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Introduction

Background: Diabetic retinopathy (DR) is a major cause of visual impairment or
blindness among working-age adults worldwide. For years, researchers around the
world have been trying to develop new effective pharmaceutical methods of treatment

for preclinical and early DR.

Purpose: To examine the effect of a one-month course of Vasavital on the function of
the visual system and ocular hemodynamics (using ophthalmic rheography) in patients
with non-proliferative and proliferative diabetic retinopathy (NPDR and PPDR,
respectively).

Material and Methods: Forty-seven type 2 diabetes patients with DR and moderate
glycemic control were divided into those with NPDR (group 1 of 15 patients; 30 eyes) and
those with PPDR (group 2 of 17 patients, 34 eyes). The control group was composed of 15
volunteers (30 eyes) of similar age having no systemic or eye disease. Patients received
a one-month course of Vasavital-only therapy at a dose of one capsule twice a day as
an outpatient treatment. They received visual acuity assessment, intraocular pressure
measurement, ophthalmoscopy, biomicroscopy, perimetry, systemic blood pressure and
pulse measurement, optical coherence tomography and fluorescein angiography, and
ocular hemodynamics was assessed by ophthalmic rheography. Eleven patients (22
eyes) with NPDR and ten patients (20 eyes) with PPDR underwent electrophysiological
studies of electrically evoked phosphene threshold (EEPT) and critical frequency of
phosphene disappearance (CFPD), before and after a course of Vasavital treatment.
Results: Patients reported that a one-month course of Vasavital was well-tolerated,
with no new complaints. In addition, no side effects were observed. After treatment, the

function of the photopic afferent system as assessed by light sensitivity at minutes 0 to

7 of adaptation improved by 33.3%-40% in patients with NPDR and by 27.2%-33.3%
in patients with PPDR. In addition, there was a decrease in EEPT by 18% and 7.7%,
respectively, and an increase in CFPD by 28.2% and 24.7%, respectively, for patients in
groups 1 and 2. Moreover, ocular pulse blood filling improved by 27.7% in patients with
NPDR and by 17.3% in patients with PPDR, and vascular tone in large-caliber vessels
decreased by 8% in the former patients.

Conclusion: A one-month Vasavital course administered to patients with DR had a
positive effect on the visual system function and ocular circulation parameters, which
provides grounds for the use of the Ginkgo biloba-based preparation as a monotherapy
or as part of a combined treatment for initial functional changes in the visual system in
DR.

The prevalence of diabetes had been steadily increasing
for decades, and, globally, an estimated 422 million adults
were living with diabetes in 2014 [1]. The number of
people living with diabetes is expected to increase to 578
million in 2030 and 700 million in 2045 [2]. Therefore,
diabetes prevention, improving the opportunities for
early diagnosis, sustaining the lifestyle changes needed
to reduce risk, and presenting grounds for pharmaceutical
interventions aimed at preventing or delaying the
progression or reversing the complications of diabetes are
essential [1, 2].

Diabetic retinopathy (DR) is a major cause of visual
impairment or blindness among working-age adults
worldwide [3, 4]. A study has provided the first global
estimate of DR and, more important, the two sight-
threatening end points (proliferative DR and diabetic
macular edema), and reported that 35% of people with
diabetes had some form of DR, and that 10% were affected
by vision-threatening stages of DR [5].

© Khramenko N. I., Umanets M. M., Medvedovska N. V.,
Levytska G. V., Rozanova Z. A., 2022

24


http://doi.org/10.31288/oftalmolzh202232431

ISSN 0030-0675. Journal of Ophthalmology (Ukraine) - 2022 - Number 3 (506)

The development of DR is associated with sustained
metabolic disorders caused by hyperglycemia and increased
levels of inflammatory cytokines (like vascular endothelial
growth factor (VEGF) and tumor necrosis factor (TNF)-a
and B) in the blood. Systemic inflammation caused by these
metabolic alternations leads to hemodynamic changes,
blood-retinal barrier (BRB) damage, the leakage of retinal
microvessels and edema, a gradual thickening of the retinal
vascular basement membrane, a loss of pericytes, and the
development of microaneurysms. These structural and
functional alterations are accompanied by microvascular
occlusion, neovascularization and neurodegeneration.
Oxidative stress is thought to be one of the crucial factors
in the pathogenesis of DR. Abnormal metabolism induced
by hyperglycemia can result in the overproduction of
free radicals such as hydroxyl and superoxide radicals,
which are known as reactive oxygen species (ROS). The
imbalance between ROS production and the antioxidant
defense system activates several oxidative stress-related
mechanisms that promote the pathogenesis of DR [6, 7].

