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SOLID LIPID NANO-COMPOSITION CONTAINING BERBERINE AND
CINNAMONALDEHYDE EFFECTIVE IN TREATING DIABETES,
DYSLIPIDEMIA, AND METHOD OF PREPARING THE SAME

Field of the Invention

The present invention relates to a solid lipid nano-composition containing
berberine and cinnamonaldehyde effective in treating diabetes and dyslipidemia, and a

method of preparing the same.
Background of the Invention
' Berberine and its pharmacological effects

Berberine is an alkaloid isoquinoline, the main ingredient that can be extracted from
several herbs, including a group of srubs called Berberis. The chemical structure of

berberine is shown in Figure 1 (see the Drawing used in the present invention).

The herbs containing berberine have been used to treat intestinal infection,
particularly bacterial diarrhea. Berberine has been tested in hundreds of different studies.
It has a great impact on various biological systems. After oral administration, Berberine is
introduced into the body and delivered into the blood, then into the body cells. Within the
cells, it binds with different "molecular targets" and changes their fimctions. This is
similar to how pharmaceutical drugs function. One of the main finctions of berberine is
to activate an enzyme within the cells called AMP-activated protein kinase (AMPK).
AMPK is found in the cells of different organs, including brain, muscies, kidneys, heart,
and liver. This enzyme plays the main role in metabolic regulation. Berberine also affects
other molecules in the cells and can even affect the on/off genes. Berberine has an impact

on the body at a molecular level and has many functions within the cells.
Cinnamon

Cinnamon (Cinnamomum zeylonicum, and Cinnamomum cassia), is a tree of the
* Lauraceae family in tropical medicine that dates back to ancient times, Cinnamon is one
of the most important spices that are widely used all over the world. Cinnamon mainly

contains important oils and other derivatives, such as cinnamonaldehyde, cinnamic acid,
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and cinnamate. Other than making an antioxidative, anti-inflammatory, anticoagulant,
antibiotic, anticarcinogenic, lipid lowering, and blood pressure reducing drug, cinnamon
has also been reported to have activities against neurological disorders, such as
Parkinson's disease and Alzheimer's disease. This evaluation illustrates the potential

pharmacology of cionamen and its daily uses.
Summary of the Invention

| The objective of the present invention is to provide a composition of low toxicity
and great bioavailability, and enhance the ability to reduce insulin resistance, allowing the
sugar level in blood to more effectively iuducé the reduction of insulin hormone.
Hyperglycolysis allows. the body to decompose sugar in cells. Sugar production is
reduced in the liver. Carbohydrate decomposition is slowed down in the intestines, The

mumber of beneficial microbes increases in the intestines.

To achieve the above objective, the composition is prepared from a bicomponent
system, according to the solid lipid nanotechnology, comprising cinnamonaldehyde
extracted from the Vietnamese cinnamon and berberine as a bicactive compound

extracted from several plants, including a group of shrubs called Berberis.
" The composition comprisés the following components:
(a) Solid lipid nano berberine: 5-25%;
(b) Solid lipid nano cinnamenaldehyde: 1-15%;
(¢) Glycerol monostearate: 5-15%;
(d) Soy bean oil: 60-80%;
(e) Lecithin: 5-10%;
(f) Tween 80: 0.01-1%.

-The present invention provides a process for preparing the aforementioned

composition, comprising the following steps:

i) Producing a solution .of solid lipid nano berberine;
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il) Producing a  bicomponent system of solid lipidd nano

berberine/cinnamonaldehyde;
ii1) Producing a pre-composition; and
iv) Obtaining a finished composition.
Brief Description of the Drawings
Figure 1 shows the chemical structure of berberine.
Figure 2 shows the main mechanisms of b’erbcﬁﬁe in lipid conversion.

Figure 3, and Figure 4 show the chemical structures of some important

components present in cinnamon.

