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Keywords: ABSTRACT
Type 2 diabetes, OBJECTIVE:

R To study RBC morphology (crenated edges with Heinz bodies) in Type 2
Oxidative stress, RBC Diabetes as a marker of oxidative stress and efficacy of Antioxidants as

morphology, Antioxidants add on therapy to standard treatment.
METHODOLOGY:
For Correspondence: 60 patients with Type2 Diabetes on metformin were randomized equally
. into study and control groups. 1ml of blood was collected, washed with
Rohini Ann Mathew saline, centrifuged and RBC suspension observed under high power
Institute of Pharmacology, microscope. Study group received Vitamin C(500mg) and Vitamin E(400
. 1.U) once daily with standard treatment for 8 weeks.
Madras Medical College, Patients were assessed at 4 and 8 weeks for RBC morphology, fasting
Chennai glucose, Hemoglobin, RBC count and Blood pressure.
RESULTS:
E-mail: After 8 weeks, study group in comparison to the control group showed

near complete restoration to normal RBCs and significant improvement in
fasting glucose, Hemoglobin,

RBC count and BP.

CONCLUSION

Free radical induced oxidative damage to RBCs leading to hemolysis is
the main cause of anemia in these patients, hence RBC morphology can
be used as a marker of oxidative stress in Type 2 diabetes. Adding
Vitamin C and E to standard treatment is cost effective and novel

approach in the management of these patients.

rohinicmc@gmail.com

55 Full Text Available On www.ijipls.com



mailto:rohinicmc@gmail.com

International Standard Serial Number (ISSN): 2249-6807

1.0 INTRODUCTION
Anemia in Type 2 diabetes is often unrecognized and inadequately treated. The Prevalence of anemia in

Type 2 diabetes patients is around 14-48%.? The probable etiology of anemia in Type 2 diabetes patients
are nutritional deficiencies, drugs, hyperglycemia and increased expression of inflammatory mediators like
IL-1, IL-6 and TNF-0.°

Oxidative stress plays an important role in the pathogenesis of Type 2 diabetes.* Chronic psychological
stress causes persistent elevation of stress hormones like Adrenaline, Glucagon, Corticosteroids etc. and
increased production of Free radicals (reactive oxygen species-ROS).

In chronic stress, Adrenaline is released which in turn triggers the release of glucagon. Glucagon and
adrenaline cause lipolysis in adipocytes and induce gluconeogenesis which are responsible for
hyperglycemia and hypertriglyceridemia in Type 2 diabetes.® Glucagon decreases the peripheral utilization
of glucose by inactivating the enzyme Pyurvate kinase which is important for glycolysis and production of
ATP in peripheral tissues.” Adrenaline and Glucagon antagonize the actions of insulin causing insulin
resistance.

RBCs are highly susceptible to oxidative damage as they are the first cells to be exposed to free radicals.
The presence of high cellular concentration of oxygen and hemoglobin, lack of nucleus and mitochondria,
inability to synthesize enzymes make RBCs vulnerable to oxidative stress.”

Glucose entry into RBCs is independent of insulin. The normal RBCs depend on glycolysis mediated by
Pyruvate kinase for the production of ATP (adenosine triphosphate) as they lack mitochondria. This ATP
is required for metabolic needs of RBCs to fuel pumps necessary for the maintenance of the biconcave
flexible shape. Decreased ATP production results in alterations in the cell membrane, decreased flexibility
to squeeze through narrow capillaries.® These altered RBCs are phagocytosed by the reticulo-endothelial
cells of the spleen. The life span of RBC is thus reduced resulting in Hemolytic anemia. Glucagon
inactivates Pyruvate kinase while insulin activates Pyruvate kinase.’

Reduced Glutathione chemically reacts with free radicals like hydrogen peroxide (H,O,) and detoxifies
them to form oxidized glutathione. The cells regenerate reduced glutathione by the enzyme glutathione
reductase using NADPH (nicotinamide adenine dinucleotide phospate) as a source of reducing
equivalents. Erythrocytes depend solely on the Pentose Phosphate Pathway for the supply of NADPH to
maintain the reduced glutathione pool. The enzyme Glucose-6-phosphate dehydrogenase (G6PD) is
essential for the generation of NADPH. Insulin increases the expression of the gene coding for G6PD. "™

In hyperglycemia, more glucose enters the RBCs as it does not require insulin for glucose uptake. The
elevated intracellular glucose is converted to sorbitol in the presence of NADPH and aldose reductase,
resulting in the depletion of NADPH."