Bungau and colleagues [8] searched PubMed and Web
of Science databases for original studies investigating
the benefits of different carotenoids and polyphenols
in age-related ophthalmic diseases (including DR),
and found that some polyphenols several polyphenols
(such as anthocyanins, Ginkgo biloba, quercetin, and
resveratrol) and carotenoids (such as lutein, zeaxanthin,
and mezoxanthin) have shown significant preventive and
therapeutic benefits against the aforementioned conditions.
The beneficial effects of polyphenols include: scavenging
free radicals, reducing the formation of glycation end
products, inhibiting aldose reductase, ameliorating
inflammation, and improving ocular blood flow and signal
transduction [9].

While looking for novel effective and safe agents for
the treatment of mild DR, we considered Vasavital®, a
preparation composed of Ginkgo biloba leaf extract, a set
of vitamins and bee pollen pellet. Each Vasavital® capsule
contains 40 mg of standardized extract of Ginkgo biloba
leaves, 60 mg of bee pollen pellet, and a set of vitamins
(thiamine, 1 mg; riboflavin, 1 mg; pyridoxine, 1 mg;
ascorbic acid, 30 mg; rutin, 20 mg; and nicotinic acid, 17
mg).

Ginkgo biloba extract (GBE) contains a group of
ginkgo flavone glycosides and terpenoids. It is well
known that GBE has an antioxidant action as a free radical
scavenger, and an anti-inflammatory effect suppressing
the production of active oxygen and nitrogen species.
It inhibits the increase in the products of the oxidative
decomposition of low-density lipoprotein (LDL), reduces
the cell death in various types of neuropathy, and prevents
the oxidative damage to mitochondria, suggesting that its
beneficial effects on neurodegenerative diseases are related
to prevention of chronic oxidative damage [10].

Our preliminary experience with the use of Vasavital®
has demonstrated its beneficial effect on visual function
and ocular hemodynamics in dry age-related macular
degeneration and ischemic optic neuropathy [11].

Because Vasavital® had wvarious pharmaceutical
effects, and given our previous positive clinical experience
of its use against the eye disease with basic ischemic
process, we decided to assess the therapeutic effect of a
course of Vasavital® in patients with non-proliferative and
proliferative DR.

The purpose of the study was to examine the effect
of a one-month course of Vasavital on the function of
the visual system and regional hemodynamics (using
ophthalmic rheography) in patients with non-proliferative
and proliferative diabetic retinopathy.

Material and Methods

Forty-seven patients with DR underwent examination
and received medical advice at the Department of
Vitreoretinal Surgery and Laboratory for Functional
Examination of the Visual System of the Filatov Institute.
These patients were divided into those with non-
proliferative DR (NPDR; group 1 of 15 patients; 30 eyes)
and those with pre-proliferative DR (PPDR; group 2 of 17
patients; 34 eyes).

Both eyes of all patients with NPDR had ischemic
hemorrhagic retinopathy. In addition, of the eyes with
NPDR, 4 had maculopathy, and 10, diffuse macular edema.
Of the eyes with PPDR, 6 had ischemic hemorrhagic
retinopathy, and 28, exudative hemorrhagic retinopathy.
In addition, of the eyes with PPDR, 5 had focal macular
edema, 27, diffuse macular edema, and 2, complicated
macular edema as per the 2009 Pasyechnikova and
Naumenko’s classification [12].

The mean patient age was 66.8 years = 6.8 (standard
deviation). All patients had type 2 diabetes with moderate
glycemic control. The mean diabetes duration was 10.6
years = 5.6 (standard deviation) and blood glucose level
ranged from 7.7 mmol/L to 9.9 mmol/L. Systolic blood
pressure ranged from 130 to 150 mm Hg and diastolic
blood pressure from 80 to 90 mm Hg.

