation in 0.3 M
sodium phosphate buffer without any Dglucose for 72h. The samples were
dialyzed against excess 0.01 M PBS
(pH=7.4) to remove free glucose, and then
applied to an endotoxin-absorption
column (Pyrosep, Daicel Chemical,
Japan). The column was equilibrated with
0.01 M PBS. 5 mg/mL of the samples
were applied onto the column, and then

Preparing the stock solution of vitamin C
vitamin C solution was prepared as
1 mol/L concentration in bidistilled water
and used as stock solution.

Determining the effect of ascorbic acid on
albumin glycation
Competitive studies between the effects of
vitamin C on glycated albumin were
performed (5). After incubation of
glycated albumin with the various
concentration of vitamin C (0.1, 1 and 10
μmol/L) at 37°C for 72h, TBA method
was done. All of the experiment stages
and each concentrations of ascorbic acid
were done as triplicate and for getting
acceptable result the test was repeated.
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Results

glucose (p<0.05). The results showed that
vitamin C had potential inhibitory effect
on albumin glycation. So that the
following concentrations 0.1, 1 and 10
µmol/L had the inhibitory effects of
86.5%, 81.4% and 71.7% respectively
(Table 2). The interaction of the different
concentrations of vitamin C on inhibiting
albumin glycation reaction showed that
comparing concentrations of vitamin C in
pairs would reveal each pair (0.1, 1 and
10 µmol/L) had statistically significant
difference (Table 3).

In this research the effects of the various
concentrations of ascorbic acid on
albumin glycation were studied.
Various concentrations of ascorbic acid
(0.1, 1 and 10 µmol/L) were used in the
test and using TBA method the level of
albumin glycation was determined. The
level of glycation of albumin was
measured and the results are summarized
in Table 1. As this table shows the
albumin was glycated in the presence of
glucose and the level of glycation
was dependent on time of exposure with

Table 1: Glycation of albumin (μmol HMF/mg protein) in presence of 100 mM glucose and in different
incubation time at 37°C
Time of incubation
Glucose

0(control) 100

24 h
5.02±0.46
31.13± 1.77*

48 h
21.9± 1.88
53.23± 2.37*

72 h
23.29± 1.92
123.25± 7.8*

The data are mean±SD of three separate triplicate experiments.
*
p<0.05 compared to the relevant control

Table 2: Comparing the effect of vitamin C on inhibiting albumin glycation reaction in terms of different
concentrations*
Level of inhibiting
Vitamin C
Standard error of
albumin glycation
F value
P value*
concentration
mean
(mean±SD)
10 µmol/L
2.79
86.55±4.84
F= 12.771
P= 0.007
1 µmol/L
2.31
81.40±1.75
(2,6)
Significant
0.1 µmol/L
1.01
71.69±3.68
*

One way analysis of variance

Table 3: Comparison of the different concentrations of Vitamin C in pairson inhibiting albumin glycation
reaction in terms of different concentrations*
difference of
Comparing
Comparing
P value*
concentration (1)
concentration(2)
(mean±SD)
P=0.006
VitaminC(10 µmol/L) VitaminC(1 µmol/L)
-14.85±2.98
Significant
P=0.04
VitaminC(10 µmol/L) VitaminC(0.1µmol/L
-9.7±2.98
Significant
P=0.272
VitaminC(1 µmol/L)
VitaminC(0.1µmol/L
5.14±2.98
Non-Significant
*

Tukey HSD test
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Discussion

In conclusion, this study has shown that
vitamin C reduced the glycation of shortlived proteins such as albumin. Competition
of vitamin C with glucose for reaction with
protein amino groups appears to be the main
explanation for this effect. However, further
work is required to investigate in vivo
reaction of vitamin C with protein amino
groups. We suggest to perform these tests in
vivo in order to specify whether vitamin C
can be used therapeutically to delay or
prevent the chronic complications occurring
in diabetes. These findings showed that
vitamin C inhibited the reaction of albumin
glycation
and
probably
decreased
complications occurring in diabetes.

This study confirmed that vitamin C affects
the glycation of proteins. Vitamin C is a
compound having two ionizable –OH group
(pKa1= 4.25, pKa2= 11.8) that usually
appears in the form of ascorbate anion in
physiologic pH. Because of having carbonyl
groups, it shows strong reaction with amino
groups and consequently strongly reacts
with amino groups of proteins (11). The
mechanism of the effects of vitamin C on
protein glycation is very complex. Some of
the previous observations have shown that
vitamin C can compete with glucose for
binding to proteins and there by inhibit
glycation of them. Also diketogulonic acid
form can react with proteins and form
ketamine (7,17). According to Price, Hunt
and Khatami, vitamin C inhibits protein
glycation less than 80% in different
conditions (18-20). Davie et al showed that
vitamin C could also inhibit hemoglobin
protein glycation (13). Also, Kim et al
showed that glycated albumin induced cell
death in cultured bovine retinal pericytes
and antioxidants such as ascorbic acid
reduced this cytotoxicity (21). We reported
previously that vitamin C at concentrations
of 0.1, 1 and 10 µmol/L had the inhibitory
action on cytotoxic effect of glycated
albumin-metal ion transition system on rat
hepatocytes, and at concentration 10 µmol/L
showed higher effect (22). Regarding the
similarity in concentrations of vitamin C
used in this research with vitamin C
concentration existing in plasma, the
inhibition of plasma albumin glycation
reaction may confirm the probability of
using vitamin C for the treatment of diabetes
mellitus. Since some of the chronic
complications occuring in diabetes are
thought to be due mainly to the further
reactions of glycated proteins, using the
inhibitors could have positive effects in
reducing chronic complication occurring in
diabetes (4,6). The evidence has shown
glycation is also involved in the normal
process of aging (23) so long term vitamin C
supplementation may even slow down this
natural process.