Decrease in the level of Reduced Glutathione and inhibition of Pyruvate kinase activity, both expose the

RBC to oxidative damage causing Hemolytic anemia.
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ROS cause lipid peroxidation and damage the cell membrane especially in RBCs causing crenated edges.
Oxidation of sulphydryl groups in hemoglobin leads to the formation of disulfide cross-linkages between
adjacent globin chains causing a distortion of hemoglobin structure and forming denatured visible
precipitates called Heinz bodies which attach to the red cell membrane.*?

The ROS decreases the bioavailability of nitric oxide (NO or Endothelial derived relaxing factor -EDRF)
in the blood vessels by combining with nitric oxide and forming peroxynitrite, a reactive nitrogen species
(RNS). This causes endothelial dysfunction leading to vasoconstriction.***

Hemolytic anemia and ischemia contribute to the long term complications of Type 2 Diabetes like
nephropathy, retinopathy, neuropathy, autonomic dysfunction, cardiovascular diseases,diabetic foot ulcers
etc.” ROS cause lipid peroxidation in somatic cells which increases the production of arachidonic acid
(AA), a precursor for inflammatory mediators. As a result, the pro-inflammatory cytokines like 1L-6 and
TNF o are produced from macrophages.'® Non enzymatic free radical catalyzed oxidation of arachidonic
acid generates eicosanoid isomers. The best characterized of these iso-eicosanoids are F2 isoprostanes (F2-
iso PS). These isoprostanes can activate prostanoid receptors and induce chronic inflammation in a manner
insensitive to COX (cyclo-oxygenase) inhibitors.” The isoprostanes particularly 8-iso-PGF2a contribute
to the chronic inflammation in Type 2 Diabetes.'® Non steroidal anti-inflammatory drugs (NSAIDS) cannot
inhibit the production of these isoprostanes and only Antioxidants can inhibit their synthesis. This chronic
inflammation is responsible for Insulin resistance, cell damage and complications of diabetes.
Measurement of isoprostanes and its metabolites in plasma and urine respectively is considered a sensitive
and reliable tool for identifying oxidative stress in vivo.™

Chronic inflammation directly contributes to insulin resistance.?’ Inflammatory mediators like isoprostanes
bind to the insulin receptor and inhibit the action of insulin. Therefore, the insulin mediated recruitment of
glucose transporters (GLUT- 4) to the cell membrane in tissues like adipocytes and skeletal muscles is
inhibited. As a result, glucose does not enter into these cells resulting in hyperglycemia and insulin
resistance.”"*

Ascorbic acid (vitamin C) serves as an antioxidant due to its ability to react with free radicals and
undergo a single-electron oxidation process to form ascorbyl radical, a poorly reactive intermediate which
disproportionates to ascorbate and dehydroascorbate. It is the first line of defense against ROS in plasma,
interstitial fluids and soluble phases of cells. It protects lipid, DNA and nitric oxide from oxidation. It
regenerates the metabolically active (reduced) form of Vitamin E (synergistic action) and protects
glutathione in its reduced form by quenching of oxidants.?

a-tocopherol (vitamin E) is the major antioxidant in membranes and has membrane stabilizing action. It
gets incorporated into the phospholipid bilayer and protects the PUFAs of the cellular membranes from
free radical induced oxidative damage.” In serving its antioxidant function, it gets converted to
tocopheroxyl radical which is unreactive and thus it stops the destructive propagative cycle of oxidative

damage. It is regenerated to its active form by Vitamin C.
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In this study, a-tocopherol and ascorbic acid are given as add on treatment to reduce insulin resistance,
hyperglycemia and to correct hemolytic anemia. RBC morphology is used as a marker for oxidative stress
in Type 2 Diabetes.

2.0 OBJECTIVES

PRIMARY OBJECTIVE:

To study red blood cell morphology in early Type 2 diabetes patients as a marker of oxidative stress and
the efficacy of Antioxidants such as Vitamin E and C as an add on therapy to standard treatment.
SECONDARY OBJECTIVE:

Improvement in glycemic control and haemoglobin level.