The control group was composed of 15 volunteers (30
eyes) of similar age having no systemic or eye disease.

Patients received a one-month course of Vasavital-only
therapy at a dose of one capsule twice a day as an outpatient
treatment. They received visual acuity assessment,
intraocular pressure measurement, ophthalmoscopy,
biomicroscopy, perimetry, systemic blood pressure and
pulse measurement, optical coherence tomography and
fluorescein angiography, and ocular hemodynamics was
assessed by ophthalmic rheography.

Eleven patients (22 eyes) with NPDR and ten patients
(20 eyes) with PPDR underwent electrophysiological
studies, including studies of electrical sensitivity of the
visual system (electrically evoked phosphene threshold,
EEPT), lability of the optic nerve (critical frequency of
phosphene disappearance, CFPD), and light sensitivity
of the photopic afferent system (by adaptometry), before
and after a course of Vasavital treatment. Patients reported
their complaints prior to and after a one-month course of
Vasavital-only therapy.
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Electrical sensitivity of the optic nerve (EEPT) and
lability of the optic nerve e (CFPD) were assessed using
electric phosphene stimulation with a KNSO-2 apparatus
(FOSFEN, Odesa, Ukraine). EEPT was assessed after
light adaptation at 1 minute of darkness adaptation. A
tip electrode connected both to the current generator and
the plate electrode was applied onto the closed eyelid.
A patient was exposed to single 10-ms current pulses of
increasing current strength until phosphene perception
was achieved, and, in this way, an EEPT value was
obtained. Thereafter, current strength was increased to
300% or 150% of phosphene threshold, the patient was
exposed to current pulses of increasing frequency (10 Hz
to 60 Hz) until flickering phosphenes disappeared, and the
frequencies obtained in this way were recorded as CFPD3
and CFPDL1.5, respectively [13]. The normal values
determined at the Laboratory for Functional Examination
of the Visual System and stated in the Ponomarchuk’s
monograph [13] were used as normal EEPT, CFPD3 and
CFPDL1.5 values in this paper.

Patients underwent ophthalmic rheography (ORG)
with Reocom (KHAI-Medika, Kharkiv, Ukraine), the
computerized rheography apparatus, with its operation
based on the principle of impedancemetry. ORG included
measurements of ocular pulse blood filling (OPBEF,
expressed as RQ, %o rheographic coefficient) and vascular
tone (expressed as alpha/T percentage index). Vascular
tones in large-caliber vessels and small-caliber vessels
were determined using high-frequency and low-frequency
characteristics of the differential ROG curve. Volumetric
ocular blood flow velocity was determined for the rising
portion of ROG curve and assessed in Ohm per second.

Light sensitivity was assessed with a semiautomatic
adaptometer during a 10-minute session that included 3
minutes of light adaptation (luminance, 1200 cd/m2) and 7
minutes of dark adaptation (with luminance adjusted from
2x10 — 8 cd/m2 mo 7.0 cd/m2), and measurements were
performed at baseline and at minutes 2, 4, 6 and 7 of the
dark adaptation period.

The study was conducted in accordance with applicable
local laws and the principles stated in the Declaration of
Helsinki, the European Convention on Human Rights and
Biomedicine. Written informed consent was obtained from
all participants of the study.

Statistical analyses were conducted using Statistica 8.0
(StatSoft, Tulsa, OK, USA) software. Data are presented
as mean (M), error of mean (m), and standard deviation
(SD). A pairwise comparison was performed by using the
paired Wilcoxon signed-rank test.

Results

Patients reported that a one-month course of Vasavital
was well-tolerated, with no new complaints. In addition,
no side effects were observed.

Prior to this treatment, best-corrected visual acuity
(BCVA) in patients of group 1 and group 2 was 0.64 +
0.45 and 0.53 £ 0.43, respectively. A one-month course of
Vasavital resulted in no substantial change in visual acuity.

