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Abstract

Aim: To identify the effects of tocotrienol-rich vitamin E from palm oil (Tocovid) on
diabetic retinopathy (DR) in patients with type 2 diabetes.

Materials and methods: The intervention group (n = 21) received 200 mg Tocovid
twice daily while the control group (n = 22) received placebo twice daily for 8 weeks.
Changes in retinal photography by conventional grading and novel quantification of
retinal hemorrhage were assessed. Changes in serum biomarkers advanced glycation
end products (AGE) general, sRAGE (soluble receptor of AGE), Ne-CML (specific type of
AGE), and cystatin C were evaluated.

Results: A novel technique to quantify retinal hemorrhage had a strong positive correla-
tion with conventional grading of DR in both eyes at baseline and at the end of the
study. Eight-week supplementation of Tocovid resulted in significant reduction in retinal
hemorrhage in the right eye. Liver enzymes and ALT significantly reduced. No significant
changes in grade of DR, serum biomarkers, HbA1c, blood pressure, renal profile, and lipid
profile were observed.

Conclusions: Tocovid is a potential adjunct to current treatment of DR and fatty liver
disease. A novel method of quantifying retinal hemorrhage is a potential technique for
assessing disease severity of DR, particularly the early changes.
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Introduction

Diabetes mellitus (DM) is an alarming public health concern that is approaching
epidemic proportions on a global scale. Diabetic retinopathy (DR), one of the
main microvascular complications of diabetes, affects 34.6% of the diabetic
cohort." Itis a leading cause of new onset blindness among individuals aged 20
to 64 years old and accounts for 2.6% of global blindness.>* Effective treatment
strategies to prevent onset and progression of DR are needed.

Vitamin E has been touted as a potent antioxidant capable of attenuating
oxidative and inflammatory stressors involved in the pathogenesis of diabetes
and its related complications. It exists in two major forms, tocopherol and tocot-
rienol. Its therapeutic role in diabetes, however, remains largely controversial.*®
The bulk of the studies done on vitamin E, however, is on the more common
tocopherol. Tocotrienol on the other hand, only contributes to less than 3% of
the entire literature on vitamin E. Interestingly, growing evidence has demon-
strated that tocotrienols possess antioxidant properties that are 40-60 times
greater than tocopherols and is more capable of ameliorating diabetic-related
complications.” A study by Nazaimoon et al. demonstrated that tocotrienol was
able to reduce lipid peroxidation within 2 months in patients with type 2 DM
(T2DM).8 Other animal studies further endorse the antioxidative properties of
tocotrienol in diabetic rat models.”'> Among the many sources of tocotrienols,
vitamin E extracted from palm oil (Elaeis guineensis) contains the most concen-
trated form of tocotrienols.”™

In addition, animal studies have shown that tocotrienols possess antiangio-
genetic abilities and confers significant protection in the retina.'>'®* However,
literature on the effects of tocotrienol in attenuating DR is limited. Nevertheless,
tocotrienol has also been shown to reduce advanced glycation end products
(AGE), a key component in the pathogenesis of DR.>'7 AGE constitute a group of
inflammatory biomarkers formed from reactions between reducing sugars and
free amino acids, nucleic acids, and lipids.’™ AGE react with its receptor, RAGE,
to produce oxidative stress and activate proinflammatory cytokines including
RAGE itself, thus forming a vicious cycle. This ultimately results in DR and other
diabetic-related complications.’®'® On the same note, the landmark Diabetes
Control and Complications Trial/Epidemiology of Diabetes Interventions and
Complications Trial (DCCT/EDIC) and United Kingdom Prospective Diabetic
Study (UKPDS) also demonstrate that it is not HbA1c, which lasts only 3 months,
but AGE, which last a lifetime, that are better predictors of DR.2%% As the current
treatment for DR, which is tight glycemic control, does not address the AGE
pathway, tocotrienol is proposed as an adjunct to the treatment regime of DR.

Among the AGE, N-epsilon-carboxymethyl lysine (Ne-CML) has been
shown to be the most promising biomarker for predicting the presence and
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progressive severity of DR.2%%2 Another potential biomarker for DR is soluble
RAGE (sRAGE).*3° sRAGE isoforms sequester AGE and therefore ameliorate
against AGE-RAGE mediated complications of diabetes.?’ On the other hand,
cystatin C is a novel biomarker which has been shown to be superior to serum
creatinine in detecting the early stages of diabetic nephropathy, another micro-
vascular complication of diabetes.??

Therefore, the primary aim of this pilot study is to investigate the effect of
tocotrienol-rich palm oil (Tocovid) compared with placebo on inflammatory
biomarkers AGE, sSRAGE, Ne-CML, and cystatin C and on the disease severity of
DR as assessed by retinal photography. The secondary aim of this pilot study is
to investigate the effect of Tocovid on other glycemic and metabolic parame-
ters in T2DM.