3.0 METHODOLOGY

3.1 STUDY DESIGN:

Randomized, Open label, Comparative Pilot study

3.2STUDY POPULATION:

Adult patients with early Type 2 Diabetes Mellitus (< 2 years duration) attending the diabetic outpatient
department.

3.3STUDY CENTER:

Institute of Diabetology, Madras medical college & Rajiv Gandhi Government General Hospital, Chennai.
3.4 STUDY PERIOD:

January 2015 — December 2015

3.5 SAMPLE SIZE:

60 patients (30 patients in control group and 30 patients in study group)

3.6 STUDY DURATION:

8 weeks study period and 4 weeks follow up per patient

3.7 ELIGIBILITY CRITERIA

Inclusion Criteria:

Age: 30-70 years

Sex-both genders

Patients diagnosed with Type 2 Diabetes Mellitus within 2 yrs
Patients on Metformin monotherapy.

VVYVYVYVYY

Patients willing to give written informed consent
Exclusion Criteria:

Patients with Type 1 Diabetes Mellitus

Current or ex smokers

Pregnant and lactating women

Patients with co-existing liver disease, heart disease, renal disease or malignancy
Patients on any lipid lowering drugs

VVVVVYY

Patients with any diagnosed hematological disorder
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»  Patient enrolled in any other study

3.8 STUDY PROCEDURE

The study was conducted after obtaining approval from the Institutional Ethics Committee, Madras
Medical College and was done in accordance with Declaration of Helsinki and Good Clinical
Practice (GCP) guidelines. Patients diagnosed with Type 2 Diabetes Mellitus within the last 2
years on metformin monotherapy were recruited from the outpatient department of the Institute of
Diabetology, Madras Medical College & Rajiv Gandhi Government General Hospital. Written
informed consent was obtained from the subjects willing to participate in the trial in the prescribed
format in regional language prior to performance of any study related procedure. If the patient was
illiterate, left thumb impression in the presence of an impartial witness was taken.

3.9 SCREENING

The subjects were screened by complete medical history, clinical examination and blood
investigations.The demographic details of the patients was obtained and recorded. Subjects who
fulfilled the inclusion and exclusion criteria were enrolled and randomized to either the study
group or control group.

The following lab investigations were performed during screening.

- Fasting blood sugar - Haemoglobin

- Total Red blood cell count - Liver function tests

- Renal function tests

3.9 RECRUITMENT

102 patients were screened and 30 patients in each group (control and study groups) who fulfilled the
inclusion and exclusion criteria were recruited into the study.

3.10 RANDOMIZATION

The enrolled patients were randomized by simple randomization into control and study group and received
the respective therapies.

3.11 TREATMENT PLAN

GROUP A - Control group (n=30): patients received standard treatment.
Standard treatment:
e Tablet Metformin 500 mg twice daily
GROUP B - Study group (n=30):
e Standard treatment with Cap. Vitamin E 400 IU and Tab.Vitamin C 500mg/day/patient.
The patients received the study medication for 4 weeks at a time and were asked to review at the end of 4

weeks and 8 weeks with the empty blister pack to check compliance.
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3.12 ASSESSMENT

I. Morphological changes in RBCs: 1ml of the patient’s blood was centrifuged at 3000 rpm for 5
minutes. The supernatant was discarded and the packed cells diluted with equal volume of 0.9% normal
saline and centrifuged again. The supernatant was again discarded and the packed cells reconstituted as
10% v/v suspension with 0.9% normal saline and a drop of this suspension was put on a glass slide under a
cover slip and studied under high power microscope.

Under the high power microscope, a central field was selected. 100 RBC’s were viewed and the number of
Crenated RBCs with Heinz bodies were counted for each patient in both the groups at each visit and
recorded as a percentage.

II. Glycemic control- based on fasting blood sugar levels

III.  Hemoglobin levels and RBC count — was recorded at each visit

Differences in the counts before and after treatment in the both the groups were recorded.

3.13 INSTRUCTION TO PATIENTS

The patients were instructed clearly regarding the regular intake of the medicines. They were given proper
advice to report for assessment and drug receiving. They were counseled to report if any acute complaints,
reactions occur.

