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ABSTRACT

The uptake of dehydroascorbate (DHA) was studied in 

both diabetic and non-diabetic polymorphonuclear leucocytes 

(PMN). The mean uptake of DHA was found to be lower in the 

diabetic than non-diabetic group. The uptake of DHA was

also lower when PMN were incubated in a final concentration 

of 3 mg/ml glucose instead of 1 mg/ml glucose. There appears 

to be an inverse relationship between glucose concentration 

and DHA uptake in PMN; that is, when glucose levels are 

increased, DHA uptake is decreased. This may cause the accumu 

lation of DHA in diabetic plasma and contribute to the compli

cations of diabetes.
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INTRODUCTION

Dehydroascorbate (DHA) oxidized vitamin C has been found 

to accumulate in diabetic plasma (1). DHA or its derivatives, 

semidehydroascorbate, free radical, may injure beta cells 

and/or vascular pericytes or endothelial cells. This could 

lead to an explanation of the long term complications of 

diabetes, such as vascular disease.

This paper is concerned with discovering a reason why 

there are abnormal accumulations of DHA in diabetic plasma. 

Studies were done to see if the uptake of DHA in human leuco

cytes is impaired. This decreased uptake of DHA could then 

give a possible explanation of why there are abnormal elevations 
of DHA in diabetic plasma.
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CURRENT LITERATURE REVIEW

Dehydroascorbic acid is the reversibly oxidized form 

of L-ascorbic acid. Both forms are physiologically active in 

preventing scurvy and both are found in plant and animal tis

sues. L-ascorbic acid, which is the reduced form, normally 

comprises 90% of the total ascorbate in tissues and extra

cellular fluids (2).

Dehydroascorbic acid is unstable and is constantly being 

produced. It is produced in tissues through non-enzymatic 

reactions of ascorbate with endogenous oxidants such as 

and superoxide radical (2). It is also continually disappearing, 

either from reduction back to ascorbic acid or catabolism

through diketogulonic acid to oxalic acid (3). This is then 

released in the urine. However, intermediate steps in ascorbate 

metabolism are poorly defined in animals and not at all in

humans.

Dehydroascorbic acid is also a moderately reactive molecule, 

oxidizing glutathione and -SH groups on other molecules (4). In 

solution, mixtures of ascorbate and dehydroascorbate are in 

equilibrium with semidehydroascorbate free radical. This free 

radical readily oxidizes -SH groups and is believed to promote 

lipid peroxidation (5). It is a relatively stable radical and 

reacts with another semidehydroascorbate radical to form mole

cules of ascorbate and DHA. Therefore, it may initiate
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denaturation of unsaturated lipids or -SH groups. Semi

dehydroascorbate free radical may be responsible for low

grade but cumulative cellular injury. This is consistent

with the gradual progression of diabetic angiopathy.

Although dehydroascorbic acid behaves essentially like 

ascorbic acid in protection from or curing scurvy, it accumulates 

in the blodd and tissues of scorbutic guinea pigs (6). The 

reduction of ascorbic acid to dehydroascorbic is commonly 
associated with glutathione as the H+ donor. Glutathione 

content is diminished in the tissues of the scorbutic guinea 

pig along with the appearance of DHA and decrease in the total 

ascorbate. There is also abnormal carbohydrate, lipid and pro

tein metabolism as well as a derangement in insulin production 

in scorbutic guinea pigs (2). Glutathione not only keeps ascorbic 

acid in the reduced condition but also protects the sulfhydryl 

enzymes from oxidation; these enzymes are necessary for the 

synthesis of insulin (2). Decreased glutathione content might 

be responsible for the increased DHA in the tissues of scorbutic 

animals, along with decreased insulin production.

Results obtained by Horning and his associates indicate 

that ascorbic acid and not dehydroascorbic acid is the preferred 

form of transport of the vitamin in the pituitary and adrenal 

glands, lungs, liver, kidneys, bone, skin, and nasal mucosa 

(7). Conversely, dehydroascorbic acid and not ascorbic acid is 

the preferred form of uptake by neutrophils, erythrocytes, and 

lymphocytes (6). Other tissues have little capacity for the 

uptake of DHA.
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The rate of DHA uptake and reduction differs for each 

type of blood cell. For example, the rate of uptake and 

reduction in the red blood cell is about one-half, and in 

lymphocytes is about one-tenth that of polymorphonuclear 

leucocytes (8). In erythrocytes, DHA is enzymatically reduced 

to ascorbate by the reduced glutathione dependent dehydroascorbic 

acid-reducing enzyme (9). Blood cells depleted of ascorbic acid 

won't transfer DHA. In the leucocytes, DHA is reduced to 

ascorbate through the coupled oxidation of NADPH (10). It has 

also been reported that the uptake of ascorbic acid by various 

tissues requires energy and is done by active transport (9)..

