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Abstract
Purpose: To investigate the health benefits of Gingko biloba L. leave extract EGb 761 in patients with
diabetic sensorimotor polyneuropathy (DSP).
Method: In a randomized, double-blind, placebo trial, patients (n = 156) received Gingko biloba (120
mg/day) or placebo for 6 months. Efficacy of Gingko biloba extract EGb 761 was assessed on the
reduction in the scores of “Short-Form McGill Pain Questionnaire” (SF-MPQ) and improvements in
latency, amplitude and conduction velocity of four sensory (ulnar, median, peroneal and sural) and four
motor (ulnar, median, peroneal and tibial) nerves.
Results: Gingko biloba significantly improved the mean scores of sensory, affective, visual analogue
score (VAS) and present pain intensity (PPI) of SF-MPQ on 3 and 6 month post-treatment. At the start
of experiment in the Gingko biloba-treated group, scores for sensory, affective, VAS and PPI domains
were 12.90 ± 7.21, 4.40 ± 1.79, 4.38 ± 1.69 and 3.24 ± 0.78 respectively. After 6-months treatment with
Gingko biloba, scores for sensory, affective, VAS and PPI domains were reduced (p < 0.01) to 7.24 ±
4.91, 3.11 ± 1.81, 3.37 ± 1.35 and 2.45 ± 0.65 respectively. Contrarily, in the placebo-administered
group, sensory domain was (p < 0.01) deteriorated after 6 month (4.70 ± 1.87) compared to the baseline
(4.04 ± 1.67). Gingko biloba extract EGb 761 failed to influence the electrophysiological measures when
compared with the placebo group. The common adverse effects observed with Gingko biloba were
somnolence and dryness of mouth compared with the placebo-treated patients
Conclusion: Gingko biloba extract EGb 761 seems to be an effective and safe drug for reducing
symptoms of DSP without any apparent effect on the electrophysiological attributes of sensorimotor
nerves.
Keywords: Diabetic polyneuropathy, Diabetes mellitus, Electrophysiological parameters, Gingko biloba,
Sensorimotor nerves, Short-Form McGill Pain Questionnaire
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INTRODUCTION
Diabetes mellitus (DM) is known worldwide seen
in many parts of the world including the
developing countries [1]. In Pakistan, nearly 5

million people are affected with DM, and this
number is expected to rise by 13.9 % in the year
2030 [1]. A complex form of neuropathy known
as diabetic peripheral neuropathy (DSP) can
result due to persistent high glycemic serum
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level. Diabetic polyneuropathy is a symmetrical,
length-dependent sensorimotor polyneuropathy
resulting from alterations in metabolic and
microvascular
factors
due
to
chronic
hyperglycaemia [2].

evaluate the potential use of leave extract of
Ginkgo biloba extract EGb 761 in reducing the
severity of pain and restoration of functional
characteristics of peripheral nerves in patient of
DSP.

Generally, diabetic neuropathic syndromes have
been divided into two major classes: symmetrical
neuropathies and asymmetrical neuropathies [3].
Diabetic sensorimotor polyneuropathy (DSP), a
distal and symmetrical form of neuropathy, is
commonly
encountered
[4].
Persistent
hyperglycemia triggers neuropathy by eliciting
degenerative changes. These degenerative
changes consist of demyelination, axonal
atrophy, nerve fiber loss, and distorted repairing
of nerve fibers. The DSP often interferes with
sleep and results in significant pain characterized
by ‘aching, burning, stabbing, and/or also include
tingling sensations. [5].

EXPERIMENTAL

Consistent efforts were made in the last decade
to find effective treatment for DSP. Aldose
reductase
[6,7],
tricyclic
antidepressants,
serotonin norepinephrine re-uptake inhibitor
(SNRI), certain anticonvulsants and opioid
analgesics are commonly being used to treat
DSP, but often the efforts become limited
because of variable efficacy or unacceptable side
effects [8]. Ginkgo biloba leaves extract is used
to ameliorate Alzheimer’s disease, depression,
vertigo, hearing loss, short-term memory loss,
lack of vigilance or attention and diabetes
mellitus [9]. Success of Ginkgo biloba application
is because by its main active ingredients
flavonoids (flavone glycosides, quercetin) and
terpenoids (ginkgolides and bilobalides). A
previous study demonstrated the neuromodulatory effects of Ginkgo biloba on cortical
neurons and hippocampus in rats [10].
It has been found that Ginkgo biloba
supplemented diets prevented early onset of DM
and improved various electrophysiological
indices of motor and sensory nerves in rats
[11,12]. Quercetin has been shown to decrease
thermal hyperanalgaesia and cold allodynia in
diabetic rats [13]. Ginkgo biloba is reported to be
effective in various functional characteristics and
histological features of injured sciatic nerve in a
rat model [14,15]. Oxidative stress leads to
vascular, microvascular and specific tissue
complications in diabetes, therefore oxidative
stress modifiers play a pivotal role in therapy of
DSP [16]. However, there is a dearth of
knowledge about the potential use of Ginkgo
biloba in attenuation of deteriorating effects of
DSP in human. The present study aims to