3.14 FOLLOW UP

The patients were followed up for a post treatment period of 4 weeks, without the study drug for the
assessment of vitals, Hemoglobin, RBC count and RBC morphology. After the completion of 12 weeks of
study period, the patients were provided appropriate medical care at Institute of Diabetology, Rajiv Gandhi
Government General Hospital, Chennai.

3.15 ADVERSE EVENTS

Any adverse event reported by the patient or observed by the physician during the study was recorded. The
onset of adverse event, causal relationship to the study drug and action taken was recorded. Appropriate
medical care was provided.

3.16 WITHDRAWAL FROM STUDY

During the study period the subject was allowed to withdraw his/her voluntary consent and opt out of
study. Similarly at the discretion of the investigator, the subjects were withdrawn from the study if any
serious adverse event reported by the patient or observed by the physician.

3.17 STATISTICAL ANALYSIS

The obtained data was analyzed statistically. Distribution of age was analyzed using one way ANOVA and
Sex distribution was analyzed by Chi- square test. The difference within the groups in hemoglobin level,
RBC count, RBC morphology, systolic and diastolic blood pressure was analyzed using students paired t-

test. Similarly the difference between the control and test groups was analyzed using independent t-test.
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The biochemical investigations were performed at baseline and at the end of 8 weeks. The differences
within the groups before and after treatment were analyzed using student’s paired t- test. Statistical
analysis was done using SPSS vs 20. p value <0.05 was considered to be statistically significant.
4.0 RESULTS
102 patients were screened, 60 patients who met the inclusion criteria were recruited. 42 patients were
excluded from the study based on the exclusion criteria. Patients were randomized to either of the two
groups, control group or study group. Medications were dispensed as per protocol and patients were
assessed at each visit by RBC morphology, hemoglobin count, RBC count and fasting blood sugar.
Adverse drug reactions were monitored throughout the study period and follow up. Compliance was
assessed at each visit by checking the returned blister packs. All patients completed the study and results
analyzed were as follows.

TABLE 1: MEAN DURATION OF DIABETES (MONTHYS)

GROUPS n (NO. OF | MEAN SD p VALUE
PATIENTS) | DURATION
(MONTHS)
CONTROL 30 11.4 6.7
0.175
STUDY 30 9.13 5.9

Table 1 — shows the mean duration of diabetes among the patients in the control and study group.

TABLE 2 : MEAN FASTING BLOOD GLUCOSE (ma/dl

DAY 0 AT THE END OF 8 | pvalue
GROUPS WEEKS

MEAN SD MEAN SD

(mg/dl) (mg/dl)
CONTROL 185.2 57.66 144.8 29.58 0.030
STUDY 181.6 27.98 117.3 15.77 0.001
p value 0.762 0.001

Table 2- shows the mean fasting blood glucose levels in control and study groups.
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FIGURE 2 : MEAN FASTING BLOOD GLUCOSE (ma/dl)
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Fig 2 is a graphical representation of Table 2.
MORPHOLOGY OF RBCs BEFORE AND AFTER TREATMENT

MORPHOLOGY OF RBCs BEFORE AND AFTER TREATMENT
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TABLE 3— MEAN PERCENTAGE OF CRENATED RBCs WITH HEINZ BODIES (%)

DAY 0
GROUPS

MEAN (%) SD
CONTROL 80.83 13.06
STUDY 84.67 12.82
p value 0.256

AT THE END OF 8 | pvalue

WEEKS
MEAN (%) )
76.87 12.79

0.051
6.93 2.16 0.001
0.001

Table 3 - shows the mean percentage of crenated red blood cells with Heinz bodies in the control and

study groups.

FIGURE 3: MEAN PERCENTAGE OF CRENATED RBCs WITH HEINZ BODIES (%)
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Fig 3 is a graphical representation of Table 3.

TABLE 4: MEAN HAEMOGLOBIN(gm%)

DAY 0 AT THE END OF 8 WEEKS | p value
GROUPS

MEAN (gm%b) SD MEAN (gm%o) | SD
CONTROL 10.37 1.311 10.34 1.30 0.690
STUDY 10.19 1.534 11.45 1.462 0.001
p value 0.633 0.003
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FIGURE 4: MEAN HAEMOGLOBIN(gm%b)
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Fig 4 is a graphical representation of Table 4.