On the contrary, uptake of DHA occurs by facilitated diffusion, 

possibly by utilizing the glucose transport mechanism.

Dehydroascorbic acid has a chemical structure closely 

related to that of alloxan (Fig. 2). When rats are injected 

with large doses of DHA, it causes degranulation of pancreatic 

beta cells, along with insulin-sensitive hyperglycemia (5).

Guinea pigs fed a diet high in ascorbate and high in carbohydrate 

for 12 days showed a 15- to 100-fold increase in the concen

tration of DHA in the blood, liver, and urine (1). This was 

accompanied by beta cell degranulation and hyperglycemia. 

Hyperglycemia was proportional to blood DHA concentration, but 

not to ascorbate concentration. When this diet was fortified

with protein, blood ascorbate rose, but neither DHA nor blood 

sugar became abnormal (1). Animals fed a diet high in ascorbate

but normal in carbohydrate and subjected to exhaustive physical
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stress or injected with ACTH developed high blood DHA followed 

by hyperglycemia (1).

Humans fed large doses of ascorbate with high carbohydrate 

diet also developed high blood DHA levels (1). One-third of

these normal volunteers manifested moderate elevations over

control values in 2 hours postprandial blood sugars. Chatterjee 

also has found that diabetic blood DHA levels (1.0-25 mg/dl) 

are uniformly higher than normal (.01-.05 mg/dl). This increase 

in blood DHA reflects plasma, not cellular, DHA accumulation.

Certain biflavenoids such as rutin from buckwheat prevent 

the oxidation of ascorbic acid to dehydroascorbic acid. They 

have been reported to protect against retinal hemorrhage and 

various disorders of the capillary endothelium, when given in 

combination with ascorbic acid (11). Since one of the earliest 

detectable changes in diabetes mellitus is damage to the vas

cular epithelium, it is possible to understand why these biflave 

noids may have a beneficial action on the capillary endothelium 

which is damaged by DHA.
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MATERIALS AND METHODS

Subjects

The subjects for this experiment were 12 insulin dependent 

diabetic patients at the University of Oregon Medical School. 

Four non-diabetics were also used as controls. Experiments 

were run in 4 different trials with 3 diabetics and 1 control

in each trial.

Preparation of PMN

Approximately 15 ml of venous blood was drawn from the 

patients in a heparinized syringe. A small sample was also 

taken and used to determine the glucose concentration. The 

heparinized venous blood was then allowed to sediment with 6% 

dextran (2 ml to 10 ml of blood) for 60 minutes in a 30 ml 

syringe. This caused sedimentation of most of the red blood 

cells. The remaining plasma was drawn off in the supernatant. 

The supernatant was centrifuged at 1000 rpm for 10 minutes.

The supernatant formed after centrifugation was discarded. The 

pellet was then suspended for 7 minutes in 10 ml of 0.87% NH^Cl 

and then washed twice with 0.87% NH^Cl. This caused lysis of 

the remaining erythrocytes. The remaining cells were washed 

twice with a solution of Krebs-Ringer-Phosphate (KRP) 100 pts 

saline, 20 pts phosphate buffer pH 7.4, 4 pts KCl, 1 pt MgSO^) 

with 1.0 mg/ml glucose. The remaining cells after this procedure
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were PMN. These cells were resuspended in 1 ml KRP with 1.0

mg/ml glucose and put on ice. The cells were then counted on 
7a hemocytometer and the cell count adjusted to 5 x 10 cells/ml.

Preparation of DHA

DHA was prepared from L-ascorbic acid, sodium salt (Sigma 

Chemical Company, St. Louis, Missouri) by the following proce

dure. A solution of 6.65 mg (11.36 nmoles) of Na ascorbate is

dissolved in 22 ml of saline; 2.2 ml of this solution is 
14pipetted into a test tube previously labeled with C. The 

ascorbate is oxidized to DHA by adding Br2 gas for a period 

longer than 90 seconds but less than 2 minutes. Nitrogen gas 

is bubbled through the solution for 5 minutes. This solution

is then mixed well on a vortex.

Preparation of Cell Suspensions for Counting

Two different cell suspensions were prepared in the follow

ing way: 0.1 ml of the cell suspension at a concentration of
7 145 x 10 cells/ml is mixed with 0.1 ml of the C labeled DHA 

and 0.1 ml of KRP with 2 mg/ml glucose. A second cell suspension 

is prepared but instead of 2 mg/ml glucose in 0.1 ml of KRP, a 

concentration of 8 mg/ml of glucose is used. This gives final 

glucose concentrations of 1 mg/ml and 3 mg/ml, respectively.