The study was carried out from April to
December, 2011 in men and women (aged > 18
years) visiting the Diabetic Management Centre,
Services Institute of Medical Sciences (SIMS),
Lahore, Pakistan. Diabetes mellitus type 2
(DMT2) the patients were diagnosed based on
plasma glucose levels of ≥ 126 and ≥ 200 mg/dl
on
fasting
and
two-hour
postprandial,
respectively. Patients with following conditions
were not included in the study: Pregnant,
breastfeeding subjects, renal dysfunction (serum
creatinine level of > 1.3 mg/dl), hepatic
dysfunction, myocardial infarction, myocardial
ischemia, cerebrovascular disease or past
history of any cardiovascular, psychiatric
disorders, diabetic neuropathy (e.g., phantom
limb pain from amputation) or cutaneous
problems at the site of neuropathy. Exclusion
criteria also included the use of tricyclic
antidepressants, neuroleptics, centrally acting
sympathomimetics,
MAO
inhibitors,
acetaminophen, or opioids or any other unidentified therapy from non-professional medical
practitioners.
Patients who were taking chronic analgesics,
antidepressants, capsaicin topical cream, were
considered for screening only after a four-week
washout period. Aspirin (for prophylaxis of
myocardial infarction and transient ischemic
attacks), acetaminophen (4 g/day) and stable
doses of serotonin-re-uptake inhibitors were
allowed if prescribed by registered medical
personals. The study was approved by
Institutional Research Board of Services Institute
of Medical Sciences, Lahore and recruited
participants were provided informed consent.
The confirmed patients of DMT2 were assessed
for the presence of clinical DSP using Michigan
Neuropathy
Screening
Instrument
[17].
Participants showing score of ≥ 3 were
designated as diabetic individuals with clinical
DSP. The MNSI includes two separate
assessments: a 15-item self-administered
questionnaire (called history) and a lower
extremity examination (physical assessment) that
includes inspection and assessment of ankle
reflexes and vibratory sensation [17,18]. The
current study was in accordance with the
guidelines of Good Clinical Practice and
Declaration of Helsinki [19]. Before the start of
the study, the Institutional Ethical Review Board,
Trop J Pharm Res, October 2016; 15(10): 2138
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Services Institute of Medical Sciences, Lahore
approved the protocol of the study (Notification
no. IRB/28/C-SIMS dated 05-11-2009). The
enrolled participants were informed about the
experimental procedure before allowing them to
enter in the study.

heart rate and blood pressure. Blood samples
were collected at first visit and then at 6 month
post-intervention for the determination of
hematology, glycosylated hemoglobin (HbA1c),
glutamate pyruvate transaminase, creatinine and
lipid profile. Adverse effects observed during the
clinical trial were recorded.

Experimental design
Statistical analysis
This was a randomized, double-blind, placebocontrolled study in DMT2 patients with clinical
DSP. Patients were randomly assigned to
Ginkgo biloba extract EGb 761 (120 mg/day) or
placebo.
Randomization
was
computer
generated. A sample size of 132 patients
underwent clinical trial to evaluate and compare
the efficacy and safety of the Ginkgo biloba and
the placebo. To assure blinding, the medication
was prescribed in 2 bottles, each containing
capsules having 120 mg Ginkgo biloba or
placebo. The patients were prescribed to take
one capsule daily after breakfast. The blind was
maintained till completion of study and data
evaluation. The patients were asked to visit the
Outdoor Clinic, Department of Neurology, SIMS,
Lahore after 3 and 6 months of treatment. The
patients were also advised that they may either
visit the clinic or may seek medical guidance on
telephone if needed weekly. However, the
outcome measures were investigated 3 and 6
months post treatment.
Outcome measures
The efficacy of the Ginkgo biloba extract EGb
761 was assessed based on reduction in the
pain scores using “Short-Form McGill Pain
Questionnaire” (SF-MPQ) and improvement in
the electrophysiological attributes of selected
motor and sensory nerves. During the course of
the study, the patients were also asked to
register any adverse effect on diary to assess the
drug safety. The SF-MPQ is a well-validated
multidimensional pain questionnaire [20,21] and
was filled at the start of treatment and
subsequently 3 and 6 months post intervention.