Figure S illusirates a process for preparing a composition that is effective in

treating diabetes and dyslipidemia.
Detailed Description of the Invention
T};c composition according to the invention comprises the following components:
() Solid lipid nano berberine: 5-25%;
(b) Solid lipid pano cinnamonaldehyde: 1-15%;
{(c) Glycerol monostearate: 5-15%;
(d) Soy bean oil: 60-80%;
(e) Lecithin: 5-10%;
(f) Tween 80: 0.01-1%.

The process for preparing the composition according to the invention undergoes

the following steps:

Cinnamonaldehyde is extracted from Cinnamon from Quang Nam, Vietnam by

steam distillation, with the achieved cinnamonaldehyde content is over 98%.

Berberine hydrochloride is purchased from Northeast Pharmaceutical Group Co.
LTD. (China).
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Berberine/cinnamonaldehyde solid lipid nanoparticles are purchased from Vietlife
Nano Biological Manufactory) with the following parameiers: the average nanoparticle
size of 15.8 nm. The berberine content in the nanoparticles is over 22%, and the

cinnamonaldehyde content of 12%.

In addition, there are included excipient materials such as glyceril monostearate,
stearic acid, magnesium stearate, Tween 80, lecithin, Gac oil, and soybean oil. All of
these are raw materials that meet the basic standards for use as pharmaceutical

formulative materials in accordance with the regulations.

Equipments vsed in the invention include a heated gelating device, a temperature

adjuster, vacuum forming device, control mixer,
Step 1: Producing a solution of solid lipid nano berberine:

Add solid lipid nano berberine to a reaction flask 1 containing 96% cthyl alcohol
under heating at 40-50°C until the solid lipid nano berberine particles are completely
dissolved. Boil and stir the mixture at 70-80°C. Obtain solid lipid nano berberine in the

cthyl alcohol solvent. Transfer the mixture from the reaction flask 1 to a reaction flask 2.

Step 2: Producing a bicomponent system of solid lipid nano berberine/

cinnamonaldehyde:

Next, add cinnarhonaldehyde to the above solid lipid nano berberine solution. Boil
and evenly stir the solution at 60-80°C, preferably 70°C. After about 50-70 minutes,
preferably 60 minutes, raise the temperature to 90-120°C, preferably 100°C, to remove the
ethyl alcohol solvent. Boil and evenly stir the mixture at this temperature in about 100-
130 minutes, preferably 120 minutes, to produce a bicomponent system of solid lipid

nano berberine/cinnamonaldehyde,
Step 3: Producing a pre-composition:

Add soy bean oil, lecithin, and Tween 80 to the reaction flask; heat the mixture at
90-100°C; evenly stir the reaction mixture at high speed until the formation of a

transparent gel; stop the reaction; obtain a pre-composition.
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Step 4: Obtaining a finished composition:

Adjust-the contents of the organic sol-gel components io achieve the standard
technical parameters, which include the content of solid lipid nano berberinc and the
content of solid ﬁpid nano cinnamonaldehyde. The formation of smart gel at gel
rcsolution. temperature comprises gelation at normal temperature (room temperature) or

storage temperature {below 24°C).
Examples
Example 1: Method of preparing a composition; the example is used to disclose the

present invention, not to limit the scope of the present invention

The preparation of one soft capsule containing 500 mg of the composition requires

the following components:
(a) Solid lipid nano berberine: 10 mg;
(b) Solid lipid nano cinnamonaldehyde: 5 mg;
(¢) Glycerol monostearate: 50 mg;
(d) Soy bean oil: 400 mg;
(e) Lecithin: 30 mg;
(£) Tween 80: 5 mg,

10 mg of solid lipid nano berberine was added to' a reaction flask 1 already
containing 96% ethyl alcohol under heating at 50°C until the solid lipid nano berberine
particles were completely dissolved, raised to 80°C while stirring to obtain solid lipid
nano berberine in ethyl alcohol. Then the mixture was transfered to a reaction flask 2.
Next, 5 mg of cinnamonaldehyde was added to the solution, heated and evenly stirred at
70°C. After about 60 minutes, the temperature was raised to 100°C to remove the ethyl
alcohol solvent. After boiling and ‘even stirring at this temperature for about 120 minutes,
a bicomponent system of solid lipid nano berberine/cinnamonaldehyde was obtained. To
the reaction flask was added 400 mg of soy bean oil, 30 mg of lecithin, and 5 mg of tween
80, maintained at 100°C under high-speed stirting until a transparent gel was obtained.
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Then the reaction was stopped. The contents of the organic sol-gel components were
adjusted to achieve the standard technical paafanietcrs, including the content of solid lipid
naro berberine and the content of solid lipid nano cinnamonaldehyde. The formation of
smart gel at gel resolution temperature comprises gelation at normal temperature (room

temperature} or storage temperature (below 24°C).

