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ORGANIC SOL-GEL NANO-COMPOSITION CONTAINING PANAX
NOTOGINSENG SAPONINS, RUTIN, AND GINKGO BILOBA EFFECTIVE IN
ENHANCING CEREBRAL AND CARDIOVASCULAR PROTECTION AND
METHOD OF PRODUCING THEREOF

Field of the Invention

The present invention relates to an organic sol-gel nano-composition containing
Panax notoginseng saponins, rutin, and Ginkgo biloba that is effective in enhancing

cerebral and cardiovascular protection and a method of producing thereof.
Background of the Invention
Panax Notogingseng Saponins

Panax notogin.écng is a type of ginseng of Araliaceae family whose roots are used
as medicines, Panax notoginseng is a longtime traditional medicine, wherein Panax
notoginseng roots are effective in improving vascular circulation, i.rﬁproving blood.
stagnation and stasis, slightly reducing swelling and pain, with more than 10 types of
extracted saponins included therein. The main components are saponins Rb} and Rgl of
higher contents than in ginsengs. The total saponins extracted from Panax notoginseng
roots have been taken to make drugs for decades. The chemical structures of the main
active components of Panax notoginseng saponins are shown in Figure 1.

Rutin

Rutin, also referred to as rutoside, quercetin-3-rutinoside, and sophorin, is a citrus
flavonoid glycoside found in buckwheat (Kreft et al., 1997). Chemically, it is a glycoside
comprising flavonolic aglycone quercetin along with disaccharide rutinose. It has been
proved with some pharmacological activities, including antioxjdation, cytologic
protection, vascular protection, anticarcinogenesis, neuroprotection, and cardiac

protection.

Ginkgo biloba
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Ginkgo biloba is the scientific name of a type of woody .plant with fan-shaped
leaves.of Ginkgoaceae family (ginkgo). The chemical components of the extracts from -
ginkgo leaves are also tested. The name and structure of ginkgolides in Ginkgo biloba is
shown in Figure 2. Both types of bilobalides and ginkgolides are the main components of
Ginkgo biloba which exhibit all biological and/or pharmacological activities of Ginkgo
biloba. However, it is not clear about the fundamental mechanism of the molecules also in
interaction with pharmaceuticdls during such treatment. Kaempferol is a metabolite of
quercetin and isorhamnetin is a metab;)ﬁte of kaempferol. The commercial Ginkgo biloba
of Ginkgo biloba leaves is enriched with water-acetone or water-cthanol of the extract
from ginkgo leaves, and standardized to their flavonoid contents or three times thereof.
These coniponent_s can induce such effects as mental alteration and memory imprdfrcmant
for their characteristics of promoting neuronal growth and the flavanol antioxidants of
Ginkgo biloba. '

Pharmacological efficacy of Ginkgo biloba: Ginkgo biloba is effective in the
treatment of coronary artery disease, arrhythmia, diabetic cardiomyopathy, dementia, and
cerebral infarction, and lipid regulation, '

To combine the above ingredients for synergistic effects, the composition of the
present invention prepared according to the solid lipid nanotechnology comprises multiple
lipid drug conjugate nanoparticles (LDCN). Currrenﬂy, this has been the most modern
nano-drug formulation technology. The technology can allow the loading of multlple
pharmaceutical ingredients in the nanoparticles. Such lipid nanoparticles have co-
bioavailability, and treatment efficacy in accordance with the conjugate potentiation

effect, resulting in great therapeutic effectiveness.
Summary of the Invention

The objective of the present invention is to provide an organic sol-gel nano-

composition cdinprises the following components:
(a) Solid lipid nano Ginkgo biloba: 15-30%;

(b) Solid lipid nano rutin: 5-25%;
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(C) Solid lipid nano Panax notoginseng saponins: 0.1-10%;
(d) Soy bean oil: 40-65%;

(e) Lecithin: 1-10%;

(f) Tween 80: 0.1- 5%.