Data are expressed as mean ± SD and
percentage. All tests were performed using
Statistical Package for Social Science (SPSS for
Windows version 12, SPSS Inc., Chicago, IL).
The level of significance was set at p < 0.05.
Demographic information was analyzed using the
independent t-test for continuous variables and
Chi-square test for categorical variables.
Independent student t test was performed to
determine between group variations (placebo vs.
treated groups). One-sample paired t-test was
employed to compare the means of scores and
electrophysiological measures from baseline to 3
and 6 months separately.

RESULTS
Of the 156 patients screened, 4 were ineligible
because of violation of selection criteria at entry
and withdrawal of consent. A total of 152
subjects were randomly distributed in two groups
with 76 patients in each group. A total of 134 (88
%) of the 152 recruited subjects completed the
six months study without any notable protocol
violation. In the placebo group, 4 patients were
withdrawn due to absence during follow-up
leading to 94.73 % response rate. For the Ginkgo
biloba-treated group, 14 (5.26 %) subjects could
not complete the study either due to absence
during follow-up or failure to return or serious
deviation from protocol. As shown in Table 1,
baseline demographic characteristics and serum
metabolites of the Gingko biloba-treated and the
placebo groups were nearly balanced (p > 0.05).
Efficacy of Ginkgo biloba extract EGb 761

The electrophysiological parameters (latency,
amplitude and conduction velocity) of four motor
nerves (ulnar, median, tibial, peroneal) and four
sensory nerves (ulnar, median, sural, peroneal)
were studied with the aid of an electro-myograph
(Nihon Kohden Toshiba, Japan) as described
earlier [7]. Mean NCS measures were compared
at baseline and endpoint.
Safety analysis
Safety was evaluated at every visit by obtaining
record of concomitant medications, body weight,

Analysis of SF-MPQ revealed that baseline
values of sensory, affective, VAS, PPI and total
(sensory plus affective) scores were similar (p >
0.05) in both groups (Table 2). The patients
treated with Ginko biloba showed significant
improvement in the sensory, affective, VAS, PPI
and total scores compared with the placebo
group on both time scales. In the Ginkgo biloba
group, there was a progressive decrease in the
affective, VAS, PPI and total scores from
baseline to 3 months and 6 months posttreatment. In the placebo group, the mean scores
Trop J Pharm Res, October 2016; 15(10): 2139
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were higher for sensory (p < 0.05), affective (p <
0.001), and total domains (p < 0.05) respectively,
after 6 months compared with the baseline level
(Table 2).
Latency, amplitude and conduction velocity of
four motor nerves were similar (p > 0.05) in both
groups before and after treatment (Table 3).
There was no significant improvement in the
electrophysiological parameters of motor nerves
in the placebo group over 6 months treatment
period when compared with the baseline. Similar
outcomes were observed for the Ginkgo bilobatreated
group
when
electrophysiological

measures of baseline phase were compared with
the post-treatment time. However, conduction
velocity of motor peroneal nerve tended to be
higher (p = 0.09) at the end of treatment
compared with the baseline. The Ginkgo biloba
also marginally improved the latency of motor
ulnar nerve after treatment (p = 0.089). Similarly,
Ginkgo biloba medication did not influence the
latency, amplitude and conduction velocity of
sensory nerves when compared with the placebo
group (Table 4). There was also no difference in
the electrophysiological attributes from baseline
to endpoint in both study groups.