Example 2: Evaluation of dyslipidemia regulation effects of the composition in empirical

cndogénous models

The test on white mice was divided into 5 batches, each batch having 10 animals.

The batches were subjected to injection and oral administration as follows:

Batch 1 (biological contfol): 0.9% saline was intraperitoneally injected at a volume
of 0.] mL/10g mouse body weight and 0.2 mi/10g distilled water was orally
administered. - '

Batch 2 (model): 2% P-407 solution was intraperitoneally injected at 200 mg/ke
(0.1ml./10g), and 0.2 mL/10g distilled water was orally administered.

Batch 3 (positive control): 2% P-407 solution was intraperitoneally injected at 200
mg/kg (0.1 mL./10g), and 100 mg/kg (0.2 mL/10g) atorvastatin was orally administered.

Batch 4: 2% P-407 solution was intraperitoneally injected at 200 mg/kg (0.1
ml/10g), the composition was orally administered at 0.24 g/kg/day (equivalent to the
clinical intended dose), at 0.2 mlL/10g,

Batch 5: 2% P-407 solution was intraperitoneally injected at 200 mg/kg dose (0.1
mL/10g), the composition was orally administered at dosage 0.72 g/kg/day (3 times as
much as the clinical intended dose), at 0.2 mL/10g. |

White mice were subjected to oral administration of distilled water and and the
sample drug in 7 continuous days before the intraperitoneal injection with P-407 solution.
After P-407 injection, the mice Were left to starve completely but were free to drink
watér. After 24 howrs from the P-407 injection, all of the mice received carotid arterial
blood sampling for TG, TC, and HDL-C quantitative testing. Non-IIDL-C levels were

calculated based on the following formula:
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Non-HDL-C = TC - HDL-C (mmol/L)
Test Resulis
Total cholesterol levels

Table 1. Effects of the composition on the total cholesterol level in white mouse blood

Total Reduction in p-valuein | p-valuein
Study batch cholesterol comparison comparison | comparison
(2=10) level | with the model | with Batch | with Baich
s {mmol/L) batch 2 3
Batch 2: Model . |8.70%1.76
Batch 3: 100 m
. ghe '8.20+1.01 5.7% p>001
Atorvastatin :
Batch 4: 0.24 da '
. ghg/day 7.21£0.72 17.1% p<0.05 p<0.05
composition . ‘
Batch 5: 0.72 gkg/da
. ghe/day 7.21+1.16 17.1% p <0.05 p>0.05
composition : .

Results from Table 1 showed that the oral 100 mg/kg atorvastatin batch reduced the
total cholesterol level in comparison with the model batch (5.7% reduction). However, the

difference showed no statistical significance (p > 0.05).. -

The oral composition batches at both doses of 0.24 p/kg/day and 0.72 g/kg/day
reduced the total cholesterol level in comparison with the model batch (17.1 % reduction),

with the difference being statistically significant (p < 0.05).
Triglyceride levels

Table 2. Effects of the composition on triglyceride level in white mouse blood
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Triglyceride Reduction in al i i
: -value in {. in
Study batch comparison P . P '
level _ comparison | comparison
(0=10) amol Wil e Batch2 | with Batch 3
with Batc with Batc!
( , VL) model batch
Batch 2: M6 hinh 6.68 +2.19
Batch' 3: 100 mglkg
, 9.77+1.05 |-463% p<0.01
Atorvastatin
Batch 4: 0.24 g/kg/day
. 434+144 |350% p <0.05 p<0.001
composition : :
Batch 5: 0.72 g/kg/day .
. 581+£1.77 [13.0% p>0.05 p <0.001
composition

Results from Table 2 showed that all oral 100 mg/kg atorvastatin batches did not
reduce the triglyceride level in comparison with the model batch, with the difference
being statisticélly significant (p <0.01).