Photopic light sensitivity was assessed through
the determination of light sensitivity thresholds. Low-
threshold photic stimulation (or the absolute light
threshold) is the weakest photic stimulation that causes
light perception. Absolute light threshold or minimum
threshold is the minimum light stimulation causing light
perception. The reciprocal of the absolute light threshold
characterizes the light sensitivity. Light perception is
preformed at the retinal photosensor level. Visual pigment
molecules in photoreceptor outer segments absorb light
quanta and undergo decomposition to ensure a sequence of
photochemical, electrical, ionic and enzymatic processes.
When retinal architectonics is impaired and/or ischemic
process or metabolic starvation occurs, light sensitivity,
one of the oldest and major functions of the visual system,
becomes the most sensitive to changes in tissue blood
supply.

After a course of Vasavital treatment, photopic light
sensitivity of patients with NPDR significantly improved.
At minute 2 of adaptation, there was a twofold increase in
photopic light sensitivity threshold compared to baseline
values, and this increase was statistically significant (p
< 0.05; Table 1). In addition, at minutes 4, 6 and 7 of
adaptation, photopic light sensitivity threshold increased
40% (p < 0.05), 33% (p < 0.05), and 33% (p < 0.05),
respectively, compared to baseline measurements (Table
D).

Pretreatment photopic light sensitivity threshold
values were two-fold to 7.1-fold decreased compared to
controls (p < 0.05; Table 1). After treatment, photopic
light sensitivity threshold values for patients with NPDR
significantly improved, but were 1.5-fold to 3.6-fold
decreased compared to controls (p < 0.05; Table 1).

After a course of Vasavital treatment, photopic light
sensitivity of patients with PPDR increased twofold (p <
0.05) at minute 2, 28.5% (p < 0.05) at minute 4, 33.3% (p
< 0.05) at minute 6, and 27.2% (p < 0.05) at minute 7 of
adaptation (Table 2). Pretreatment photopic light sensitivity
threshold values for patients with NPDR were 2.2-fold to
7.1-fold decreased compared to controls (p < 0.05; Table
2). After treatment, photopic light sensitivity threshold
values for patients with PPDR significantly improved, but
were 1.7-fold to 3.6-fold decreased compared to controls
(p <0.05; Table 2).

Prior to treatment, electrically evoked phosphene
threshold (EEPT) was 60.0 £ 1.3 pA for patients of group
1 and 65.5 = 2.5 pA for patients of group 2, which was
12.6% (p < 0.05) and 22.8% (p < 0.05), higher, compared
to controls, and this difference was significant (Table
3). After treatment, EEPT decreased by 18% (p < 0.05)
compared to baseline and became normal for patients of
group 1, and decreased by 7.7%% (p < 0.05) compared
to baseline but was 13% (p < 0.05), higher compared to
controls for patients of group 2 (Table 3). These post-
treatment changes in EEPT in patients of both groups
reflected an improved function of internal retinal layers
and visual pathway.
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In addition, after this treatment, critical frequency of
phosphene disappearance (CFPD3) for patients in group 1
and group 2 increased by 11 Hz (28.2%; p < 0.05) and 9.4
Hz (24.7%; p < 0.05), respectively (Table 3). Moreover,
after this treatment, CFPD3 for patients in group 1
normalized, and for patients in group 2, was 10% lower (p
< 0.05) than in controls (Table 3).

Critical frequency of phosphene disappearance reflects
the function of the axial bundle of the optic nerve. The
determination of CFPD with the current strength increased
to 300% 150% of phosphene threshold (i.e., CFPD1.5) is
considered a more sensitive method [13].

After treatment, CFPD1.5 for patients in group 1
did not change substantially, and for patients in group 2
increased by 4.5 Hz (35%; p < 0.05) (Table 3), indicating
that the function of the axial bundle of the optic nerve in
the former patients was rather good, and the conductivity
of the axial bundle of the optic nerve in the latter patients
improved. However, after treatment, CFPD1.5 for patients
in group 1 and group 2 was 13% lower (p < 0.05) and
25% lower (p < 0.05), respectively, compared to controls
(Table 3).

Therefore, our  electrophysiological studies
demonstrated that, after treatment, there was a decrease
in electrically evoked phosphene threshold by 18% and
7.7%, respectively, and an increase in CFPD by 28.2% and
24.7%, respectively, for patients in groups 1 and 2, and
an increase in CFPD1.5% by 35% for patients in group
2. This reflects an improved function of the inner retina
and the axial bundle of the optic nerve in both groups of
patients with treatment.