Table 1: Basic characteristics of participants
Characteristic

Placebo (mean ± SD)
Ginkgo biloba (mean ± SD)
P-value
(n = 72)
(n = 62)
Age (years)
50.90±11.64
53.70±13.03
0.190
Duration of DM (years)
6.41±4.94
7.98±7.57
0.153
Weight (kg)
73.98±16.03
71.83±14.15
0.416
Height (cm)
155.65±8.30
156.44±9.24
0.607
Waist circumference (cm)
104.19±12.44
101.84±9.00
0.218
Height circumference (cm)
104.54±11.54
103.39±10.40
0.547
2
BMI (kg/m )
30.61±5.70
29.40±4.91
0.193
Systolic BP (mm Hg)
129.17±18.74
127.10±18.67
0.570
Diastolic BP (mm Hg)
81.94±9.20
79.19±11.05
0.08
HbA1c (%)
8.45±1.64
8.10±1.71
0.871
Cholesterol (mmol/L)
5.65±1.10
5.85±1.11
0.328
Triglyceride (mmol/L)
3.40±0.60
3.35±0.58
0.642
LDH (mmol/L)
4.06±0.50
3.99±0.48
0.416
HDL(mmol/L)
1.05±0.09
1.04±0.07
0.513
Urea (mmol/L)
86.23±1.38
6.39±1.40
0.493
Creatinine (µmol/L)
80.41±17.99
83.12±15.13
0.062
DM=diabetes mellitus, BMI=body mass index, BP=blood pressure, LDL=low density lipoproteins, HDL=high
density lipoproteins
Table 2: Mean changes (mean±SD) in the Short-Form McGill Pain Questionnaire after medication with Ginkgo
biloba extract EGb 761 or placebo
Items

Placebo
(n = 72)

Ginkgo biloba
(n = 62)

p-value

Baseline
After 3 months
After six months

11.36±4.90
11.48±6.515
*
11.91±6.08

12.90±7.21
**
9.38±5.12
**
7.24±4.91

0.158
0.027
0.000

Baseline
After 3 months
After six months

4.04±1.67
4.33±1.78
**
4.70±1.87

4.40±1.79
**
3.33±2.06
*
3.11±1.81

0.201
0.000
0.000

Baseline
After 3 months
After six months

4.13±1.92
4.18±1.97
4.23±1.98

4.38±1.69
**
3.59±1.67
**
3.37±1.35

0.374
0.060
0.004

Baseline
After 3 months
After six months

3.29±0.81
3.34±0.84
3.30±0.89

3.24±0.78
**
2.96±0.86
**
2.45±0.65

0.773
0.023
0.000

Baseline
After 3 months
After six months

15.40±5.84
15.76±7.50
*
16.62±7.30

17.30±8.08
**
12.72±5.75
**
10.35±6.08

0.092
0.010
0.000

Sensory

Affective

VAS

PPI

Total
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VAS = Visual analogue score, PPI=Present pain intensity; values in the same column for a particular variable is
**
different (p < 0.05) from baseline; values in the same column for a particular variable is different (p < 0.001) from
baseline
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Table 3: Summary of electrophysiological indices (mean±SD) of motor nerves before and after treatment with Ginkgo biloba extract EGb 761 (n = 62) or placebo (n = 72)
Attribute

Pre-treatment
Post-treatment
p-value

Median nerve
Placebo
G. biloba
4.88±0.59
4.83±0.71
0.259

4.79±0.58
4.81±0.59
0.145

Pre-treatment
Post-treatment
p-value

3.87±0.86
3.81±0.71
0.320

3.83±0.72
3.88±0.84
0.302

Pre-treatment
Post-treatment
p-value

45.06±5.53
44.95±5.53
0.311

44.88±6.24
44.83±6.23
0.681

Ulnar nerve
Tibial nerve
Placebo
G. biloba
Placebo
G. biloba
Latency (ms)
3.26±0.55
3.22±0.53
5.98±0.62
5.92±0.63
3.31±0.56
3.19±0.55
6.00±0.75
5.86±0.89
0.120
0.089
0.515
0.251
Amplitude (mv)
6.91±1.91
6.94±1.89
3.30±0.53
3.41±0.62
6.88±1.86
6.99±1.94
3.27±0.57
3.38±0.66
0.166
0.425
0.618
0.677
Conduction velocity (m/s)
49.73±5.79
49.39±5.85
37.30±6.25
36.77±6.025
49.52±6.07
49.60±5.48
37.01±5.82
37.05±5.79
0.482
0.490
0.160
0.178

Peroneal nerve
Placebo
G. biloba
7.20±1.10
7.22±1.12
0.285

7.34±0.68
7.37±0.68
0.140

1.43±0.28
1.40±0.32
0.350

1.49±0.27
1.47±0.33
0.379

40.69±4.11
40.08±6.32
0.269

39.35±4.09
39.66±3.79
0.090

Table 4. Summary of electrophysiological indices (mean±SD) of sensory nerves before and after treatment with Ginkgo biloba extract EGb 761 (n=62) or placebo (n=72)
Attribute