Materials and methods

Study design

This study was designed as a prospective, randomized, double-blinded, place-
bo-controlled clinical trial to compare the effect of Tocovid versus placebo in
adult T2DM patients with DR. This study consisted of 8 weeks of screening and
8 weeks supplementation with either Tocovid or placebo. The overall study
design is shown in Figure 1. Ethical approval was obtained from the Monash
University Human Research Ethics Committee (Project number: 12091) and
the study complied with the principles of the Declaration of Helsinki. Informed
written consent was obtained from all participants prior to commencement of
screening. The sample size was set at 52 participants based on previous liter-
ature.® This was based on power calculations demonstrating a difference of
30% + 5% SD in primary outcome between the intervention and control group.
However, due to financial constraints, only 43 participants were recruited.

Screening
Period

I Double-blind Treatment Period (8 weeks) }

1
WeekOlWeek 1| Week2| Week3|Week4| Week5|Week6|Week7|Week 8|

NN

Screening Visit 1 Visit 2 Visit 3
. Randomization Monthly End of
V|S|t n =26 given Tocovid

n =26 given placebo Follow Up Treatment

Fig. 1. Overall study design.
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Participants and study enrolment

Participants were recruited from the existing pool of patients at the Monash
University Clinical Research Center (CRC) in Johor Bahru and in Bandar
Sunway, Malaysia. Patients with T2DM were invited to attend the screening
visit. Patients were reminded to observe an 8 h fasting period, as per routine
diabetes follow-ups, to miss their morning dose of diabetic medication, not to
wear contact lenses, and bring their prescribed visual aids.

During the screening visit, complete history-taking and physical examination
was obtained. Further screening tests including fasting blood glucose, HbA1c,
and digital retinal photography were obtained. Safety tests including electro-
cardiogram, renal profile, liver function test, lipid profile, and urine dipstick
were conducted to confirm the participants’ fitness to participate in the study.
Serum biomarkers AGE, sRAGE, Ne-CML and cystatin C were tested only on
patients who met the inclusion and exclusion criteria.

Participants with the following criteria were included:

1. Participants aged 18-80 years old at the time informed consent was
provided.

2. Participants who had T2DM with stable glucose control (not more than
10% change in HbA1c levels over the last 2 months) and HbA1c range
within 6.5-14%.

3. If the participant had hypertension, they must have had stable blood
pressure control (not more than 10% change in blood pressure over the
last 2 months) and blood pressure range of less than 160/100 mmHg.

4. Participants who had stable DR in at least one eye as assessed by retinal
photography with no laser, intraocular injections, or other invasive treat-
ment in the last 3 months.

Participants with the following criteria were excluded from the study:

1. Participants who had severe media opacity (i.e., corneal opacities, dense
cataracts, and vitreous hemorrhage).

2. Participants who had acute or severe eye diseases (i.e., retinal detach-
ment, periorbital cellulitis, and angle-closure glaucoma).

3. Participants who had acute or severe chronic diseases (i.e., acute coronary
syndrome, active tuberculosis, active cancer, end-stage kidney failure,
liver or inflammatory diseases).

4. Participants who were pregnant or hoped to become pregnant during the
trial.

5. Participants who took water-soluble antioxidants (i.e., vitamins B or
C, polyphenols, glutathione) during the past 2 weeks or fat-soluble
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antioxidants (i.e., vitamins A, D, E and K) during the past 4 weeks.
6. Participants who were heavy smokers (= 20 sticks/day) or had stopped
smoking for less than 1 month.

Randomization, study groups, and supplement formulation

Participants who met the inclusion and exclusion criteria were randomized into
double-blind treatment period for 8 weeks. Randomization was done by an
independent operator by using computer-generated permuted blocks of size 4
in a 1:1 ratio for intervention or control, stratified for patient’s age, gender, and
duration of DM. Allocation concealment was done by sequentially numbered
opaque sealed envelopes.

Both Tocovid and placebo capsules were of similar shape, size, taste, and
excipients. The study drugs were labelled as Drug A and Drug B and their
identity was kept confidential by ExcelVite (Hovid Berhad, Ipoh, Malaysia).
Allocation was concealed until the end of the study. The intervention group
received 200 mg twice a day tocotrienol-rich vitamin E (Tocovid Suprabio™),
while the control group received placebo twice a day for 8 weeks. EVNol
SupraBio, the active ingredient of Tocovid Suprabio™ was manufactured by
ExcelVite, Malaysia.

Follow-up visits

Follow-up visits every 4 weeks were conducted to monitor for adverse drug
events and participant’s compliance to treatment via capsule count. Anthro-
pometric measurements, blood pressure, fasting blood glucose, and urine
dipstick were routinely carried out during follow-up visits. In the final visit,
HbA1c, retinal photographs and biomarkers AGE, sRAGE, Ne-CML and cystatin
Cwere obtained. Baseline safety tests including ECG, renal profile, liver function
test, and lipid profile were repeated to ensure the study drugs had no adverse
effect to the participant.