The oral low dose composition batch (0.24 g/kg/day) clearly reduced the triglyceride
level in comparison with the model batch (35% reduction), with the difference being

statistically significant (p < 0.05).

The oral high dose composition batch (0.72 g/kg/day) tended to reduce the
triglyceride level in comparison with the model batch. However, the difference howed no

statistical significance (p > 0.05).

The composition at both doses was effective in reducing triglyceride better than

atorvastatin, with the difference being statistically signiﬁcaut (p <0.001).
HDL-cholesterol levels

Table 3. Effects of the composition on HDL-cholesterol concentration in white mouse
blood
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Study batch HDL-C Jevel pn pin
comparison | comparison
(=10 (mmol/L) | with batch2 | with batch 3
Batch 2: Model 1.78 + 0.64 ]
Batch 3: 100 mgkg|212+0.41
: : p>0.05
Atorvastatin (T 19.1 % )
Batch 4: 024 day | 1.53+0.36
. ghe/any p>0.05 p <0.01
comiposition (1 14.0 %)
Batch 5: 0.72 g/kg/day | 1.53+0.42 :
] p>0.05 p <0.01
composition (| 14.0 %) ! .

Results from Table 3 showed that in the oral 100 mg/kg/day atorvastatin batch, there

was a tendency to increase the HDL-C level in comparison with the model batch.

However, the difference showed no statistical significance (p > 0.05).

The oral composition batches at both doses of 0.24 g/kg/day and 0.72 g /kg/day did

not increase the HDL-C level in comparison with the model batch, with the difference

being not statistically significant (p>0.05).

- Non-HDL-cholesterol levels

Table 4. Effects of the composition on non-HDL-cholesterol level in white mouse blood

. Reduction in | p in|p in
Non-HDL-
Stady batch comparison | comparison | comparison
cholesterol  level
(n=10) with the | with batch | with batch
(mmol/L)
model 2 3
Batch 2: Model 692147
Batch 3: 100 mg/kg ‘
6.08 + 0,88 12.1 % p>0.05

Atorvastatin
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Reduction in | p in|p in
I Non-HDL-
Study batch hotesiorol  Tevel comparison | comparison | comparison
cholestero eve
(n=10) - VL with the | with batch | with batch
mmo '
(o ) model - 2 3
Batch 4: 0.24 da '
ghg/dzy 5.68 £0.77 17.9% p<0.05 p>0.05
composition _
Batch 5: 0.72 g/kg/day | :
. gk 5.68 £ 0.94 17.9 % p<0.05 p>0.05
composition : S ' A

Results from Table 4 showed that the oral 100 mg/kg atorvastatin baich tended to
reduce the non-HDL cholesterol level in comparison with .the model batch, in which the

difference showed no statistical significance (p > 0.05).

The oralrcomposition batches at both doses reduced the non-IIDL cholesterol level,
which was statistically significant in comparison with the model batch (17.9% reduction)
(p <0.05).

Conclusion

The 0.24 g/kg/day composition (equivalent to the clinical intended dose, computed
based on the coefficient 12) reduced the total cholesterol (TC), triglyceride (TG), and
non-HDL-cholesterol (non-HDL-C) [evels in comparison with the model batch. The low
dose composition did not increase the HDL-cholesterol level in the white mouse models

of P-407-induced dyslipidemia.

The high dose Vieﬂife composition (0.72 g/kg/day) (3 times as much as the clinical
intended dose in human) was effective in reducing the total cholesterol (TC) and non-
HDL-cholesterol (non-HDL-C) levels, and tended to reduce the tryglyceride (TG) level.
The high dose composition did not increase the HDL-cholesterol lévcl in the white mouse

models of P-407-induced dyslipidemia.
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