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SUMMARY

Plasma total ascorbate status measured by 2.4 dinitrophenyl hydrazine method
showed that diabetics (N =1(0) had significantly lower plasma total ascorbate compared
with 45 age and sex matched non-diabetic controls; 0.34:tO.16 mg/dl vs O.68:t.06 mg/dl,
P<O.OOI)regardless of presence or absence of retinopathy and irrespective of mode of
treatment. The finding unique to this study was that plasma total ascorbate status in diabetics
with retinopathy (O.19:tO.07mg/dl) was significantly lower than that of uncomplicated
diabetics (0.49:tO.06mg/dl; P<O.OOI).

Plasma Glucose had no correlationwith plasma ascorbate levels and effect of duration
of Diabetes Mellitus (DM) on ascorbate status in diabetics was ambiguous. Diabetics had
abnormally fragile cutaneous capillaries detected by Hess test. The incidence of capillary
fragility was more in patients with retinopathy.

Hess test can be used as an easy and non-invasive test to assess plasma ascorbate
status to detect microvascular involvement in DM. The experience of this study reflects that
the two distinct microvascular lesions in diabetes, i.e. abnormal dermal capillary fragility and
retinopathy may have a common link to ascorbic acid deficiency. An early switching on of
the supplementation of ascorbic acid may retard the development of microvascular
complications in diabetes.

INTRODUCfION

Metabolism of ascorbic acid is deranged in diabetes mellitus (Som, 1984 and
Stankova, 1981). Due to structural similarities hexoses and ascorbic acid (AA) share a
common transport mechanism and they inhibit each other competitively for cellular entrance
(Bigley, 1983; Ingermann, 1988 and Stankova, 1984). Moreover, the number of these
transporters and the rate of transport of AA are found to be diminished in diabetics
(Stankova, 1984).The consequencesof these derangements are reflected in low cellular and
plasma ascorbate concentrations in human diabetics and experimentally induced diabetic
animals in comparison to their normal counterparts (Mc Gill, 1984and Stankova, 1988).
The role of ascorbic acid in collagen synthesis (Smith, 1985 and Kutsky, 1981), its role as a
free radical scavenger (Anderson, 1987 and Blake, 1985) and enhancement of
prostacycIine synthesis have raised a strong postulation that a low cellular and plasma AA
level may be implicated in the pathogenesis of microvascular pathology in diabetes mellitus.
Free radical mechanism have recently been implicated in the development of diabetic
microangiopathy (Jennings 1987;Rikans, 1981 and Yew, 1983).

Owen (1941), found scurvy like condition in diabetes mellitus. It was hypothesised by
Mann (1974), that some sort of local scurvy may be produced in diabetes mellitus. In fact
similarities have been detected between the ultrastructuralcollagen abnormalities(Siperstein,
1968) and scurvy (Gore, 1968) in diabetes mellitus. The present study was designed to find
out plasma total ascorbate (Ascorbic acid+Dehydroascrobic acid) in Bangladeshi normals,
diabetics with retinopathy and diabetics without retinopathy or other microvascular
complications with the intension to search for association between low
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ascorbate status and microangiopathy in diabetes mellitus. The endeavour shall unveil
Vitamin C supplementation as an adjunct to conventional treatment in diabetes mellitus to
stop or control progression of microangiopathy.

MATERIALS AND MElHODS

Fifty diabetic subjecLSwith retinopathy were drawn from different wards and eye out
patient department of Ibrahim Diabetic Centre, Dhaka. Another 50 diabetics, who were
admitted for control of hyperglycaemia,and had no evidence of retinopathy (fundi normal on
fundoscopic examination of dilated eyes) and no typical history or clinical signs of
nephropathy were also selccted for the study. The diabetics included both Insulin dependent
diabetes mellitus (IDDM)and Noninsulindependent diabetes mellitus (NIDDM)and had no
other disease and were not taking drugs other than antidiabetics.

Age and sex matched non-diabetic controls (N=45) included 10 physicians from
Ibrahim Diabetic Centre,S employees from Institute of Nutrition and Food Science and 31
subjecLSfrom two boarding houses at Tikatuly, Dhaka. .

The diabetics and controls were non smokers or gave up the practice 5-8 years ago.
They did not get any supplementationof Vitamin C other than that consumed through food.

The diabetics and normals, included both rural and urban dwellers drawn from
almost all disuicLSof the country.

All subjects consumed vitamin C 30-55 mg. per day through food as calculated by
one week dietary recall. Informed consent was obtained from the subjecLS.

Total ascorbate in plasma was measured by an adaptation of 2,4
dinitrophenylhydrazine method described by Lowery, 1945.

Fasting plasma glucose was estimated with the autoanalyzer PERIDOCHROME (R)
by glucose oxidase method.