Evaluation of outcomes

The primary outcomes were biomarkers AGE, sSRAGE, Ne-CML, and cystatin Cand
the disease severity of DR as assessed by retinal photography. The secondary
outcomes were HbA1c, blood pressure, and other safety tests including renal,
lipid, and liver profile.

Retinal photographs

Retinal photographs were taken using a fully automated, non-mydriatic digital
retinal imager (Digital Retinography System (DRS), CenterVue, Padova, Italy).
Seven different 45° fields were taken for both eyes using this retinal camera
at baseline and after 8 weeks. Thereafter, high quality multi-image mosaics
(retinal maps) were constructed from the 7-field retinal photographs using an
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advanced image registration and montage software i2k Retina® software (Dual
Align LLC, Clifton Park, NY, USA) to obtain a more complete and accurate view
of the patient’s retina.>* The retinal mosaics or maps were then graded for DR
based on the Early Treatment Diabetic Retinopathy Study (ETDRS) grading?®
by an ophthalmologist who was double-blinded. Participants were allocated
one of five retinopathy grades: no DR (NDR), mild non-proliferative DR (NPDR),
moderate NPDR, severe NPDR, and proliferative DR (PDR).

Additionally, the retinal maps were quantified manually by the investigator
and vetted by two coinvestigators for retinal hemorrhage by an open-source
image processing software, Fiji (National Institutes of Health, USA).3® The
parameters measured were surface area of retinal hemorrhage in the unit
measurement of pixels at 100% image zoom. The ratio of total surface area of
retinal hemorrhage to surface area of optic disc was then obtained to minimize
variances from the retinal photographs pertaining to different zooms, patient
position, dimension of eyeball, and refractive errors. The overall process quanti-
fying the retinal hemorrhage is shown in Figure 2.

The specifications of the DRS used to capture the retinal photographs were:
Field of view: 45° x 40°.

Non-mydriatic operation: minimum 3.8 mm pupil size.

Fixation target: 7 internal LEDs.

Operating distance: 37 mm.

Sensor size: 5 MP (2592 x 1944).

Sensor resolution: 48 pixels/degree.

ouvscwn =

The specifications of the computer monitor used during the quantification of
retinal hemorrhage were:

Dimensions: 21.5' (height 10.4", width 18.7").

Display: 100% brightness, 100% contrast.

Resolution: 1920 x 1080.

Orientation: Landscape Display HP P22va.

Environment: completely dark room.

Biomarkers AGE, sRAGE, Ne-CML, and cystatin C

The serum samples of participants for biomarkers AGE, sRAGE, Ne-CML and
cystatin C were stored in a -80°C laboratory freezer. Biomarker processing
was conducted by a qualified biochemist on a batch-to-batch basis at the
end of the study to avoid inter-assay variation. Serum AGE, sRAGE, Ne-CML,
and cystatin C concentrations were measured in duplicates and quantified
by calorimetric method using Enzyme-linked Immunosorbent Assay (ELISA)
(TECANINnfinite 200 PRO, Mannedorf, Zirich, Switzerland). The ELISA kit for

uhwn =
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Fig. 2. Overall process to quantify retinal hemorrhages: (a) Seven 45° retinal image fields taken
for the right eye. (b) Retinal map constructed from the 7 individual retinal photographs using

i2k Retina® software. Areas of retinal hemorrhage manually quantified (circled in green) with Fiji
software. Zoomed-in picture showing small areas of retinal hemorrhage which are difficult to see
with the naked eye. (c) Ratio of total area of retinal hemorrhage and area of optic disc obtained
to minimize errors pertaining to variance of retinal photographs.
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AGE (Cell Biolabs STA-317, San Diego, CA, USA), N"-CML (Cell Biolabs STA-816,
San Diego, CA, USA), sRAGE (Elabscience E-EL-H0295, Houston, TX, USA), and
cystatin C (Elabscience E-EL-H0055, Houston, TX, USA) had intra-assay coeffi-
cient variances of 4% and inter-assay coefficient variances of 8%.

HbA1c, BUSE creatinine, liver enzymes, and lipid profile

A capillary blood sample of 1.5 yL was used to measure HbA1c. HbA1c kits (Alere
Afinion, Waltham, MA, USA) had a measuring range of 4-15% with coefficient
variances (CV) < 3%. Serum was procured from participants at baseline and after
8 weeks of supplementation and sent to a national certified pathology lab for
general biochemical examination of blood including serum creatinine, blood
urea nitrogen (BUN), aspartate aminotransferase (AST), alanine transaminase
(ALT), total cholesterol (TC), and high-density lipoproteins (HDL) (ARCHITECT,
Abbott Diagnostics, Abbot Park, IL, USA) on the same working day. Coefficient
variances for the tests were approximately < 6%.