Other objectives of the present invention is to provide a process for preparing the

aforementioned composition of the following components:
i) Preparing a carrier solution;

ii) Preparing a conjugated nano lipid pre-suspension of three active

ingredients/carriers;

iii) Preparing a conjugated pre-sol-gel lipid nano-composition of three active

ingredients;

iv) Preparing a conjugated sol-gel lipid nano-composition of three active

ingredients; and
v) Obtaining a finished composition.
Brief Description of the Drawings

Figure 1 shows the chemical structures of the main components of Panax

notoginseng saponins.
Figure 2 shows the chemical structure of rutin,
Figure 3 shows the chemical of Ginkgo biloba.

Figure 4 illustrates a process of preparing a composition effective in enhancing

cerebral and cardiovascular protection.

Figure 5 represents Graph 1: Baseline pain threshold of the mouse batches over

time.

Figure 6 represents Graph 2: Pain threshold after treatment of the mouse batches

over time.



WO 2021/232070 PCT/VN2020/000017

Detailed Description of the Invention

The organic sol-gel nano-composition according to the invention comprises the

following components;
(a) Solid lipid nano Ginkgo biloba: 15-30%;
(b) Solid lipid nano rutin: 5-25%;
~ (C) Solid lipid nano fanax notoginseng sapomnins: 0.1-10%;
(d) Soy bean oil: 40-65%;
“(e) Lecithin: 1-10%
' (6) Tween 80: 0.1- 5%

Panax nofoginseng saponins (PNS) is extracted from Vietnamese Radix

notoginseng (Panax pscudo-ginseng) with ethyl alcohol solvent.

Panax Notoginseng Saponins (PNS) solid ]ipid nanoparticles purchased from
Vietlife Nano Biological Manufactory have the following parameters: an average

"nanoparticle size of 9.94 nm, and the PNS content in nanoparticles is over 22%.
Rutin is extracted in ethyl alcohol solvent from Styphnolobium japonicum .
{Sophora japonica) from Thai Binh province.

Rutin  solid lipid nanoparticles purchased from Vietlife Biological Nano
Manufactory have the followmg'paranietcrs: an average nanoparticle size of 11.25 nm,

and the rutin content in the nanoparticles is over 22%.
Ginkgo biloba is purchased from Shaan Meihe Biochemics Co. Ltd (China).

Solid lipid Ginkgo biloba (GBLB) nanoparticles purchased from Vietlife
Biological Nano Manufactory have the following specifications: an average nanoparticle

size 0f 9.943 nm, and the GBLB content in the nanoparticles is over 22%.

In additjon, there are included excipient materials such as glyceril monostearate,

stearic acid, magnesium stcarate, Tween 80, Jecithin, Gac oil, and soybean oil. All of
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these are raw materials for use according to Vietnamese standards as pharmaceutical

formulative materials in accordance with the regulations.

Equipments used according to the invention include a heated gelating device, a

temperature controller, a vacuum forming device, and a controllable mixer.

The process for preparing the composition accordihg to the invention comprises

the following steps:

Step 1: Preparing a carrier solution: Add soy bean oil to a reaction flask. Heat the
solution at 70-100°C, prcferably 80°C. Evenly stir at 250-350 rpm, preferably 300 rpm.
Next, add lecithin to the reaction flask. Boil and stir until complete dissolution. After
about 30-50 minutes, preferably 45 minutes, further add the surfactant Tween 80 to the
flask. Mildly boil and evenly stir in about 80-100 minutes, preferably 90 minutes, until

the carrier solution becomes transparent,

Step 2: Preparing a conjugated lipid nano-presuspension of three active
ingredients/carriers: Slowly add solid lipia nano Panax notoginseng saponins to the
reaction flask while maintaining the temperature at 80-90°C under fast stirring at 400-600
rpm, preferably 500 rpm. The mixture is stirred and boﬂed until the solid lipid nano Panax
notoginseng saponins are completely dissolved. Further add solid lipid nano rutin thereto
while maintaining the same temperature and stirring speed until the solid lipid nano rutin
is cmﬁpletely dissolved. Then, add solid lipid nano Ginkgo biloba thereto while
maintaining the same temperature and stirring speed until the solid lipid nano Ginkgo

biloba is completely dissolved.