TABLE 5 - NUMBER (%) OF PATIENTS WITH ANEMIA

HEMOGLOBIN (g/%) CONTROL (n=30) STUDY (n = 30)
<12 gm% (ANEMIC) 24 (80%) 25 (83%)
>12 gm%(NOT ANEMIC) 6 (20%) 5 (17%)

Table 5 — shows the number (%) of patients with anemia (Hb <12gm%).

FIGURE 5: NUMBER OF PATIENTS WITH ANEMIA
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Figure 5 is a graphical representation of Table 5
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TABLE 6: MEAN RED BLOOD CELL(RBC) COUNT (millions/pL)

Table 6 - shows the mean Red blood cell (RBC) count in patients of the control and study group.

DAY 0 AT THE END OF 8 |p
GROUPS WEEKS value
MEAN SD MEAN SD
(millions/pL) (millions/pL)
CONTROL 3.523 0.454 3.512 0.451 0.624
STUDY 3.48 0.514 3.886 0.489 0.001
p value 0.730 0.003

FIGURE 6: MEAN RED BLOOD CELL COUNT(millions/nl.)
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Fig 6 is a graphical representation of Table 6.
TABLE 7 : MEAN SYSTOLIC BLOOD PRESSURE(mmHQ)
DAY 0 AT THE END OF 8 WEEKS p value
GROUPS
MEAN (mm Hg) | SD MEAN(mm Hg) | SD
CONTROL 124.2 10.691 126.3 9.681 0.436
STUDY 126.8 9.792 120.6 11.34 0.027
p value 0.330 0.042

Table 7 - shows the mean systolic blood pressure in control and study groups
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FIGURE 7: MEAN SYSTOLIC BLOOD PRESSURE (mmHQ)

126.8

128 - 126.3
126 - 124.2

124 A
122 A
120 -
118 -

116 T T
CONTROL STUDY

120.6 mBASELINE
m 8 WEEKS

MEAN SYSTOLIC BLOOD
PRESSURE (mmHg)

Fig 7 is a graphical representation of Table 7.

TABLE 8 : MEAN DIASTOLIC BLOOD PRESSURE (mmHgq)

DAY 0 AT THE END OF 8 WEEKS | p value
GROUPS MEAN BP (mm Hg) | SD MEAN BP(mmHg) | SD
CONTROL 80.6 6790 | 80.4 6526 | 0.908
STUDY 81.4 7596 | 76.4 7762 | 0.014
p value 0.669 0.035

Table 8 - shows the mean diastolic blood pressure in control and study groups.

FIGURE 8: MEAN DIASTOLIC BLOOD PRESSURE(mmHQ)
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Fig 8 is a graphical representation of Table 8.
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TABLE 9: ADVERSE EVENT PROFILE

ADVERSE EVENT CONTROL GROUP STUDY GROUP
NAUSEA 3 2
VOMITING 1 0
ABDOMINAL PAIN 1 0
HYPOGLYCEMIA 3 3
METALLIC TASTE 2 0
FIGURE 9: ADVERSE EVENT PROFILE
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Fig 9 is a graphical representation of Table 9.

TABLE 10: INCIDENCE OF ADRs

CONTROL GROUP (n=30)

STUDY GROUP (n=30)

NO. OF ADR’s

10 (33%)

5 (17%)

shows the incidence of ADR’s among patients in control and study groups.