All patients underwent ophthalmic rheography study
before and after treatment to determine changes in their
ocular hemodynamics. In patients of group 1, OPBF
(expressed as RQ, %o rheographic coefficient) was 1.8 +
0.9%0 at baseline (which was 43.8% lower than in age-
matched normals, p < 0.05) (Table 4), and increased to
2.3 £ 0.6 %o (by 27.7%, p < 0.05) and was still lower
than in age-matched normals after a one-month course of
Vasavital (Table 4).

In patients of group 2, OPBF (expressed as RQ, %o
rheographic coefficient) was 2.3 + 0.7%o at baseline (which
was 28.1% lower than in age-matched normals, p < 0.05),
and increased by 17.3% (p < 0.05) after treatment (Table
5).

Vascular tone in large-caliber vessels (expressed as
alphal/T percentage index) decreased by 8% (p < 0.05)
in patients in group 1, and did not change substantially in
patients in group 2, after a one-month course of Vasavital.
Volumetric blood flow velocity tended to increase in all
groups after a course of Vasavital monotherapy.

Therefore, a course of treatment with Vasavital resulted
in improvement in visual system function and ocular
hemodynamics. The function of the photopic afferent
system as assessed by light sensitivity at minutes 0 to 7
improved by 33.3%-40% in patients with NPDR and by
27.2%-33.3% patients with PPDR. In addition, in the

former and latter patients, the function of the inner retina
and visual pathway as assessed by EEPT improved by
18% and 7.7%, respectively, and axial bundle conductivity
as assessed by CFPD improved by 28.2% and 24.7%,
respectively. Moreover, ocular pulse blood filling improved
by 27.7% in patients with NPDR and by 17.3% patients
with PPDR, and vascular tone in large-caliber vessels
(expressed as alphal/T percentage index) decreased by 8%
in the former patients.

Discussion

Various plant extracts and their therapeutic effects have
gained increased attention. GBE is an extract of leaves
of Ginkgo biloba, an ancient survivor. Commercially
available GBE consists of 60 bioactive compounds. In the
most widely used EGb 761 extract, the 2 major component
groups are flavonoids and terpenoids. Flavonoids
constitute 24% to 27% of the extract, examples of which
are biflavones, catechin derivatives, flavonol glycosides,
and 7% proanthocyanidins. Terpenoids make up 5% to
7% of the extract. The extract also contains alkylphenols
(ginkgolic acids) and organic acids [14,15].

Under normal physiological conditions, GBE
increases endothelial nitric oxide (NO) levels, leading to
vasodilation and an increase in blood flow. Additionally,
it upregulates gene expression, activating enzymes for NO
synthesis (eNOS) and modulating molecular pathways
that culminate in NO production [16]. GBE also decreases
endothelin-1, a molecule with vasoconstrictive properties,
and, systemically, GBE’s regulation of vasoactive
substances increases both systolic and diastolic peak
velocity measures [17].

Abnormal hemorheological properties contribute
to the development of microvascular diseases such as
microangiopathies seen in diabetes mellitus (DM). GBE
impacts the hemorheological properties of blood by
promoting erythrocyte deformability, and improving blood
viscosity. GBE has a strong fibrinolytic effect equivalent
to that of streptokinase, decreasing fibrinogen levels
important for clotting. These changes improve blood
perfusion, as shown by increased blood flow rates in the
retinal capillaries of patients with diabetic retinopathy by
altering hemorheological blood parameters [18].

Our ophthalmic rheography study demonstrated that
a one-month course of Vasavital monotherapy resulted in
(1) an increase in ocular pulse blood filling by 27.7% and
17.3%, respectively in patients with non-proliferative and
preproliferative diabetic retinopathy, and (2) a decrease in
vascular tone in large-caliber vessels by 8% in the former
patients.

Cytokines are major mediators of signal transduction
during the inflammatory cascade. GBE decreased
MIP-2 and MCP-1 cytokine levels, resulting in an anti-
inflammatory effect. Zhang and colleagues [19] showed
that GBE suppresses cytokine signaling 2, which further
suppressed the inflammatory response. GBE suppresses
PGE2 levels by downregulating cyclooxygenase-2
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(COX-2) expression, which is responsible for producing
prostaglandins from arachidonic acid [20].