Median nerve
Placebo
G. biloba

Pre-treatment
Post-treatment
p-value

3.37±0.36
3.40±0.347
0.231

3.31±0.36
3.29±0.28
0.412

Pre-treatment
Post-treatment
P-value

18.04±3.40
17.81±3.07
0.220

17.66±3.19
17.86±3.57
0.293

Pre-treatment
Post-treatment
P-value

46.22±5.65
46.05±6.18
0.476

46.16±5.74
46.41±6.17
0.251

Ulnar nerve
Sural nerve
Placebo
G. biloba
Placebo
G. biloba
Latency (ms)
3.40±0.58
3.43±0.56
5.08±0.71
5.15±0.38
3.43±0.55
3.39±0.83
5.18±0.45
5.17±0.44
0.190
0.331
0.104
0.308
Amplitude (mv)
16.61±2.89
16.25±3.43
4.37±0.99
4.23±1.05
16.29±3.44
16.47±2.88
4.35±1.02
4.28±1.02
0.207
0.373
0.312
0.097
Conduction velocity (m/s)
50.23±5.37
49.76±6.23
38.23±2.51
37.63±3.42
49.51±6.08
50.39±5.32
37.59±5.27
37.45±3.13
0.137
0.214
0.223
0.375

Peroneal nerve
Placebo
G. biloba
3.10±0.01
3.04±0.15
0.214

3.31±0.34
3.23±0.41
0.244

4.96±0.66
4.94±0.68
0.372

4.69±0.89
4.71±0.86
0.851

37.97±1.00
37.84±2.01
0.364

36.91±2.38
37.02±2.71
0.397
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Adverse events in the placebo and the Ginkgo
biloba-treated groups are summarized in Table 5.
The severity of dry mouth and somnolence were
significantly higher (p < 0.05) in Ginkgo bilobatreated group compared to the placebo group.
Generally, the untoward effects were mild or
moderate, except dry mouth that was more
frequently (p < 0.05) noticed in the Ginkgo
biloba-treated group compared with the placebotreated group (Table 5).
Table 5: Treatment-emergent adverse events in
patients
with
clinical
diabetic
sensorimotor
polyneuropathy treated with either Ginkgo biloba
extract EGb 761 or placebo
Group
PPlacebo
Ginkgo
value
(n=72)
biloba
N (%)
(n=62)
N (%)
Headache
9 (12.5)
7 (11.3)
0.83
Dizziness
8 (11.11)
5 (8.06)
0.55
Stomach upset
9 (12.5)
4 (6.45)
0.23
Constipation
7 (9.72)
3 (4.83)
0.28
Nausea/vomiting 11 (15.27)
6 (9.67)
0.33
Diarrhea
9 (12.5)
4 (6.45)
0.23
Somnolence
5 (6.94)
12 (19.35)
0.03
Weight gain
1 (1.38)
5 (8.06)
0.06
Dry month
3 (4.16)
10 (16.12)
0.02
Sweating
5 (6.94)
7 (11.29)
0.38
Anorexia
6 (8.33)
5 (8.06)
0.95
Pain
7 (9.72)
3 (4.83)
0.28
N = number of patients showing a particular event
Event

DISCUSSION
Painful neuropathy is quite common in the
patients suffering from diabetes and may have
adverse effects on quality of life [22].
Management of diabetic pain is a vital element in
the care of diabetic patients with painful clinical
polyneuropathy. In the present randomized,
double-blind, 6-month placebo trial, we
demonstrated that Ginkgo biloba significantly
improved the subjective outcome measures in
the patients of DSP without any apparent effects
on electrophysiological attributes of sensorimotor
nerves. Daily dose of 120 mg of Ginkgo biloba
was chosen based on information from prior
clinical studies [23-26] suggesting a doseresponse relationship up to 240 mg [26]. Ginkgo
biloba has been reported to protect various types
of neurons in the central nervous system
including cerebellum [27], cerebral cortex [28],
basal ganglia [29], hippocampus [30] and retina
[31] in various disorders like ischemia and
oxidative stress.
A body of evidence shows that sustained
hyperglycemia is closely related to oxidative and
nitrosative stress that can initiate development of