Step 3; Preparing a conjugated pre-sol-gel lipid nano-composition of three active
ingredients: The carrier mixture containing three solid lipid nano components is mixed in
about 3-24 hours. The reaction time depends on the content of each product batch: in lab
for about 3 hours, semi-industrial production for about 7 hours, and industrial production
for 18-24 hours,

Step 4: Preparing a conjugated sol-gel organic lipid nano-composition of three

active ingredients: Adjust the contents of the organic sol-ge! components to achieve the
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standard technical parameters, including the contents of Panax notoginseng saponins,
rutin, and Ginkgoe biloba.

Step 5: Obtaining a finished composition: The gel formation at gel resolution
temperature comprises gelation at normal temperature (room temperature), storage

temperature (below 24°C), and gel resolution at 35-37°C (human body temperature).
Examaples
Example 1: Method of preparing a composition according to the present invention

One soft 900 mg capsule of the composition was produced using the following

components:
(a) Solid lipid nano Ginkgo biloba: 250mg;
- (b) Solid lipid nano rutin: 25mg;
(C) Solid lipid nano Panax notoginseng saponins: 125mg;
(d) Soy bean oil: 450mg;
'(¢) Lecithin: 40 mg;
" (f) Tween 80: 10mg.
450mg of soy bean oil was added to a reaction flask, heated at 80°C while evenly
stirring at 300 rpm. Then, 40mg of lecithin was added to the flask under boiling ad
stirring until complete dissolution. 10mg of Tween 80 was further added to the flask,
lowered to below 80°C and evenly stirred in 90 minutes. 125mg of solid lipid nano Panax
notoginseng saponins was slowly added to the teaction flask, with the temperature
maintained at 90°C and the stirring speed raised to 500 rpm. The stirring and boiling
continued until complete dissolution. A similar procedure was conducted with solid Lipid

nano rutin and solid lipid nano Ginkgo biloba. The mixing was continued for 3 hours. The

sol-gel components were adjusted to reach the content standards.

Example 2: Evaluation of the vasomotor-pain elieving effects of the composition

on chronic migraine
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In the test, the white mice were randomly divided into 5 batches, each batch having
10 animals: Batch 1 (biological control) was subjected to oral administration of 0.2ml/10g
water; batch 2 (model) injected 10 mg/kg with nitroglycerin (NTG) was subjected to oral
administration of 0.2 mL/10g water; batch 3 (positive control) injected with 10 mg/kg
nitxdglycerin was subjected to oral adminisiration of 40 mg/kg propranclol; batch 4
injected with 10 mg/kg nitroglycerin was subjected to oral administration of the
composition at dose of 0.96 pill/kg/day (equivalent to the clinical dose); batch 5 injected
with 10 mg/kg nitroglycerin was subjected to oral administration of the composition at .
dose of 2.88 pill/kg/day (3 times as much as the clinical dose).

Test Results

Baseline pain threshold

Pain-inducing force in the dolorimeter (g)
Mouse batch nn

Day 3 Day 5 Day 7 Day 9 Day 11

Batch I: ,
| (biological 110 |7.6+17 .|7.9£09 |[75+14 [79+12 |76+1.1

control)

Batch 2:
(NTG 10110 {73+1.6 |62+08 [|64+07 6211 |62+05

mg/kg)

p in comparison .
. >0.05 < 0.001 <0.05 <0.01 <0.01
with the control

Batch 3: 40
mg/kg 110 [7.6x1.5 6.5+ 1.1 64+1.0 17.1+£09 71+£1.0

Propranolol

p it comparison : ‘
. >0.05 <0.001 >0.05 > 0.05 >0.05
with the control ‘
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Pain-inducing force in the dolorimeter ®
Mouse batch no

Day 3 Day 5 Day7  |Day?® Day 11
|

P in comparison

> 0.05 >0.05 >0.05 <0.05 <0.05
with the model ‘

‘Batch 4: 0.96
pil’kg 110 {7.1+£13 {71407 [65+11 |63+14 [62+09

composition

p in comparison .
>0.05 <0.05 - >0.05 <0.05 <0.01
with the contrel .