RESULTS

The mean age of normals, diabetics with retinopathyand diabetics without complication were
43.77,49.32 and 46.48 yrs. Diabetics with retinopathy had significanlly longer disease
duration (11.3-6.21 yrs.) than the uncomplicated diabetics (3.6:t2.01yr). Plasma total
ascorbate levels (X:tSD) in normals, uncomplicated diabetics and diabetics with retinopathy
were 0.68:tO.06 mg/dl; O. 49:t0.06 mg/dl and 0.19:tO.07 mg/dl respectively (Table I).
When diabetics with and without retinopathyconsidered together, plasma total a..<;corbicacid
levels had a negative correlation with the duration of DM (r = 0.516, P < 0.001.)Fig.I.

When compared individually plasma total ascorbate in patienLSwith retinopathy
correlated positively (r =O. 403, P <0.01), Fig. II and in patienLSwithout retinopathy
negatively (r = 0.421, P<O.OI), Fig. III with the duration of diabetes both to limited
degrees.

The subjecLSwith closely identical disease duration were considered. Plasma total
ascorbate levels were found to have no significantdifference, whether treated with insulin or
oral hypoglycaemic agenLS(Table II, III) in complicatedor uncomplicatedgroup.

No significant correlation was foundbetween fastingplasma glucose and concomitant
plasma total ascorbate, either in diabetics or in normals (Fig. IV,V,VI).
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In this study Hess test positive cases developed innumerable petechiae on the flexor
aspect of the forearm (Fig. VII).

It is shown in Table IV that all the 33 subjects with retinopathy having plasma total
ascorbate range of 0.01-0.19 mg/dl exhibited Hess test positivity. Whereas in the ascorbate
range of 0.20-0.29 mg/dl; 6 out of 8 subjects and in the ascorbate range of 0.30-0.36 mg/dl;
5 out of 9 subjects showed positive Hess test.

Among the uncomplicated diabetics (N=50) plasma ascorbate range 0.35-0.59 mg/dl;
out of 6 subjects having the ascorbate range of 0.35-0.39 mg/dl; 3 showed positive result.

Hess test was negative in the rest 44 uncomplicated diabetics having plasma ascorbate
range of 0040-0.59 mg/dl. Hess test was negative in the normal subjects.

It can be said that plasma total ascorbate level of 0040::::mg/dl was not associated with
abnormal capillary fragility either in diabetics or in normals.

Table I : Age, Disease Duration, Fasting Blood glucose (FBG) and Plasma total
ascorbate levelof normal & diabetic subjects (X:t SD)

Subjects

Age (Yr.)
Durationof
DM (Yr.)
FBG(mmoVl)
Plasma total
ascorbate
(mgldl)

Table II : Comparison of Plasma total Ascorbate levels in diabetics with retinopathy
treated by Insulin (N=10)and oral hypoglycaemic agent,>(N= 10)

Mode of
treatment

Insulin

Oral hypo-
glycaemic
agents (aHA)
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Normal Diabeteswith Diabetes without
N=45 retinopathy complications

N=50 N=50
43.77:tl0.71 49.32:t12.98 46A8:t11.15

11.3:t6.21 3.6:t2.01

4A6:t0.49 1O.24:t3.20 9.62:t1.84
0.68:t0.06 O.19:t0.07 0.49:t0.06
(0.51-0.78) (0.20-0.36) (0.35-0.59)

Age Durationof Plasma total
X:tSD DM (Yr.) ascorbate

X:tSD X:tSD mg/dl

52.2O:t9.39 13A:t2.67 0.20:t0.08

53.l:t9.97 12.9:t3.54 0.29:tO.07



Bangladesh Med. Res. Counc. Bull. Dec. 1989

Table III : Comparison of plasma total ascorbate levels in diabetics without retinopathy
or other microvascular lesions treated by Insulin (N=lO) and oral
hypoglycaemic agents (N=lO).

Mode of
treattnent

Insulin
OHA

Table IV: Showing abnormal dermal capillary fragility as detected by Hess
method in diabetics with Retinopathy (D), Uncomplicated dia~tics(U)
and Normal controls (N) in the context of PTA* concentrations.

Incidence of
abnormal capi-
llary fragility

33 (100%)
6 (75%)
5 (55.55%)
3 (50%)
Nil
Nil

++ Retinopathy+ abnormal Dermalcapillary fragility
+ AbnormalDermalcapillaryfragilityonly

Normal dermal capillary response to Hess test
* PTA =Plasma total ascorbate

Table V : A comparison of Plasma total ascorbate concentrations in Normal and
Diabetic Population as found in different Centers (Mean Values in
mg/dl)

Age(Yr) Durationof PlasmaTotal
XtSD DM (Yr) Ascorbate

X:tSD XtSD m/dl
53.4:t9.87 3.3.:t2.05 0.46:t0.05
50.2:t8.23 3.6:t1.71 0.48:t0.05

Range of PTA Microvascular No. of
mg/l00m1 abnormality subjects

0.10 - 0.19 (D) ++ 33
0.20 - 0.29 (D) ++ 8
0.30 - 0.36 (D) ++ 9
0.35 - 0.39 (U) + 6
0.40 - 0.59 (U) - 44
0.51 - 0.78 (N) - 45