Flavonoids have free radical scavenging activity
targeting reactive oxygen species (ROS). Terpenoids,
however, inhibit free radical release. Decreasing
circulating free radicals reduce lipid peroxidation,
erythrocyte malonaldehyde levels, decrease endothelial
adhesive properties, reducing membrane peroxidation,
while preserving its fluidity and integrity [21].

Ginkgo biloba L. is a source of quercetin, which
increases generation of antioxidants, thus inhibiting
oxidative stress. After balancing oxidation and anti-
oxidation, NO and eNOS bioavailability improved,
reducing inflammation, autophagy, and apoptosis, and
inhibiting the recruitment of monocytes by adhesion
factors, thereby protecting endothelial cell function. By
elevating high-density lipoprotein (HDL) cholesterol
absorption capacity, quercetin increased HDL anti-
oxidation and reduced lipid accumulation [22]. GBE is
a multifunctional neuroprotective agent and decreases
post-ischemia-reperfusion injury stress [23]. In addition,
GBE led to blocking the mitochondrial apoptotic pathway
[24]. The bilobalide and ginkgolide components of
GBE antagonize gamma-amino butyric acid and glycine
inhibitory receptors, inducing an overall excitatory effect.
Global excitation ultimately strengthens synapse formation
[25]. Flavonoids such as nicotiflorin, rutin, and quercetin
increased retinal ganglion cell survival rate [26].

In the diabetic retina, cellular changes in retinal
neurons occur before vision loss or diabetic retinopathy
can be identified clinically. Experimental animal studies
demonstrated that the amplitudes of visual evoked
potential recordings were significantly increased in alloxan
diabetic rats with GBE compared with the diabetics
[27], and in alloxan diabetic rats treated with GBE the
electroretinogram of the isolated retina had significantly
greater amplitude than that observed in untreated rats [28].

The current study demonstrated that, after treatment
with a course of Vasavital, the inner retinal and visual
pathway function as assessed by EEPT improved by 18%
and 7.7%, respectively, and axial bundle conductivity
as assessed by CFPD improved by 28.2% and 24.7%,
respectively, in patients with NPDE and PPDR.

GBE, a commonly used dietary supplement, has been
shown to act as an antioxidant and freeradical scavenger, a
membrane stabilizer, an inhibitor of the platelet-activating
factor, a vasodilator, and a regulator of metabolism. Today,
there exist a growing number of clinical studies on the
application of GBE in cardiovascular disease, peripheral
vascular disease and diabetic vascular complications [29].

The current study demonstrated that Vasavital
contributed to the improved function of the central retina
and fotopic afferent system in general, and the function of
the photopic afferent system as assessed by light sensitivity
at minutes 0 to 7 improved by 33.3%-40% in patients with
NPDR and by 27.2%-33.3% patients with PPDR.

Therefore, pharmaceuticals containing a combination
of vitamins and polyphenol compounds exert a metabolic
and antioxidant effect and improve the hemorheological
properties of blood, thus improving the capacity for
supplying blood to the visual tissue. One of such
pharmaceuticals is Vasavital®, which contains not only
GBE, but also a set of vitamins (thiamine, riboflavin,
pyridoxine, ascorbic acid, rutin, and nicotinic acid) and bee
pollen pellet. A one-month Vasavital course administered
to patients with DR had a positive effect on the function of
the visual system and ocular circulation parameters, which
provides grounds for the use of the Ginkgo biloba-based
preparation as a monotherapy or as part of a combined
treatment for initial functional changes in the visual
system in DR.
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Table 1. Photopic light sensitivity (PLS) values in logarithmic units at minutes O to 7 of adaptation in patients with non-prolif-
erative diabetic retinopathy (NPDR) before and after a course of Vasavital

_ PLS _ Before treatment (1) After treatment (2) age-nh:l:ta:h:zl:isr;oarls 3)
(minute of adaptation) n=22 n=22 n=16
0 -0.50 + 0.20# -0.10 + 0.10# 0.62£0.20
2 0.20 £ 0.10# 0.40 £ 0.10*# 1.42+0.20
4 0.50 + 0.05# 0.70 + 0.02*# 1.90 £ 0.09
6 0.90 + 0.10# 1.20 £ 0.07*# 2.12+0.09
7 1.20 £ 0.20# 1.60 £ 0.10"# 242 +0.11