Statistical analysis

All statistical analyses were performed using Statistical Package for Social
Sciences (SPSS) version 25 (IBM SPSS Inc, Chicago, IL, USA). All data were analyzed
by intention-to-treat basis. Each eye was analyzed separately. Probabilities less
than 5% were deemed statistically significant. Baseline characteristics between
Tocovid and placebo group were measured using chi-square test for gender;
Fisher's exact test for race, smoking status, and grade of DR; Mann-Whitney test
for compliance; independent t-test for age, duration of T2DM, retinal hemor-
rhage, glycemic and metabolic parameters, as well as safety tests. ANCOVA,
adjusting for baseline values, was used to analyze treatment changes at the
end of the study between the intervention and control groups. Odds ratio was
calculated for improvement and deterioration in grade of DR for the Tocovid
and placebo groups. Correlation between grade of DR with serum biomarkers,
retinal hemorrhage, and HbA1c was analyzed by Spearman’s rank correlation.

Results

Patient characteristics

Of 118 participants, a total of 43 participants (83 eyes identified with DR)
fulfilled the study inclusion and exclusion criteria and were included into
the clinical trial. Of these, 21 participants (41 eyes identified with DR) were
randomized to the Tocovid group and 22 participants (42 eyes identified with
DR) to the placebo group. All participants completed the study duration with
no dropouts recorded. All participants and eyes were included for analysis. The
flow diagram of participants is shown in Figure 3.
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Fig. 3. Flow diagram of participants.

The baseline characteristics of the participants are illustrated in Table 1. The
mean participant age was 61.51 + 1.25 years; 74.4% were male. In terms of
ethnicity, 53.5% of the subjects were Malay, 14% were Chinese, and 32.6% were
Indian. Both the intervention and control group had statistically similar distri-
butions in age, gender, and ethnicity (p > 0.05). The mean duration of T2DM was
18.28 + 8.28 years and there was no significant difference (p = 0.694) between
intervention and control group. Both groups also had statistically similar
prevalence (p = 0.057) of smoking status. The median (interquartile range, IQR)
compliance was 0.98 (0.06) and 0.95 (0.18) in the placebo and Tocovid group,
respectively, with no statistical differences between both groups (p = 0.123).

Baseline ophthalmic parameters and analytes

The baseline ophthalmic parameters and analytes of the participants are illus-
trated in Tables 2 and 3, respectively. There were no significant differences in
baseline ophthalmic parameters including retinal hemorrhage and grade
of DR between intervention and control groups. No statistically significant
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Table 1. Baseline characteristics of the study population

:;“alrticipants Control Intervention PUalue
(n=43) (n=22) (n=21)
Gender (n, %):
Male 32(744) 15 (68.2) 17 (81) 0.337
Female 11 (25.6) 7(31.8) 4(19)
Race (n, %):
Malay 23 (53.5) 12 (54.5) 11(52.4) 0.165
Chinese 6 (14) 5(22.7) 1(4.8)
Indian 14 (32.6) 5(22.7) 9(42.9)
Smoking status (n, %)
Non-smoker 23 (54.8) 11 (50) 12 (60) 0.057
Current smoker 6(14.3) 1(4.5) 5(25)
Ex-smoker 13 (31) 10 (45.5) 3(15)
Age (years)* 61.51+1.25 63.14+8.59 | 59.81 £7.60 0.187
Duration of T2DM (years)* | 18.28+8.28 | 18.77+7.20 | 17.76 +9.44 0.694
Compliance** 0.96 (0.11) 0.98 (0.06) 0.95(0.18) 0.123

T2DM: type 2 diabetes mellitus

*Data presented as mean + standard deviations.
**Data presented as median (interquartile range).
Data not significant at p > 0.05.
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Table 2. Baseline ophthalmic parameters of Tocovid and placebo groups

Right eye Left eye
(n=41) (n=42)
Placebo | Tocovid | p-Value | Placebo | Tocovid | p-Value
(n=21) | (n=20) (n=22) | (n=20)
Grade of DR (n, %) 0.662 0.637
NDR 3(14.3) 4(9.8) 3(13.6) 1(5.0)
Mild NPDR 10 (47.6) | 5(12.2) 10 (45.5) | 8(40.0)
Moderate NPDR 6(28.6) | 8(19.5) 6(27.3) | 7(35.0)
Severe NPDR 1(4.8) 1(24) 2(9.1) 1(5.0)
PDR 1(4.8) 2(4.9) 1(4.5) 3(15.0)
Retinal hemor- 0.74 £ 1.01 £ 0.398 0.78 £ 0.99 + 0.532
rhage (DA)* 0.84 1.10 0.94 1.16

DA: disc area; NDR: no diabetic retinopathy; NPDR: non-proliferative diabetic retinopathy; PDR:
proliferative diabetic retinopathy

*Data presented as mean + standard deviations.