diabetic complications like DSP [32]. Oxidative
stress has been recognized as one of the
fundamental
mechanisms
involved
in
development of DSP [33]. In the current
experiment, changes in the subjective pain
scores in SF-MPQ were used for the evaluation
Ginkgo biloba. During the study period,
difference between the subjective symptom
scores of the Ginkgo biloba-treated group and
the placebo group increased over the time.
Ginkgo biloba improved subjective symptom
scores compared with the placebo group.
In the Ginkgo biloba-treated group, reduction in
the sensory (-5.66), affective (-1.29), PPI (-0.79),
VAS (-1.01) and total scores (-6.95) was
recorded when compared with the baseline
score. On the contrary, differences in the scores
from the baseline of all the domains were
increased in the placebo group (055, 0.66, 0.01,
0.1 and 1.22 for sensory, affective, PPI, VAS and
total scores, respectively).
It has been found that Ginkgo biloba contains
many pharmacologically active components like
flavone glycosides (kaempferol, isorhamnetin,
quercetin) and terpen lactones like ginkgolides A,
B and C and bilobalide [34]. Quercetin is a
powerful antioxidant and has been reported to
decrease thermal hyperanalgaesia and cold
allodynia in diabetic rats [13]. Ginkgolide A has
been found to suppress the production of proinflammatory cytokines to protect against
cytokine-induced
neuronal
toxicity
[35].
Moreover, multiple antioxidant components of
Ginkgo biloba are believed to be responsible for
most of its protective effects in neurons like
scavenging of superoxide anions, peroxyl
radicals, nitric oxide and inhibition of xanthine
oxidase activity [36-39]. Therefore, the efficacy of
Ginkgo biloba extract EGb 761 in managing the
diabetic neuropathic pain in the patients might be
due to its analgesic, antioxidant and antiinflammatory potentials.
Electrophysiological measures were included to
assess the potential role of Ginkgo biloba for
restoring the functionality of
peripheral
sensorimotor
nerves
involved
in
the
pathogenicity
of
DSP.
Values
of
electrophysiological indices of the sensorimotor
nerves did not vary between the Ginkgo bilobatreated and the placebo-treated groups. Pain is
transmitted through small or unmyelinated fibers,
but routine NCS is used to investigate large
myelinated fibers. Therefore, the absence of any
significant
improvement
in
the
electrophysiological measures between pre- and
post-therapy phases is reasonable [40].
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Our data also establishes that 6-month treatment
with Ginkgo biloba extract EGb 761 seems to be
safe and effective in the subjects having painful
DSP as no notable treatment-related adverse
event was noted despite more patients in the
Ginkgo biloba-treated group experienced
somnolence.

6. Hotta N. New approaches for treatment in diabetes:
aldose reductase inhibitors. Biomed Phamacother 1995;
49: 232-243.
7. Hotta N, Toyota T, Matsuoka K, Shigeta Y, Kikkawa R,
Kaneko T, Sakamoto N. Clinical efficacy of Fidarestat, a
novel aldose reductase inhibitor, for diabetic peripheral
neuropathy A 52-week multicenter placebo-controlled
double-blind parallel group study. Diabetes Care 2001;

CONCLUSION

24(10): 1776-1782.

Ginkgo
biloba
extract
EGb
761
has
demonstrated a significant improvement in the
subjective symptom scores of the patients of
DSP without influencing any damaging or
otherwise adversely affecting nerve function.
Although there was no sufficient objective
evidence of improvement of electrophysiological
measures in the Ginkgo biloba-group, however,
there was evidence of subjective improvement in
patient pain which is widely considered as an
effective measure of treatment in clinical
practice. Therefore, it is safe to conclude that
improvement in pain combined with partial
functional improvement in few motor nerves is
encouraging and, therefore, Ginkgo biloba
extract EGb 761 may be developed as a drug for
managing clinical DSP in patients.

8. McQuay HJ, Tramer M, Nye BA, Carroll D, Wiffen PJ,
Moore RA. A systematic review of antidepressants in
neuropathic pain. Pain 1996; 68: 217-227.
9. Brondino N, De Silvestri A, Re S, Lanati N, Thiemann P,
Verna A, Politi P. A systematic review and metaanalysis of ginkgo biloba in neuropsychiatric disorders:
From ancient tradition to modern-day medicine. Evid
Based Complement Alternat Med 2013; 2013:915691.
10. Watanabe CMH, Wolffram S, Ader P, Rimbach G, Packer
L, Maguire John J, Schultz PG, Gohil K. The in vivo
neuromodulatory effects of the herbal medicine ginkgo
biloba. Proc Natl Acad Sci U S A 2001; 98: 6577-6580.
11. Lu Q, Yin XX, Wang JY, Gao YY, Pan YM. Effects of
ginkgo

biloba

experimental

on

prevention

diabetic

of

development

nephropathy

in

rats.

of

Acta

Pharmacol Sin 2007; 28: 818-828.
12. Kim J, Yokoyama K, Araki S. The effects of Ginkgo biloba
extract (GBe) on axonal transport microvasculature and
morphology of sciatic nerve in streptozotocin-induced

ACKNOWLEDGEMENT

diabetic rats. Environ Health Prev Med 2000; 5: 53-59.

