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' Title of Invention: Plant Extract That Inhibits Release of TNF-alpha.

Inventor: David Tsai

BACKGROUND ART
This invention relates to a naturally occurring extract Kas from the Melothria indica Lou

plant that inhibits the release of cytokines such as Tumor Necrosis Factor-alpha (TNF-alpha)
by immune response cells, such as macrophages, for the therapeutic treatment of disease
including sepsis.

Many of the toxic effects of endotoxins can be mimicked in vivo by TNF-alpha or IL-1
beta themselves (Norogrodsky, et. al., 1994, Science 264:1319). Tumor necrosis factor-alpha
(TNF-alpha), a 17 Kda protein produced by macrophages and other cells, was discovered by |

~ separate groups of investigators pursuing mediators of disparate diseases. The pleiotropic

nature of TNF-alpha prevents generalization about whether it is beneficial or injurious. It is
clear that, in some instances, the local effects of TNF-alpha improve host defense mechanisms
by mobilizing substrate, increasing immune cell function, and stimulating inflammation. But,
in other cases, the toxicity of TNF-alpha may cause disease by mediating septic shock, tissue
injury, or catabolic illness. TNNF-alpha has been implicated in many diseases including: AIDS,
Anemia, Autoimmune Disease, Cachexia, Cancer, Cerebral Malaria, Diabetes Mellitus,
Disseminated Intravascular Coagulopathy, Eurthyroid Sick Syndrome, Hemorrhagic Shock,
Hepatitis, Insulin Resistance, Leprosy, Leukemia, Lymphoma, Meningitis, Multiple Sclerosis,
Myocardial Ischemia, Obesity, Rejection Of Transplanted Organs, Rheumatoid Arthritis, Séptic
Shock, Stroke and Tuberculosis (Tracey, K.J., Tumor Necrosis Factor-alpha in The Cytokine
Handbook (Academic Press Limited 1994)).

Septic Shock Syndrome, a frequently lethal complication of infectious disease, ills
85,000-150,000 people in the USA annually (Tracey, K.J., Tumor Necrosis Factor-alpha in
The Cytokine Handbook (Academic Press Limited 1994)). This disease is caused by a massive
systemic infection by Gram-negative bacteria. Due to excessive stimulation of the host immune
system by the endotoxin lipopolysaccharide (LPS), which is present on the outer membrane of
the bacteria, the host immune cells, mainly macrophages, produce several cytokines such as
Tumor Necrosis Factor-alpha (TNF-alpha), Interleukin 1-Beta (IL-I Beta), Interleukin 6 (IL-6)
and Nitric Oxide (NO), which are the main modulators of the response to LPS (Norogrodsky,
et. al., 1994, Science 264:1319). It has been reported that anti-TNF monoclonal antibodies

‘prevent the development of septic shock in animal studies (Tracey, et. al., 1987, Nature -

330:66; Beutler, 1985, Science 229:869; Mathison, et. al., 1988, J. Clin. Invest. 81:1925;
Grau, et. al., 1987, Science 237:1210). These findings provide a rationale for the removal of
TNF for the purpose of the treatment of sepsis shock. We have discovered a component
designated as Kas from the extract of plant Melothria indica Lou that functionally removed
TNF-alpha by blocking the release of TNF-alpha by macrophage. In a sepsis animal model,
we found that Kas prevents death in sepsis-induced mice.
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BRIFF SUMMARY OF THE INVENTION
It is the object of this invention to use an extract of the Melothria indica Lou plant,

designated “Kas,” as a therapeutic agent for the treatment of TNF-related diseases, such as
Sepsis.

It is another object of this invention to employ a method to isolate and to purify the
active component Kas, which is present in the extract of the Melothria indica Lou plant and
inhibits the secretion of TNF by endotoxin-stimulated macrophages.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1. SCD Reverse-Phase Chromatography (PBS Elution) of The Extract of Melothria
indica Lou. ‘ ‘
Fig. 2: Elisa Assay Of TNF-Alpha Released from LPS Macrophage in the Presence or
Absence of the Aqueous Extract Of Melothria indica Lou.

Fig. 3: SCD Reverse-Phase Chromatography (Organic Solvent Elution).

Fig. 4: RPP-100 Reverse-Phase Chromatography (Organic Solvent Elution).

Fig. 5: AX-100 Anion Exchange Chromatography (PBS Elution).

Fig. 6: AX-100 Anion Exchange Chromatography (PBS Gradient Elution).

Fig. 7: Silica Gel Chromatography. o

Fig. 8: Table showing the effect of Kas on mortality in lethal toxicity produced in

Balb/C mice using galactosamine and lipopolysaccharide.

DETAILED DESCRIPTION OF THE INVENTION
While the invention will be described in connection with preferred embodiments, it will
be understood that it is not intended to limit the invention to those embodiments. On the
contrary, it is intended to cover all alternatives, modifications, and equivalents as may be
included within the spirit and scope of the invention as defined by the appended claims.
This patent application describes an extract from the Melothria indica Lou plant for the

inhibition of cytokines for the therapeutic treatment of disease such as sepsis.