Data not significant at p > 0.05.
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Table 3. Baseline analytes of Tocovid and placebo groups

Placebo Tocovid Value
(n=22) (n=21) P

HbA1c (%) 8.69+1.74 9.38 +£2.05 0.240
Blood pressure

SBP (mmHg) 136.84 + 13.85 134.75 + 18.06 0.671
DBP (mmHg) 77.09 £ 8.71 75.38 +8.67 0.522
BMI (kg/m2) 27.58 +4.23 28.11+4.19 0.677
Safety tests

Urea (mmol/L) 6.10 £4.53 6.14 +£3.62 0.372
Creatinine (umol/L) 108.05 £52.52 111.28 £51.23 0.839
eGFR (ml/min/1.73m2) 68.23 + 26.68 67.81+22.98 0.956
Total chol (mmol/L) 449 +£1.11 4.62+0.94 0.675
HDL (mmol/L) 1.18 £0.21 1.18 £0.25 0.972
AST (IU/L) 20.27 £12.31 2548 +10.70 0.148
ALT (IU/L) 21.50 + 14.68 2795+ 14.86 0.160
Serum biomarkers

AGE (png/mL) 109.50 + 140.02 117.06 + 167.85 0.874
SRAGE (pg/mL) 978.82 £516.85 1261.53 +£869.54 | 0.199
Ne-CML (ng/mL) 1.91+£238 2.04+2.41 0.859
Cystatin C (ng/mL) 1835.25 + 958.60 2113.26 £897.79 0.333

AGE: advanced glycation end product; ALT: alanine aminotransferase; AST: aspartate

aminotransferase; BMI: body mass index; DA: disc area; DBP: diastolic blood pressure; eGFR:
estimated glomerular filtration rate; HbA1c: hemoglobin A1c; HDL: high density lipoprotein;
NDR: no diabetic retinopathy; Ne-CML: N-epsilon carboxymethyl lysine; NPDR: non-proliferative
diabetic retinopathy; PDR: proliferative diabetic retinopathy; SBP: systolic blood pressure; SRAGE:
soluble receptor for AGE; Total chol: total cholesterol

All values are presented as means + standard deviations.

Data not significant at p > 0.05.
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differences were observed for baseline analytes such as HbA1c, blood pressure,
BMI, biomarkers AGE, sRAGE, Ne-CML, and cystatin C. In addition, there were
no significant differences in baseline safety tests, including renal profile, lipid
profile, and liver enzymes between both groups.

Changes in metabolic, ophthalmic, biomarkers, and safety test parame-
ters after 8 weeks of placebo and Tocovid

Table 4 compares the treatment changes between placebo and Tocovid group at
the end of 8 weeks while controlling for the respective baseline values. Tocovid
significantly reduced retinal hemorrhage in the right eye (-0.24 DA + 0.11, p =
0.038). While there was reduction in intraretinal hemorrhage in the left eye in
both groups, the mean difference was not significant (p = 0.498) between both
groups. However, the improvement in retinal hemorrhage did not correspond
to significant changes (p = 0.05) in level of ETDRS grading of DR between both
groups (Table 5).

For liver enzymes, Tocovid significantly improved AST compared to placebo
(-8.01 IU/L + 2.56, p = 0.003). In addition, ALT was significantly reduced in Tocovid
compared to placebo (-6.01 IU/L £ 2.00, p = 0.005). There was, however, no signif-
icant difference in biomarkers AGE, sRAGE, Ne-CML, and cystatin C between the
Tocovid and placebo groups. In addition, no significant differences (p > 0.05) were
found in HbA1c, mean blood pressure, BMI, and safety tests including renal and
lipid profile between both groups after 8 weeks of supplementation with either
Tocovid or placebo.

Correlation between grade of DR with retinal hemorrhage and serum
biomarkers

Correlation analysis between grade of DR with retinal hemorrhage and serum
biomarkers are presented in Tables 6 and 7. At baseline, there was a highly signif-
icant, strong positive correlation between grade of DR and retinal hemorrhage
in both eyes (right eye: r = 0.676, p < 0.001; left eye: r = 0.772, p < 0.001). The
same finding was found at the end of the study. At the 8-week trial period, there
was still a highly significant, strong positive correlation between grade of DR
and retinal hemorrhage in both eyes (right eye: r = 0.773, p < 0.001; left eye: r =
0.708, p < 0.001). These highly significant results indicated that the area of retinal
hemorrhage was significantly higher in subjects with increasing severity of DR, as
assessed by ETDRS grading.