Subjects Non-Diabetic Diabetics Uncomplicated Diabetics
controls with Reti- Diabetics as a

nopathy whole
Bangladesh 0.68 0.19 0.49 0.34
(Present
study)
Calcutta 0.63 No compar- 0.24
(Som, 1981) ison was studied
Birmingham, 1.35 1.22 1.00 1.07
(Newill, 1984)
Leeds 0.96 No comparison 0.66
(Jennigs, 1987) was studied
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SSION
this study, it was found that the diabetic subjects regardless of presence or absence

pathy had significantly low plasma total ascorbate levels compared to age and sex
normal controls (Table 1). This is in agreement with the findings of Newill, 1981
,1984.

Ie experience, which is unique to this study is that the diabetics with retinopathy
ificantly lower plasma ascorbate status in comparison to those who did not have
:cularcomplications. The total ascorbate status in our subjects and Som's subjects
s similarity (Table V). Identical dietary ascorbate consumption (20-40 mg/dl as
by Som and as calculated in the present study was between 30-55 mg/dl) may be
king of traditional Bangladeshi diet rich in carbohydrate and vegetables. A higher
litamin C consumption of the Western population may account for the higher
~status seen in western diabetics and normals in comparison to our population
).
ke most other workers (Jennings, 1987 and Som, 1981) no significant correlation
Idbetween plasma glucose and concomitant plasma ascorbate in this study (Fig.
I.

Ie correlation between duration of DM and ascorbate status was quite ambiguous.
iscorbate levels in the range of 0.1O-0.39mg/dl is believed to indicate a low
al status. When levels fall below 0040mg/dl a person may be considered at risk in
I scurvy(Bauer,1982)and symptomsof scurvyincludingpetechialhaemorrhage
~lopin individuals with values below 0.20 mg/dl (Olson, 1987). With these criteria,
subjects in this study with retinopathy thus had a low Vitamin C nutritional status.
pool size could be varying some where between 300-599 mg. Among the
:hy patients, 66% (33 cases out of 50) had ascorbate range of 0.10-0.19 mg/dl
T),which is a grave deficiency.
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FIG.\\ AelaUonship between age (;rr)and plasma total ascorbate (mg/dl) in diabetics with retinopathy.
(without history of photocoagulQtion).
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An unrememberedpmctice, capillary fmgilitytest seems to be important in the context
of diabetes mellitus, since it informs a clinician about the capillary integrityof the subject. If
it is linked with a simultaneous plasma ascorbate estimation, the measures will be mutually
complementing. Thus an abnormal capillary fmgility will tell in favour of a poor ascorbate
status and microangiopathyin DM and simultaneouslylow blood ascorbate will confirm this
clinical findings.

The current study shows that the diabetics had abnormal dermal capillary fmgility as
detected by Hess method.

Particularly the incidencewas remarkably high in patients with retinopathy.
It was seen that none of the subjects in this study having plasma ascorbate

concentrations> 0.40 mg/dl irrespective of diabetic or nondiabetic exhibited abnormal
capillary fragilityby Hess test. It is to be recalled that a plasma Vitamin C level of 0.40 mg/dl
is considered as the cut off point, below which a person bears the vulnerability of
developing ascorbutic manifestations in stress of any kind (Green, 1983).

The experience of this investigation, suggests that dermal capillary fragility and
diabetic retinopathy, which arc the consequences of the same pathogenetic process can be
explained in the context of Vitamin C deficiency in part.

This investigation shows that capillary fragility test by Hess method may be an easy
non-invassive way to assess the capillary integrity in diabetics and may be applied as a
functional test for assessment of ascorbate status with or without concomitant estimation of
plasma ascorbate (where facilitiesare lacking).

As the Vitamin C consumption was identical in normal and diabetic subjects, this
disparity in plasma ascorbate status is obviously due to abnormal ascorbate metabolism in
DM (Bigley, 1983and Mclennan, 1988).To make out a final impression it can be said that a
poor ascorbate status in diabetics makes them very susceptible to free radical injury (Cary,
1987; Jennings, 1984) because AA is a free radical scavenger (Anderson, 1987 and Black,
1984). Synthesis of collagen and proteoglycan which arc essential for capillary integrity arc
hampered (Smith, 1985; Siperstein, 1968 & Fisher, 1988) and prostacycline synthesis is
inhibited (Salonen, 1988) in ascorbate deficiency. These factors may go hand in hand to
make the capillaries fragile and contribute to pathogenesisof microangiopathy.

Human beings cannot synthesise AA (Burns, 1956). A pronouned ascorbate
deficiency in patients with retinopathy as found in this study; defective cellular uptake
(Bigley, 1983; Stankova, 1984) and high turn over merits supplementation of ascorbic acid
at a high dose in diabetes along with appropriate insulin treatment which will help AA enter
into cell by mass action (Mann, 1974). The dose in this particular context is yet to be
determined.
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