References
1. Pyorala K, Laakso D, Unsitupa M.
Diabetes and arteriosclerosis: an
epidemiologic review. Diabetes Metab.
Rev. 1987; 3: 463-7.
2. Still AW. Advanced glycation: an
important pathological event in diabetic
and related ocular disease. Brit. J.
Ophtalmol. 2001; 85: 746-53.
3. Wendt T, Tanji N, Gou J, Hudson BI.
Glucose,
glycation
and
RAGE:
Implication for amplification of cellular
dysfunction in diabetic nephropathy. J.
Am. Soc. Nephrol. 2003; 14: 1383-95.
4. Sen S, Kar M, Roy A, Chakrobati AS.
Effect of nonenzymatic glycation on
functional properties of hemoglobin.
Biophys. Chem. 2005; 113: 289-98.
5. Sakata N, Meng J, Jimi S, Takebayashi
S.
Nonenzymatic
glycation
and
extractability of collagen in human
atherosclerotic plaques. Atherosclerosis
1995; 116: 63-75.
6. Jeffcoate SL. Diabetes control and
complications: the role of glycated
haemoglobin, 25 years olds. Diabetic
Med. 2004; 21: 657-62.
7. Mc-Farland K, Catalano JF, Thrope SR,
Baynes
JW.
Nonenzymatic
glucosylation of serum proteins in
diabetes mellitus. Diabetes 2005; 28:
1011-4.

16

Inhibitory activity of vitamin C

8. Knott HM, Brown BE, Davies MJ, Dean
RT. Glycation and glycoxidation of lowdensity lipoprotein by glucose and lowmolecular mass aldehydes. Eur. J.
Biochem. 2003; 270: 3572-82.
9. Verziji N, DeGroot J, Thrope SR, Bank
RA. Effect of collagen turnover on the
accumulation of advanced glycation end
products. J. Biol. Chem. 2000; 275:
39027-31.
10. Ahmed N. Advanced glycation end
products: role in pathology of diabetic
complications. Diabetes Res. Clin. Pr.
2005; 67: 13-21.
11. Murry RK, Granner DK, Mayes PA,
Rodwell VW. Harpers Biochemistry
24th ed, 1996; 612-3, Appleton &
Longe , London.
12. Akhilender NK. Vitamin C in human
health and disease is still a mystery? An
overview. Nutr. J. 2003; 2: 7-17.
13. Davie SJ, Gould BJ, Yudkin JS. Effect
of vitamin C on glycosylation of
proteins. Diabetes 1992; 41: 167-73.
14. Oian M, Liu M, Eaton JW. Transition
metals bind to glycated protein forming
redox active glycochelates: implications
for the pathogenesis of certain diabetic
complications. Biochem. Bioph. Res.
Co. 1998; 256: 385-9.
15. Monnier
VM.
Non-enzymatic
glycoslation , the millard reaction and
the aging process. J. Gerontol. BPsychol. 1990; 45: 105-9.
16. Brownlee M, Vlassara H, Cerami A.
Non-enzymatic glycosylation and the

17.
18.

19.

20.

21.

22.

23.

17

pathogenesis of diabetic complications.
Ann. Intern. Med. 1984; 101: 527-37.
Padayatty SJ, Levine M. New insights
into the physiology and pharmacology
of vitamin C. CMAJ 2001; 164: 353-5.
Price DL, Rhett PM, Thorpe SR, Baynes
JW. Chelating activity of advanced
glycation end-product inhibitors. J. Biol.
Chem. 2001; 276: 48967-72.
Hunt JV, Wolff SP. The role of histidine
residues in the nonenzymic covalent
attachment of glucose and ascorbic acid
to protein. Free Radical Res. 1991; 14:
279-87.
Khatami M, Suldan Z, David L, Li W,
Rockey JH. Inhibitory effects of
pyridoxal phosphate, ascorbate and
aminoguanidine
on
nonenzymatic
glycosylation. Life Sci. 1988; 43: 172531.
Kim J, Kim KS, Shinn JW, Oh YS, Kim
HT, Shinn SH. The effect of
antioxidants on glycated albumininduced cytotoxicity in bovine retinal
pericytes. Biochem. Bioph. Res. Co.
2002; 292: 1010-4.
Goodarzi MT, Safari MR, Zal F.
Inhibitory action of vitamin C and
mannitol on induced cytotoxic effect of
glycated protein-metal ion on rat
hepatocytes. Int. J. Pharm. 2006; 2: 2014.
Meli M, Frey J, Perier C. Native protein
glycoxidation and aging. J. Nutr. Health
Aging 2003; 7: 263-6.