In addition, at baseline and at the end of the study there was a significant, weak
positive correlation between grade of DR in the right eye and serum Ne-CML
(baseline: r = 0.342, p = 0.028; end of study: r = 0.379, p = 0.015). However, this
correlation was not seen in the left eye. In addition, no significant differences
between biomarkers AGE, RAGE, and cystatin C and grades of DR were found.
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Table 4. Adjusted changes in metabolic, ophthalmic, biomarkers, and safety test parameters after

8 weeks of placebo and Tocovid

Placebo Tocovid N!ean
Parameters (n=22) (n=21) difference p-Value
(95% Cl)
Retinal hemorrhage (DA)
Right eye
Left eye 0.61 £0.08 0.37 £0.08 -0.24 £ 0.11 0.038*
0.50 £ 0.08 0.58 £0.09 0.09+0.12 0.498
HbA1c (%) 8.80+0.17 8.67+0.18 -0.13+0.25 0.605
Blood pressure (mmHg)
SBP 131.65+2.08 | 133.48+2.12 1.83+£297 0.542
DBP 74.78 £ 1.98 76.37 £2.02 1.59+283 0.578
BMI (kg/m?) 27.67 £0.24 28.17 £0.24 0.50+0.34 0.150
Serum biomarkers
AGE (png/mL) 9247 +£27.76 | 79.09+29.18 | -13.53+40.28 | 0.739
SRAGE (pg/mL) 1293.27 + 1247.49 + -45.78 = 0.837
152.87 156.54 221.01
Ne-CML (png/mL) 1.53+£0.40 1.64 £ 0.41 0.11+£0.57 0.850
Cystatin C (ng/mL) 2019.80 £ 2156.09 + 136.29 = 0.585
172.16 176.26 247.81
Safety tests
Urea (mmol/L) 6.44 +0.29 6.45+0.30 0.00 + 0.42 0.997
Creatinine (umol/L) 108.45+243 | 107.69+2.50 | -0.77 +3.48 0.827
eGFR (ml/min/1.73m2) 68.86 + 1.66 69.34+1.70 0.49+2.38 0.839
Total chol (mmol/L) 447 +0.13 4.59+0.13 0.12+0.18 0.515
HDL (mmol/L) 1.12+0.03 1.13+0.03 -0.043+£0.04 | 0.239
AST (IU/L) 2596 +1.77 17.95+1.81 -8.01+£2.56 0.003*
ALT (1U/L) 27.47 £1.38 2146 +1.41 -6.01 +2.00 0.005*

AGE: advanced glycation end product; ALT: alanine aminotransferase; AST: aspartate
aminotransferase; BMI: body mass index; DA: disc area; DBP: diastolic blood pressure; eGFR:
estimated glomerular filtration rate; HbA1c: hemoglobin A1c; HDL: high density lipoprotein;
NDR: no diabetic retinopathy; Ne-CML: N-epsilon carboxymethyl lysine; NPDR: non-proliferative
diabetic retinopathy; PDR: proliferative diabetic retinopathy; SBP: systolic blood pressure; SRAGE:
soluble receptor for AGE; Total chol: total cholesterol

All values are presented as means + standard errors of mean.
Data adjusted for baseline values.

*Significant at p < 0.05.
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Table 5. Progression and regression of diabetic retinopathy after 8 weeks of placebo and Tocovid

Right eye (n =41)

Left eye (n =42)

Placebo | Tocovid | OR Value Placebo | Tocovid | OR Value
(n=21) | (n=20) | (95% Cl) P (n=22) | (n=20) | (95%CI) P
Improvement in
grade (n, %)
1 level 4(19) 1(5) 0.22(0.02, 2.20) 0.343 8(36.4) 6 (30) 0.75(0.21,2.73) | 0.750
2 levels 0 1(5) - 0.476 0 0 - -
Deterioration in
grade (n, %)
1 level 1(4.8) 3(15) 3.53(0.34,37.15) | 0.343 2(9.1) 1(5) 0.526 (0.04,6.3) | 1.000
2 level 0 1(5) - 0.488 0 0 - 0

Data not significant at p > 0.05.
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Table 6. Correlation between grade of DR with retinal hemorrhage and serum biomarkers at baseline

Right eye, Left eye, HbA1c
Baseline parameters Grade of DR Grade of DR

Correlation, r p-Value | Correlation, r p-Value Correlation, r p-Value
Retinal hemorrhage 0.676 0.000** 0.772 0.000%**
(DA)
HbA1c 0.309 0.049* 0.283 0.073 - -
Serum biomarkers
AGE (ug/mL) 0.148 0.361 0.153 0.339 0.246 0.117
sRAGE (pg/mL) 0.123 0.444 0.173 0.274 0.361 0.017*%
Ne-CML (ug/mL) 0.342 0.028* 0.232 0.139 0.055 0.780
Cystatin C (ng/mL) 0.064 0.693 0.132 0.406 0.078 0.617

AGE: advanced glycation end product; DA: disc area; HbA1c: hemoglobin A1c; Ne-CML: N-epsilon carboxymethyl lysine; sRAGE: soluble

receptor for AGE
*Significant at p < 0.05.
**Significant at p < 0.001.
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Table 7. Correlation between grade of DR with retinal hemorrhage and serum biomarkers at the end of the study