Authors thank Ayesha Aslam and Abu Bakar
Saddique, Department of Neurology, Service
Institute of Medical Sciences, Lahore for their
help in compilation and analysis of the data.

13. Anjaneyulu M, Chopra K. Quercetin attenuates thermal
hyperalgesia and cold allodynia in STZ-induced diabetic
rats. Indian J Exp Biol 2004; 42(8): 766-769.
14. Zhang F, Gu YD, Xu JG, Li JF. Effect of extract of leave
ginkgo biloba on crushed sciatic nerve regeneration.
Chin J Microsurg 2000; 23(4): 279-281.

REFERENCES

15. Chen YS, Liu CJ, Cheng CY, Yao CH. Effect of bilobalide
on peripheral nerve regeneration. Biomaterials 2004;

1. Wild S, Roglic G, Green A, Sicree R, King H. Global
prevalence of diabetes estimates for the year 2000 and

25(3): 509-514.
16. Callaghan BC, Cheng HT, Stables CL, Smith AL,

projections for 2030. Diabetes Care 2004; 27: 1047-

Feldman

1053.

manifestations and current treatments. The Lancet

2. Tesfaye S, Boulton AJ, Dyck PJ, Freeman R, Horowitz M,
Kempler P, Valensi P. Diabetic neuropathies: update on

EL.

Diabetic

neuropathy:

clinical

Neurol 2012; 11(6): 521-534.
17. Herman, WH, Pop-Busui1 R, Braffett BH,

Martin CL,

definitions, diagnostic criteria, estimation of severity, and

Cleary PA, Albers JW, Feldman EL, The DCCT ⁄EDIC

treatments. Diabetes Care 2010; 33(10): 2285-2293.

Research Group. Use of the Michigan Neuropathy

3. Tracy

JA,

Dyck

PJB.

The

spectrum

of

diabetic

Screening

Instrument

as

a

measure

of

distal

neuropathies. Phys Med Rehabil Clin N Am 2008; 19: 1-

symmetrical peripheral neuropathy in type 1 diabetes:

26.

results from the Diabetes Control and Complications

4. Dyck PJ, Kratz KM, Karnes JL, Litchy WJ, Klein R, Pach
JM, Melton L. The prevalence by staged severity of
various types of diabetic neuropathy, retinopathy, and
nephropathy

in

a

population‐based

cohort:

Trial/Epidemiology

of

Diabetes

Interventions

and

Complications. Diabetic Med 2012; 29: 937-944.
18. Feldman EL, Stevens MJ, Thomas PK, Brown MB, Canal

The

N, Greene DA. A practical two-step quantitative clinical

Rochester Diabetic Neuropathy Study. Neurology 1993;

and electrophysiological assessment for the diagnosis

43: 817-817.

and staging of diabetic neuropathy. Diabetes Care 1994;

5. Goldstein DJ, Lu Y, Detke MJ, Lee TC, Iyengar S.
Duloxetine vs. placebo in patients with painful diabetic
neuropathy. Pain 2005; 116(1): 109-118.

17: 1281-1289.
19. World, MAGA. World Medical Association Declaration of
Helsinki:

Ethical

Principles

for

Medical Research

involving Human Subjects. Intl J Bioethics, 15(1):124.

Trop J Pharm Res, October 2016; 15(10): 2144

Numan et al

20. Melzack, R. ’The short-form McGill Pain Questionnaire.
Pain 1987; 30: 191-197.

31. Kim SY, Kwak JS, Shin JP, Lee SH. The protection of the
retina from ischemic injury by the free radical scavenger

21. Burckhardt CS, Jones KD. Adult measures of pain.
Arthritis Care Res 2003; 49: S96–S104.

EGb-761 and zinc in the cat retina. Ophthalmol 1998;
212: 268-274.

22. Galer BS, Gianas A, Jensen MP. Painful diabetic

32. Taliyan R, Singh M, Sharma PL. Beneficial effect of

polyneuropathy: Epidemiology, pain description, and

cyclosporine

quality of life. Diabetes Res Clin Prac 2000; 47:123-128.

neuropathic pain in rats. Int J Pharmacol 2010; 6: 355-

23. Le Bars PL, Katz MM, Berman N, Itil TM, Freedman AM,

in

experimental

diabetes

induced

361.