| p in comparison

>0.05 <0.05 >0.05 >0.05 > (.05
with the model ‘ .

p in comparison

with >0.05 >0.05 >0.05 >0.05 <0.05
propranolol

Batch 5: 2.88

piltkg 110 (73+£11 |62+£07 (6508 (6211 [67+£0.6
composition 7

p in comparison

. >0.05 <0.001 > (.05 <0.01 <0.05
with the control ‘ : -

p in comparison
with the model

>0.05 >0.05 >0.05 >0.05 <0.05

p in comparison )
with >0.05 >0.05 >0.05 <0.05 >0.05

propranolo]

p in comparison
with the low

> 0.05 <0.05 >0.05 > 0.05 >0.05
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_ Pain-inducing force in the dolorimeter (g)
Mouse batch on

Day 3 Day 5 Day 7 Day 9 Day 11

dose ﬂ

Table 1. Effects of the composition on the pain-inducing force in the doloritheter

Graph 1. Baseline pain threshold of the mouse batches over time

Results from Table 1 and Graph showed that the baseline pain threshold of the
mice in the mode] batch lowered at all time points of the study, most remarkably from day
5today 11 (p <0.05, p < 0.01, and p < 0.001). '

. The baseline pain threshold of the mouse batch subjected to oral administration of
40mg/kg propranolo} was greater than that of the model batch at almost all time points,
most remarkably on day 9 and day 11 (p < 0.05).

The baseline pain threshold of the mouse batch subjected to oral administration of
the composition at dose of 0.96 pill/kg was greater than that of the model batch on day 5
(p <0.05), but was not different at other time points (p > 0.05).

The baseline pain threshold of the mouse batch subjected to oral administration of
the composition at dose of 2.88 pill’kg was greater than that of the model batch on day 11
{(p < 0.05), but was not different at other time points (p > 0.05).

The effect of the composition at both doses was poorer in comparison with the

40mg/lcg propranolol.

FPain threshold after treatment

Pain-inducing force on the dolorimeter (g)
Mouse batch nn

Day3 Day 5 Day 7. Day 9 [ Day 11

Batch 1: 7 .
(biological 1,10 83+1.2 7.6+0.7 72+1.1 78+13 72+07

'control) '
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| Pain-inducing force on the dolorimeter (&)

Mouse batch nn

Day 3 Day 5 Day 7 Day 9 Day 11

Batch 2:

{110 |6.1£09 [S1:11 [62+05 [58+0.6 (58+0.8
(NTG 10mg/kg)

p in comparison
' <{.001 <0.001 <0.05 <0,001 <0.01
- | with the control :

Batch 3:
40mg/kg 110 | 6.8+1.2 7.0+ 1.0 6.7 i.O.S 6.7+ 0.5 7807

( Propranclol

p in comparison
<0.05 >0.05 >0.05 <0.05 <0.01
with the control A '

p in comparison
> 0.05 <0.01 <0.05 <0.01 <0.001
with the model .

Batch 4: 0.96
pill/ke 110 |62+12 |64+13 ‘|61+1.1 |66+07 |67+1.0

composition

P in comparison '
. <0.001 <0.05 >0.05 <0.05 >0.05
with the control

p in comparison .
>0.05 <0.05 >0.05 <0.05 <0.05
with the model

p in comparison
with >0.05 >0.05 >0.05 >0.05 <0.05

propranolol

Batch 5: 2.88
pill/kg

110 (6011 |6.0+08 [68+06 1{63+03 |74%=14

10
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Pain-inducing force on the dolorimeter (g)
Mouse batch nn ]
Day 3 Day 5 Day 7 Day 9 Day 11

composition

p in comparison

< 0,001 <0.01 > 0.05 < (.01 > 0.05
with the control ‘ _

p in comparison
with the model

>0.05 <0.05 <0.05 <0.05 <0.01

p in comparison

with > 0.05 >005 |>005 >005  [>0.05
propranolol
Tﬂomparison ' _ B
with the Jjow > 0.05 >0.05 >0.05 >0.05 >0.05
-{ dose

Table 2. Effects of the composition on the pain-inducing force in the dolorimeter -
Graph 2. Pain threshold after treatment of mouse batches over time
Results from Table 2 and Graph 2 showed that:

The pain threshold after NTG injection of the mice in the model batch was
remarkably lower at all time points of the study (p < 0.05, p<0.01,and p < 0.001).