End of study Right eye, Left eye, HbA1c
parameters Grade of DR Grade of DR

Correlation, r p-Value Correlation, r p-Value Correlation, r p-Value
Retinal hemorrhage (DA) | 0.773 0.000** 0.708 0.000** - -
HbA1c 0.283 0.073 0.313 0.044 - -
Serum biomarkers
AGE (ug/mL) 0.179 0.276 0.204 0.207 -0.201 0.207
SRAGE (pg/mL) -0.017 0.915 -0.092 0.563 0.214 0.167
Ne-CML (ug/mL) 0.379 0.015* 0.252 0.108 0.113 0.472
Cystatin C (ng/mL) -0.140 0.383 -0.004 0.978 0.142 0.362

AGE: advanced glycation end product; DA: disc area; HbA1c: hemoglobin A1c; Ne-CML: N-epsilon carboxymethyl lysine; sSRAGE: soluble

receptor for AGE
*Significant at p < 0.05.
**Significant at p < 0.001.
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Lastly, there was a borderline significant, weak positive correlation between
grade of DR in the right eye and HbA1c at baseline (r=0.309, p = 0.049). However,
the correlation between grade of DR and HbA1c was neither seen at the end of
the study or in the left eye. At baseline, biomarker sRAGE also showed a signif-
icant weak positive correlation with HbA1c (r = 0.361; p = 0.017). However, this
same correlation was not seen at the end of the 8-week trial period. Otherwise,
our findings showed no significant correlation between biomarkers and HbA1c.

Discussion
This clinical study shows that 8-week supplementation with Tocovid compared
to placebo significantly improved the area of retinal hemorrhage in the right eye
in patients with DR (Table 2). To the best of our knowledge, this is a new finding,
as there are articles describing the benefits of tocotrienol in improving oxidative
stress and other metabolic parameters, but literature on its role in DR is limited. In
fact, only two animal studies suggest tocotrienol as a potential retinoprotective
agent and an inhibitor of angiogenesis.'>'® This finding suggests the potential
role of tocotrienol as a safe and non-invasive adjunct to the current management
of DR. This is particularly important because, other than good glycemic control,
treatment options for DR, which include photocoagulation, intraocular injections
with antivascular endothelial growth factor, and surgery, are quite limited, costly,
and can be debilitating.3®

The novel technique to quantify area of retinal hemorrhage from digital retinal
photographs was developed and performed to assess the disease severity of DR
in addition to the established conventional ETDRS grading. This is because the
natural history and progression of DR spans many years and by reverse inference,
any changes in the grade of DR by Tocovid may only become apparent after a
considerable amount of time.3*4° Hence, with the help of modern technology and
high-resolution displays, this new technique was developed to accurately identify
and quantify areas of retinal hemorrhage on the digital retinal photographs at
zoomed-in views. This includes very early changes in the retina including small
areas of hemorrhage which would normally remain unnoticed to the naked eye
of the assessor (Fig. 2b). In order to establish the validity of this technique, correla-
tion analysis between the area of retinal hemorrhage and gold-standard ETDRS
grading of DR was performed. There was a highly significant (p < 0.001) strong
positive correlation between area of retinal hemorrhage and grade of DR in both
right and left eyes at baseline and at 8 weeks post-intervention (Tables 6 and 7).
This strong correlation endorses the validity of this new technique as an alterna-
tive method of assessing disease severity of DR.

However, if retinal hemorrhage strongly correlated with the grade of DR and if
Tocovid was able to significantly reduce retinal hemorrhage, why was Tocovid not
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able to cause a corresponding change to the grade of DR? This is because, other
than retinal hemorrhage, there are other components such as exudates, venous
beading, and neovascularization involved in the ETDRS grading of DR.* As previ-
ously mentioned, the pathogenesis of DR spans years. Thus, a longer treatment
period with Tocovid would likely be needed for an effect to these other compo-
nents to occur, thereby allowing a change to the ETDRS grade of DR. On the same
account, a longer treatment duration is likely required for a significant improve-
ment in retinal hemorrhage to occur in both eyes due to the protracted nature of
DR. Therefore, while the findings of this study report a potential breakthrough in
the treatment of DR, more extensive and lengthy research should be conducted
to affirm this finding.

In addition, the results of this study demonstrate that 8 weeks of Tocovid
supplementation compared to placebo caused a significant improvement in liver
enzymes AST and ALT (Table 4). A literature review on this subject matter reveals
an increasing interest in tocotrienol and its role as a hepatoprotective agent.
Animal studies have shown that tocotrienols are preferentially distributed to the
liver*" Here, it acts as an antioxidant by reducing lipid peroxidation as well as an
anti-inflammatory agent by the inhibition of the NF-kB pathway, thereby attenu-
ating steatosis in the liver.*! Further clinical studies demonstrate the role of tocot-
rienol in improving liver conditions, including reduced liver echogenicity*> and
liver stiffness® in patients with non-alcoholic fatty liver disease (NAFLD). NAFLD
is associated with metabolic syndrome, which includes DM, hypertension, and
obesity, which are very relevant in our patient cohort.* Other than controlling for
risk factors, there is no specific pharmacologic treatment available for NAFLD.*
Hence, it would be worthwhile for further investigation to be conducted to verify
the benefits of tocotrienol on the liver and if it would be a suitable pharmacolog-
ical treatment for NAFLD.