1. EXTRACT OF THE MELOTHRIA INDICA 1.OU INHIBITS TNF SECRETION.
Melothria indica Lou is a popular herb emerging in certain Asian countries such as -
India, Taiwan and Japan. It is a perennial plant that thrives on lowland, hillside and bushes of
the above-mentioned countries. The stems and/or leaves of Melothria indica Lou are used as a
herb that is believed to be beneficial to certain diseases such as cancer, soreness of the throat
and acute conjunctivitis. We have discovered that the aqueous extract of Melothria indica Lou
contains an activity that blocks the release of TNF-alpha by endotoxin-stimulated macrophage.

This finding is described as following:
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a. Preparation of the Extract of Melothria indica L.ou.
The fruit of Melothria indica Lou was dried and chopped into small pieces. Thirty (30)

grams of the dry material was extracted with 40 ml of hot (90-100 °C) phosphate buffer saline
(PBS) for 10 minutes. The aqueous extract was collected by filtration.

b. Fractionation of the Aqueous Extract of Melothria indica Lou.
The aqueous extract (1 ml) was fractionated by a reverse phase HPLC column

(SynChropak SCD, MICRA Scientific Inc., Northbrook, IL) by eluting the column
isoératically with a chromatographic medium such as PBS. The elution profile is shown in
Fig. 1. Fraction No. 6 was found to contain an activity blocking the release of TNF-alpha
from LPS-stimulated macrophage by a TNF-alpha ELISA assay.

c. ELISA Assay for TNF-alpha.
An ELISA assay kit purchased from R & D System (Minneapolis, MIN) was used to-

assay TNF-alpha released from LPS-stimulated macrophage in the presence or absence of the
aqueous extract of Melothria indica Lou. The principle of ELISA assay is based on the
capture of TNF by a TNF antibody followed by a secondary antibody that has been conjugated
with an enzyme capable of the generation of a color reaction. The amount of TNF released by
macrophage was quantified by the colormetric absorption at a certain wavelength.

As shown in Fig. 2, the left two wells marked with blank contain the TNF—alpha
released by non-stimulated macrophage. The next two wells marked with L contain the TNF-
alpha released by LPS-stimulated macrophage. The wells marked with 8, 10 and 12 contain
the TNF-alpha released by LPS-stimulated macrophage in the presence of 8, 10 and 12 pl of
Fraction No. 6 (see elution profile of SCD column) of the extract respectively. The intensity of
the color, which reflects the amount of TNF released by the macrophages, clearly demonstrate
that the Fraction No. 6 of the plant extract contains an activity blocking the release of TNF by
macrophage. .

2. PURIFICATION OF Kas ‘ :
Using the ELISA assay as described above, the active component inhibiting the release

of TNF-alpha by LPS-stimulated macrophage was purified by the following procedure:

a. SCD reverse phase chromatography (PBS elution).

The ‘aqueous extract (1 ml) was fractionated by a reverse phase HPLC column
(SynChropak SCD, MICRA Scientific Inc. Northbrook, IL) by eluting the column isocratically
with PBS. The elution profile was shown in Fig. 1. Fraction No. 6 was found to contain
an activity blocking the release of TNF-alpha from LPS-stimulated macrophage by testing with
a TNF-alpha ELISA assay.



10

15

20

25

30

35

WO 02/36737 PCT/US01/45345

b. SCD Reverse Phase Chromatography (organic solvent elution).

Fraction No. 6 from the previous step was collected and applied to the same SCD
reverse phase chromatography column equilibrated with H20: CH3CN=(50:50) containing
0.1% Trifluoroacetic acid. The column was isocratically eluted with the same solvent. The
elution profile was shown in Fig. 3. Fraction Nos. 6 and 7 are found to contain an activity
inhibiting the release of TNF-alpha by LPS-stimulated macrophage by testing with a TNF-
alpha ELISA assay.

c. RPP Reverse Phase Chromatography.

Fractions Nos. 6 and 7 collected from the previous step were applied onto a RPP
reverse phase chromatography column (MICRA Scientific Inc. Northbrook, IL) equilibrated
with 0.1% Trifluoroacetic acid in water. The column was eluted by a solvent gradient created

by 0.1% Trifluoroacetic acid (solvent A) and H20:CH3CN=(50:50) containing 0.1%

Trifluoroacetic acid (solvent B). The gradient was generated by 100% solvent A and 0%
solvent B at time zero (0) followed by increasing solvent B from 0% to 100% after 20 ml
elution volume. The elution profile was shown in Fig. 4. Fraction 2 was found to contain an
activity inhibiting the release of TNF-alpha by LPS-stimulated macrophage by testing with a
TNF-alpha ELISA assay. ‘

d. AX-100 Anionic Exchange Chromatography (PBS elution ).