Pain threshold after the oral drug administration of the mice in the oral 40mg/kg

propranolol batch was greater than that of the model batch at all time points, which was
most remarkable from day 5 to day 11 (p < 0.05, p < 0.01, and p <0.001).

The pain threshold after the oral drug administration of the mice in the oral 0.96
pill/kg composition batch was greater than that of the model batch at almost all time
points, most remarkably on day 5, day 9, and day 11 (p < 0.05). The effect was poor in

coﬁ:palison with the 40mg/kg propranoiol.

11
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The pain threshold after the oral drug administration of the mice in the oral 2.88
pil’kg composition batch was greater than that of the model batch at almost all time
points, most remarkably from day 5 to day 11 (p < 0.05, and p < 0.01). The effect was
equivalent to the 40mg/kg propranolol. |

Conclusion

The composition at doses of 0.96 pill’kg and 2.88 pill’lkg were effective in

lowering the pain threshold after treatment in the chronic migraine model.

The composition at dose of 2.88 pill’kg was more effective than at dose of 0.96
pillkg and was equivalent to the 40mg/kg propranolol.

Example 3; Studies on the sedative effect of the composition on the advanced phus

model

In the test, the white mice were randomly divided into 4 batches, each batch having
10 animals: Batch 1 (bibfogical control) was subjected to oral administration of 20
mL/kg/day distilled water; batch 2 (positive control) was. subjected to oral administration
of 2.4 mg/kg/day diazepam; batch 3 was subjected to oral administration of the
composition at dose of 0.56 pill’kg/day (equivalent to the clinical dose); batch 4 was
subjected to oral administration of the composition at dose of 2.88 pill/kg/day (3 times as

much as the clinical dose).

Results

Number of times of mouse { Time of mouse introduction
introduction into the close | into the close branch (second)

branch

Mouse baich

Before  oral
administration
.| of the drug

After 7 days
of oral
administration
of the drug

Before  oral
administration
of the drug

After 7 days
of oral
administration
of the drug

12
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Batch 1: | 11.10 10.50 176.70 182.10
10
Biological coritrol +2.56 +2.80 +33.77 +36.27
Batch 2: Diazepam 11.50 6.40 173.70 121.20
. |10 :
at 2.4 mg/kg/day +232 +2.07 +36.50 +£27.18
p in comparison with : : '
>0.05 <0.0] >0.05 <0.01
batch 1
Batch 3: Composition 10.60 7.50 187.10 136.70
10 '
of 0.96 pill/kg/day +3.34 +2.42 +41.02 +40.32
p in comparison with
>0.05 <0.05 > 0.05 <0.05
batch 1 .
p in comparison with
' >0.05 >10.05 - 1>0.05 >0.05
‘batch 2 :
Batch 4: Composition 10.90 6.10 182.10 124.90
10 _ .
of 2.88 pill/kg/day +2.38 £2.02 +39.03 +26.48
p in comparison with !
> 0.05 <0.01 > 0.05 <0.01
batch 1 ‘
pin combarison with
>0.05 >0.05 >0.05 >0.05
batch 2 -

Table 3. Effect of the composition on the number of times and time of mouse introduction

into the the close branch

Results from Table 3 showed that after 7 days of oral administration of 2.4
mg/kg/day ‘diazepam and the composition at doses of 0.96 pill/kg/day and 2.88
pill/kg/day, the number of times and time mouse introduction into the close end was
lower in comparison with the drug pretest and in comparison with the biological control
batch, wherein the difference was statistically significant (p<0.05). The effect of the

composition at both doses was equivalent to the 2.4 mg/kg/day diazepam.