The cell suspensions are incubated in a water bath for 20 
minutes at 37°C. A 20 71I sample is taken at the start of incu

bation and is placed in a scintillation vial; 0.38 ml of saline 

is added for volume. This sample was used to determine the 

counts per minute for 1 nmole of DHA.
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After 20 minutes of incubation, the cells are flooded

with 2-4 ml of cold saline and washed 3 times in 2 ml of cold

saline. The cells are now resuspended in 0.45 ml of saline 

and counted on a hemocytometer. A 0.4 ml sample of the cell 

suspension is collected and placed in a scintillation vial with 

10 ml of aquasol. The samples were taken to a scintillation 

counter and radioactivity was determined in counts per minute. 

The amount of DHA is then calculated in nanomoles of DHA for 
108 cells.
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TABLE 1
DHA Uptake (PMN) nmoles/108 cells/20'

Control - DHA Uptake DHA Uptake Cone, of Plasma
Diabetic +1 mg/ml glucose 3 mg/ml glucose Glucose mg/dl

+ 268 183 228
+ 267 258 234
+ 340 264 200
- 376 321 90
+ 240 126 310
+ 390 342 180
+ 252 199 267
- 500 374 80
+ 303 237 203
+ 422 365 150
+ 252 150 260
- 370 231 93
+ 483 358 75
+ 250 178 230
+ 296 236 210
— 327 214 105
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TABLE 2

8Standard Deviation and Mean for DHA Uptake nmoles/10 cells/20* 1

Standard deviation

Mean

Control Diabetic Diabetic
1 mg/ml glucose 1 mg/ml glucose 3 mg/ml glucos

83 79 80

393 313 241
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FIGURE 1
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FIGURE 2

Structures of L-Ascorbic Acid, DHA, D-Glucose, Alloxan
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FIGURE 3
8DHA Uptake nmoles/10 cells/201 
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RESULTS AND OBSERVATIONS

The mean DHA uptake for the non-diabetic control group 
o

was 393 nmoles/10 cells/20' (Table 2); this is considerably
g

higher than the diabetic group with a mean of 313 nmoles/10 

cells/20'. The diabetics had higher glucose concentrations 

as was expected. A coefficient of correlation of -.55 was 

calculated to show the relationship between plasma glucose 

concentrations and uptake of DHA by PMN. This indicates an 

inverse relationship between plasma glucose concentration and 

the uptake of DHA. That is, when the concentration of glucose 

is increased in the blood, DHA uptake is decreased.

When blood glucose concentrations are increased in vitro, 

DHA uptake is also decreased. In every subject the DHA uptake 

was lower in the 3 mg/ml final concentration of glucose than 

the 1 mg/ml final concentration of glucose.

These results indicate that glucose inhibits the uptake 

of DHA. This occurs when the concentration of glucose is 

altered in vivo or in vitro. For more accurate results and a 

higher coefficient of correlation, a larger population would

have to be tested.
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DISCUSSION

The manner in which glucose inhibits the transfer of DHA 

into PMN leucocytes is not known. Mann has proposed a competi

tive inhibition between glucose and DHA crossing the erythrocyte 

membrane (9) . These results indicate glucose may have a 

similar effect on DHA uptake in PMN leucocytes. This could 

be due to the similarity in structure between glucose and DHA 

(see Figure 2). Both of these structures may compete for the 

same enzyme or carrier protein necessary for transportation 

into the cell. When the concentration of glucose is elevated 

in diabetics, this may inhibit the transfer of DHA into the

cells.

The decreased uptake of DHA in the PMN leucocytes of 

diabetics gives a possible reason why there are higher levels 

of DHA in the plasma of diabetics. If DHA cannot enter the 

blood cells, then it will accumulate in the plasma. Since DHA 

in higher concentrations can damage the cells of vascular endo

thelium, increased levels of DHA in the plasma of diabetics 

may be responsible for many of the pathological consequences 

in diabetics. Among these are injuries to blood vessels which 

contributes to vascular disease, diabetic retinopathy and 

nephropathy. Another possible cause of these complications 

is the increased levels of blood glucose in diabetics.
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The clinical control the diabetic is under also seems 

important. In the diabetic where the blood sugar was 75 mg/dl 

the DHA uptake was in the range of the non-diabetics. However, 

the poorly controlled diabetics with hyperglycemia had reduced 

DHA uptake. This reduced uptake could lead to accumulations 

in the plasma and contribute to the many complications of

uncontrolled diabetes mellitus.

Further research can be done to determine the effect of

longer periods of incubation on DHA uptake. The length of 

time DHA uptake is inhibited in diabetics could also be

determined.
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