However, the results of this trial report no significant improvement in serum
biomarkers AGE, sSRAGE, Ne-CML, and cystatin Cas well other parametersincluding
HbA1c, blood pressure, BMI, total cholesterol, and HDL-cholesterol despite
8-weeks of high-dose Tocovid (Table 4). This is in contrast to previous studies
that reported an improvement in AGE and oxidative stress as well as glycemic
and metabolic parameters as early as 2 months.>'>'” The lack of effect of Tocovid
may be attributed to our study criterion, which required T2DM patients with DR,
a complication which conventionally takes years of poor glycemic control to
develop. The mean duration of T2DM of our participant pool at 18.28 years + 8.28
years was significantly longer than previous studies which recruited participants
or animal models with newly diagnosed DM. Studies report that tissues glycated
during chronic hyperglycemia can persist in diabetic organs and cause harm for a
protracted duration of time.*¢
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The DCCT and UKPDS trials, which showed the importance of tight glycemic
control in reducing diabetic-related complications, had recruited patients with
newly diagnosed DM. When both trials ended, the patients were followed up for
another 10 years. The post-trials showed that, despite achieving similar glycemic
control for the next 10 years, patients who were formerly in the control group still
had significantly higher rates of diabetic-related complications.?>?* Interestingly,
the Action in Diabetes and Vascular Disease (ADVANCE), Veteran Administrations
Diabetes Trial (VADT), and Action to Control Cardiovascular Risk in Diabetes
(ACCORD) trials also reported that intensive glycemic control had minimal effect
in preventing diabetes complications. These three trials had recruited patients
with long-standing DM at 8, 10, and 11.5 years respectively.*’** Hence, it can
be inferred that chronic hyperglycemia had caused sustained harm or a bad
“metabolic memory” In other words, even after glucose normalization, there
was persistent diabetic vascular stress which led to complications and caused
the patients to be refractory to treatment.>*' Thus, the previous studies were
able to show improvement in AGE and metabolic parameters of DM because
metabolic memory had yet to develop and the effects of chronic hyperglycemia
could still be reversed. In our study, chronic exposure to hyperglycemia had
led to formation of metabolic memory, causing the lack of treatment effect of
tocotrienol.

However, tocotrienol had nonetheless, significantly improved retinal hemor-
rhage and liver enzymes. This suggests an alternate pathway used by tocotrienol
to improve these parameters. More extensive research is warranted to investi-
gate this pathway.

On another note, the results of our trial show that serum levels of biomarker
Ne-CML significantly correlates with the presence and progressive severity of DR
of the right eye at baseline and at the end of the 8-week treatment period. In
addition, the levels of Ne-CML did not correlate with HbA1c, indicating that it is
an independent predictor of DR. This positive correlation between Ne-CML and
DR is congruent with other similar cross-sectional studies.?>?%2% This finding is
potentially important as current diagnosis of DR is conducted by either of two
techniques: traditional ophthalmoscopic examination, which has a wide sensi-
tivity of 27-82% depending on the training background of the examiner, or
retinal photography and grading, which has better sensitivity of 87-100% and
specificity of 83-96% but requires equipment and manpower, thus limiting the
populace that can be effectively screened.*? Hence, it would be of great signif-
icance if a simple blood test for a biomarker such as Ne-CML can be identified
to aid in the diagnosis of DR, rather like how brain natriuretic peptide (BNP) is
used as an indicator of heart failure in replacement of physical examination and
echocardiography.®
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One of the limitations of this study is its small sample size. Only 43 subjects out
of the intended 52 required for an adequate sample size were recruited due to
financial limitations. This may have reduced the statistical power of the study and
therefore, the lack of effect of Tocovid compared to placebo on the outcomes of
the study. Moreover, the treatment duration of 8 weeks was likely too short for
most changes, especially long-lasting biomarkers and ophthalmic parameters, to
take into effect. Future studies with a longer treatment duration are warranted.
Another limitation is the long duration of T2DM among the recruited participant
cohort. Although DR takes years of poor glycemic control to develop, future
studies directed at newly diagnosed DR patients should be considered. Finally,
measurement of baseline and end of study vitamin E is warranted for future
studies to negate the potential confounding effects of vitamin E on the study
results.

Conclusion

In conclusion, 8 weeks of Tocovid supplementation was able to improve the area
of retinal hemorrhage and liver enzymes ALT and AST, suggesting its role as an
adjunct to the current treatment of DR and possibly NAFLD. The novel method
of quantifying retinal hemorrhage strongly correlated with grade of DR and can
potentially be used to identify early changes in the retina in response to treat-
ment. Serum Ne-CML was found to correlate with grade of DR independent of
HbA1c levels. This indicates its potential role as a biomarker for DR.
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