Schatzberg AF. A placebo-controlled, double-blind,

33. Ozkul A, Ayhan M, Yenisey C, Akyol A, Guney E, Ergin

randomized trial of an extract of Ginkgo biloba for

FA. The role of oxidative stress and endothelial injury in

dementia. JAMA 1997; 278(16): 1327-1332.

diabetic

24. Schneider LS, DeKosky ST, Farlow MR, Tariot PN, Hoerr

neuropathy

and neuropathic

pain. Neuro

Endocrinol Lett 2010; 31(2): 261–264.

R, Kieser M. A randomized, double-blind, placebo-

34. Kim YS, Park HJ, Kim TK, Moon DE, Lee HJ. The effects

controlled trial of two doses of Ginkgo biloba extract in

of Ginkgo biloba extract EGb 761 on mechanical and

dementia of the Alzheimer's type. Curr Alzheimer Res

cold allodynia in a rat model of neuropathic pain. Anesth

2005; 2(5): 541-551.

Analg 2009; 108(6): 1958-1963.

25. DeKosky ST, Williamson JD, Fitzpatrick AL, Kronmal RA,

35. Du ZY, Li XY. Effects of ginkgolides on interleukin-1,

Ives DG, Saxton JA, Ginkgo Evaluation of Memory

tumor necrosis factor-alpha and nitric oxide production

(GEM) Study Investigators. Ginkgo biloba for prevention

by rat microglia stimulated with lipopolysaccharides in

of dementia: a randomized controlled trial. JAMA 2008;
300(19): 2253-2262.

vitro. Arzneimittelforschung 1998; 48(12): 1126-1130.
36. Pincemail, J, Dupuis M, Nasr C, Hans P, Haag-Berrurier

26. Doruk A, Uzun Ö, Özsahin A. A placebo-controlled study

M, Anton R, Deby C. Superoxide anion scavenging

of extract of ginkgo biloba added to clozapine in patients

effect and superoxide dismutase activity of Ginkgo

with

treatment-resistant

schizophrenia.

Int

Clin

Psychopharmacol 2008; 23(4): 223-227.

biloba extract. Experientia 1989; 45(8): 708-712.
37. Marcocci L, Packer L, Droy-Lefaix MT, Sekaki A, Gardes-

27. Oyama Y, Chikahisa L, Ueha T, Kanemaru K, Noda K.
Ginkgo biloba extract protects brain neurons against
oxidative stress induced by hydrogen peroxide. Brain
Res 1996; 712(2): 349-352.

Albert M. Antioxidant action of Ginkgo biloba extract
EGb 761. Methods Enzymol 1994; 46: 462–475.
38. Sastre J, Millan A, de la Asuncion JG, Pla R, Juan G,
Pallardo FV, Viña J. A Ginkgo biloba extract (EGb 761)

28. Pierre S, Jamme I, Droy-Lefaix MT, Nouvelot A, Maixent

prevents mitochondrial aging by protecting against

JM. Ginkgo biloba extract (EGb 761) protects Na-

oxidative stress. Free Radical Biol Med 1998; 24(2):

K‐ATPase activity during cerebral ischemia in mice.
Neuro Report 1999; 10(1): 47-51.

298-304.
39. Sharma HS, Drieu K, Alm P, Westman J. Upregulation of

29. Bridi R, Crossetti FP, Steffen VM, Henriques AT. The

neuronal nitric oxide synthase, edema and cell injury

antioxidant activity of standardized extract of Ginkgo

following heat stress are reduced by pretreatment with

biloba (EGb 761) in rats. Phytother Res 2001; 15(5):
449-451.
30. Ahlemeyer B, Möwes A, Krieglstein J. Inhibition of serum
deprivation-and

EGb-761 in the rat. J Therm Biol 1999; 24: 439-445.
40. Tsai CI, Li TC, Chang MH, Lin SY, Lee IT, Lee CH, Su

staurosporine-induced

neuronal

YC. Chinese medicinal formula (MHGWT) for relieving
diabetic neuropathic pain: A randomized, double-blind,

apoptosis by Ginkgo biloba extract and some of its

Placebo-controlled

constituents. Eur J Pharmacol 1999; 367(2): 423-430.

Alternat Med 2013; 2013:767498.

trial.

Evid

Based

Complement

Trop J Pharm Res, October 2016; 15(10): 2145