Note: *, significant difference (p < 0.05) between post-treatment and baseline values; #, significant difference (p < 0.05) be-
tween the treatment group and age-matched normals

Table 2. Photopic light sensitivity (PLS) values in logarithmic units at minutes 0 to 7 of adaptation in patients with pre-
proliferative diabetic retinopathy (PPDR) before and after a course of Vasavital

) PLS _ Before trgatment (1) After treftment (2) age-m:::hzzhrjnisrr::;s 3)
(minute of adaptation) n=22 n=22 n=16
0 -0.60+0.30# -0.20+0.20# 0.62+0.20
2 0.20+0.10# 0.40+0.15*# 1.4210.20
4 0.70+0.10# 0.90+0.10*# 1.9040.09
6 0.90+0.06# 1.200.20"# 2.12+0.09
7 1.10£0.08# 1.4010.20"# 2.42+0.11

Note: *, significant difference (p < 0.05) between post-treatment and baseline values; #, significant difference (p < 0.05)
between the treatment group and age-matched normals

Table 3. Electrical sensitivity and lability of the optic nerve as assessed by electrically evoked phosphene threshold (EEPT)
and critical frequency of phosphene disappearance (CFPD) in patients with non-proliferative diabetic retinopathy (NPDR) and

pre-proliferative diabetic retinopathy (PPDR) before and after a course of Vasavital

Before treatment After treatment Mean values
Characteristic 7 A
NPDR PPDR NPDR PPDR matched

n=22 n=20 n=22 n=20 normals n=40
EEPT, pA 60.0+1.3# 65.5+2.5# 49.0+1.2* 60.1+1.5*# 53.318.8
CFPD (3.0), Hz 39.0+0.6# 38.0+0.8# 50.0+2.2* 47.4+1.2*# 53.0£9.5
CFPD (1.5), Hz 18.1+1.8# 12.7+1.2# 20.1+1.4# 17.2+1.4*# 23.0+7.5

Note: *, significant difference (p < 0.05) between post-treatment and baseline values; #, significant difference (p < 0.05) be-
tween the treatment group and age-matched normals
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Table 4. Ocular hemodynamics as assessed by ophthalmic rheography in patients with non-proliferative diabetic retinopathy
before and after a one-month course of Vasavital-only therapy

Mean values for
Characteristic S trgatment S treftment (2) age-matched normals (3)
(1) n=30 n=30 _
n=30

Ocular pulse blood filling expressed as RQ %o 1.8+0.9#* 2.3+0.6#* 3.240.1

Vascular tone in large-caliber vessels, a1/T (%) 25.3+3.4# 23.2+2.5* 22.0+1.1
Vascular tone in small-caliber vessels, a2/T (%) 14.53.2 15.0£2.5 15.0£1.0

Ocular blood flow velocity, V (ohm/sec) 0.7+0.6# 0.8+0.3# 1.0£0.1

Note: *, significant difference (p < 0.05) between post-treatment and baseline values; #, significant difference (p < 0.05)
between the treatment group and age-matched normals

Table 5. Ocular hemodynamics as assessed by ophthalmic rheography in patients with pre-proliferative diabetic retinopathy
before and after a one-month course of Vasavital-only therapy

Mean values for
Characteristic Before tre_atment §U) |/ treftment ) age-matched normals (3)
n=34 n=34 _
n=30

Ocular pulse blood filling expressed as RQ %o 2.3+0.7#* 2.7+0.5#* 3.2+0.1

Vascular tone in large-caliber vessels, a1/T (%) 24.8+3.4 24212 4 22.0+1.1
Vascular tone in small-caliber vessels, a2/T (%) 13.7+£3.2 15.0£2.5 15.01.0

Ocular blood flow velocity, V (ohm/sec) 0.7+0.3# 0.8+0.4# 1.0£0.1

Note: *, significant difference (p < 0.05) between post-treatment and baseline values; #, significant difference (p < 0.05)
between the treatment group and age-matched normals
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