13
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Number of times of mouse | Time of mouse introduction—|
introduction into the open | into the open branch (second)
branch

Mouse batch n |Before oral | After 7 days After 7
administration | 5 1 Before  oral
o ora -
N administration | 9%¥® °F ol
of administration administration
' of the drug
the drug of the drug of the drug
Baich 1: Biological - 84.50 80.40
10 13.90:£1.20 3.70+1.06 o
control +24.66 +26.73
Batch 2: Diazepém : 90.40 150.10
' 10| 4.30+1.42 6.90 £ 2.33 '
at 2.4 mg/kg/day - +29.51 +26.36
p in comparison with
> 0.05 <0.001 >0.05 <0.001
batch 1
Batch - 3 :
. . 81.70 131.80
Composition 10370 1.16 |610+2.13
. +26.59 +39.40
of 0.96 pill/kg/day
p in comparison with '
> 0.05 <0.05 >0.05 <0.01
batch 1
p in comparison with
>0.05 >0.05 > 0.05 >0.05
batch 2
Batch 4: ]
. 83.80 148.40
Composition 10 {4.10£1.10 650212
. : +27.58 +33.08
of 2.88 pill/kg/day
p in comparison with :
>0.05 <0.01 >0.05

batch 1

< (0.001

14
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p i comparison with

>0.05 > 0.05
batch 2
Batch 4: Composition

, 10 7020+ 923 ©147.15+£9.96 < 0.0001

of 2.88 pill/kg/day
p in  comparison with

>0.05 <.0.0001
batch 1 -

in comparison with

P v > 0.05 . 1>0.05
batch 2

Table 5. Effect of the composition on avoidance rate at the open branch of the mice

Results from Table 5 showed that after 7 days of oral administration of 2.4
mg/kg/day diazepam and the composition at doses of 0.96 pill/kg/day and 2.88
pillkg/day, the avoidance rate at the intake end of the mice reduced in comparison with
the drug pretest and in comparison with biological control batch, wherein the difference
was statistically significant (p<0.001). The effect of the composition at both doses was
equivalent to the 2.4 mg/kg/day diazepam. '

Example 4: Anticonvulsant effect evaluation of the composition

In the test, the white mice were randomly divided into 4 batches, each batch havin g
10 animals: Batch 1 (biological control) was subjected to oral administration of 20
mL/kg/day distilled water; batch 2 (positive control) was subjected to oral administration
of 2.4 mg/kg/day diazepam; baich 3 was subjected to oral administration of the
éomposition at dose of 0.96 pill/kg/day (equivalent to the clinical dose); batch 4 was
subjected to oral administration of the composition at dose of 2.88 pill/kg/day (3 times as
much as the clinical dose). After the mice were injected with ﬁikathamide, the time of .

convulsion onset and the death time of the mice were taken.

Time of convulsion | Death time of the mice after
Mouse batch n i ) .
onset nikethamide injection

16
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(minute) (minute) ]
Batch 1: Mb binh 10 1.37% 0.36 8.31+24]
| Batch 2: Diazepam
10 | 2.08+0.55 14.91 +3.67
at 2.4 mg/kg/day
p in comparison with ‘ .

‘ <0.01’ <0.001
batch 1 N
Batch 3: Composition

10 1.41 £ 0.44 8.83+255
at dose of 0.96 pill/kg/day
p in comparison with |- |
. >0.05 > 0.05
batch 1 o
p in comparison ' with | - ' | '
- : | <005 . <005
batch 2 ‘
Batch 4: Composition
10 1.45% 0.48 8921272
at dose of 2.88 pill/kg/day
p in comparison with o T ‘
>0.05 >0.05
batch 1 o ‘ o
in comparison with : : ‘
(P P <0.05 . <0.05
batch 2

Table 6. Effects of the composition on the time of convulsion onset and the death time of

the mice after nikethamide injection

Results from Table 6 showed that 2.4 mg/kg/day diazepam took effects in
prolonging the time of convulsion onset and the death time of the mice after nikethamide

injection, which was statistically significant in comparison with the model batch (p<0.05).

The composition at doses of 0.96 pill’kg/day and 2.88 pill/kg/day had a tendency

to prolong the time of convulsion onset and the death time of the mice after nikethamide

17
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injection in comparison with the model batch, but the difference was not statistically

significant with p>0.05.
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