Tab

10
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FIGURE 10: INCIDENCE OF ADRs
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Fig 10 is a graphical representation of Table 10.
5.0 DISCUSSION
Anemia is an important risk factor in diabetes causing micro and macro-vascular complications of diabetes
mellitus like retinopathy, nephropathy, neuropathy and delayed wound healing. The cause of anemia is not
recognized and treated in patients with Type 2 diabetes.® Measuring hemoglobin% alone is not sufficient to
find out the exact type of anemia. A peripheral smear is necessary so that treatment can be decided
according to the type of anemia. In our study, we used cover slip technique to study the morphology of
RBCs under high power microscope to find out the exact cause of anemia.
Oxidative stress plays a major role in the pathogenesis of Type 2 diabetes.” Excess production of oxidants
causes insulin resistance, RBC damage, tissue damage and chronic inflammation. Therefore, Antioxidants
like Vitamin E and C can control inflammation, reduce insulin resistance and correct the anemia.
In this study, 102 patients with early Type 2 diabetes (less than 2 years duration) were screened, 42 were
excluded for various reasons and 60 patients were randomized by simple randomization into control and
study groups of 30 patients each. The patients in the control group were on Metformin (500mg twice daily)
alone while those in the study group received 4001U of Vitamin E and 500mg of Vitamin C once daily
along with Metformin for 8 weeks duration. Both the groups were followed up for 4 weeks post treatment.
The level of oxidative stress was assessed on the basis of the percentage of Crenated RBCs with Heinz
bodies along with the hemoglobin level and total RBC count. Other parameters assessed were fasting

blood glucose, systolic and diastolic blood pressure.
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Among the 60 patients who completed the study, the mean age was 48 years and 47 years in the control
and study groups respectively with a higher proportion of female subjects in both the control (67%) and
study (63%) groups. The mean duration of diabetes was 11 months in control and 9 months in the study
group.

At the end of the 8 week study period, the mean fasting blood glucose was lower in the study group
(p=0.001) compared to the control group (p=0.030). This showed that adding antioxidants to the standard
regimen resulted in decrease in insulin resistance and a better control of blood glucose levels.

Nearly 80% of the RBCs in both the groups showed crenated edges with Heinz bodies at the beginning of
the study. This indicates the degree of ongoing hemolysis in patients with Type 2 diabetes. At the end of 8
weeks, the percentage (%) of crenated RBCs with Heinz bodies was reduced significantly to 6.9% in the
study group (p=0.001) and to only 76% in control group (p=0.051). This clearly demonstrates that
treatment with antioxidants improves membrane integrity and reduces RBC fragility and hemolysis by
preventing free radical induced oxidative damage.

Nearly 80% of patients in control group and 83% of patients in study group had a hemoglobin of less than
12gm% at baseline. The mean hemoglobin was 10.37gm/dl in the control group and 10.1gm/dl in the study
group. After treatment, the study group showed a significant increase in hemoglobin (11.45 gm/dl)
compared to the control group (10.34gm/dl). This proves that anemia in Type 2 diabetes is due to
hemolysis induced by oxidative damage to RBCs. The mean total RBC count was also significantly
increased in the study group compared to the control group (p=0.003).

The mean blood pressure was slightly above average in both the groups at baseline. At the end of 8 weeks
there was a significant reduction in systolic (p=0.042) and diastolic (p=0.035) blood pressure in study
group compared to control group. This may be attributed to the improvement in microcirculation and
reduction in total peripheral resistance.

There was a reduced incidence of adverse effects like nausea, vomiting, abdominal pain and metallic taste
in the study group.

All the above mentioned effects were sustained in the study group at the end of the 4 week follow up

period indicating that the beneficial effects of antioxidants persist for sometime even after its withdrawal.
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In this study, the improvement in RBC morphology correlated well with the improvements in all other
parameters like hemoglobin, blood glucose and blood pressure due to antioxidant therapy (Vitamin E &
C), thus confirming the role of free radicals in the pathogenesis of Type 2 diabetes, anemia and its
complications.

6.0 CONCLUSION

The prevalence of anemia in Type 2 diabetes is around 14-48% ° whereas in our study it was around 80%.
Treatment of anemia in Type 2 diabetes is not included in the standard regimen. The type of anemia also is
not given due importance. In this study, it is proved that the anemia is hemolytic in nature caused by
oxidative stress. Treatment with antioxidants like Vitamin E and C significantly improved the hemoglobin
%, RBC morphology and glycemic control in Type 2 diabetes. The overall sense of well being was
observed in these patients along with significant reduction in blood pressure. This proves that stress plays a
major role in the pathogenesis of Type 2 diabetes and hypertension and antioxidants regulate the
sympathetic nervous system. Treatment of Type 2 diabetes with Antioxidants like Vitamin E and C can
arrest the disease process, improve glycemic control and prevent the complications of diabetes. Using RBC
morphology as a marker for oxidative stress is a simple, cost effective and novel investigation.
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