Fraction No. 2 collected from the previous step was applied onto a AX-100 anionic

_exchange chromatography column (MICRA Scientific Inc. Northbrook, IL) equilibrated with

PBS. The column was eluted isocratically by PBS. The elution profile was shown in Fig. 5.
Fractions Nos. 9 and 10 were found to contain an activity inhibiting the release of TNE-alpha
by LPS-stimulated macrophage by testing with a TNF-alpha ELISA assay.

e. AX-100 Anion Exchange Chromatography (1/10 PBS--PBS elution).

Fractions Nos. 9 and 10 collected from the previous step was applied onto a AX-100
anion exchange chromatography column (MICRA Scientific Inc. Northbrook, IL) equilibrated
with 1:10 H,0 dilution of PBS. The column was eluted by a solvent gradient created by 10%

PBS in water (solvent A) and 100% PBS (solvent B). The gradient was generated by 100%

solvent A and 0% solvent B at time zero followed by increasing solvent B from 0% to 100%
after 20 ml elution volume. The elution profile was shown in Fig. 6. Fraction 2 was found to
contain an activity inhibiting the releasé¢ of TNF-alpha by ILPS-stimulated macrophage by
testing with a TNF-alpha ELISA assay.

f. Silica Gel Chromafography.
Fraction 2 from the previous step was applied onto a silica gel chromatography column

(Partisil 5, Whatman) equilibrated with CH3CN:EtOH:H20=84.5:15:0.5). The column was
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isocratically eluted with the same solvent. The elution profile was shown in Fig. 7. Fraction
Nos. 6 and 7 are found to contain activity inhibiting the release of TNF-alpha by LPS-
stimulated macrophage. This highly purified component was designated as Kas and was used
for an animal study (mice sepsis) and a chemical structure study.

3. Kas REDUCED MORTALITY RATE IN SEPSIS-INDUCED MICE.

The highly purified active component Kas, which inhibits TNF-alpha secretion and was
extracted from the plant Melothria indica Lou, was tested on a mice sepsis model. Balb/C mice
(male) were intraperitoneally injected with galactosamine (15 mg/Kg body weight) and
lipopolysaccharide (0.1, 1 and 10 pg/Kg body weight) with or without Kas (0.5, 25, 50
mg/Kg body weight). All mice were treated with a volume of 0.2 ml single injection with
reagents mixed in pyrogen free saline. The mice were observed for seven (7) days.

The results are tabulated in Fig. 8 and indicate that Kas reduces the mortality of

- endotoxin-treated mice in a dose-dependent manner. In this mode] of sepsis using

galactosamine and lipopolysaccharide, the LD, was established at 15 mg galactosamine per
kilogram of body weight and 0.1 pg Lipopolysaccharide per kilogram of body weight. Using
1 g or 0.5 mg of Kas reversed the mortality to give a 100% survival rate. Kas given at 0.01
mg/kg gave a 60% survival rate.
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IClaim:
1. A method of treatment of sepsis by the administration of Kas to subjects having
sepsis.

2. The method of treatment of sepsis of claim 1 wherein the dosage of Kas is
between about 0.01 mg/kg and about 1 mg/kg.

3. The method of treatment of sepsis of claim 1 wherein the dosage of Kas is
between about 0.01 mg/kg and about 0.5 mg/kg.

4. The method of treatment of sepsis of claim 1 wherein the dosage of Kas is
between about 0.5 mg/kg and about 1 mg/kg.

5. An extract from the Melothria indica Lou plant wherein said extract when
administered to subjects experiencing the symptoms of sepsis has the effect of inhibiting the
release of cytokines by immune response cells thereby interfering with a significant cause of

. sepsis.
6. The extract in claim 5 wherein the immune response cells are macrophages.
7. The extract in claim 5 wherein the cytokine is Tumor Necrosis Factor-alpha.
8. A method of isolating an extract from a Melothria indica Lou plant that has an

effect of inhibiting comprising:

Drying and chopping a fruit of the Melothria indica Lou plant into small pieces;

Extracting a quantity of the dried and chopped Melothria indica Lou plant with hot (90-
100 degrees Celsius) phosphate buffer saline (PBS) to produce an aqueous extract;

Collecting said aqueous extract through filtration;

a. SCD reverse phase chromatography (PBS elution): |

Separating said aqueous extract into fractions by a SCD reverse phase chromatography
HPLC column by eluting the column isocratically with PBS;

Identifying said fractions for activity blocking the release of TNF-alpha from LPS-
stimulated macrophage by employing a TNF-alpha ELISA assay;

b. SCD Reverse Phase Chromatography (organic solvent elution):

Running said identified fraction(s) from the previous step on said SCD reverse phase
chromatography column equilibrated and isocratically eluted with H20: CH3CN=(50:50)
containing 0.1% Trifluoroacetic acid;

Identifying said fractions for activity blocking the release of TNF-alpha from LPS-
stimulated macrophage by employing a TNF-alpha ELISA assay;
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C. RPP Reverse Phase Chromatography:

Running said identified active fraction(s) from the previous step onto a RPP reverse
phase chromatography column equilibrated with 0.1% Trifluoroacetic acid in water and eluted
by a solvent gradient created by 0.1% Trifluoroacetic acid (solvent A) and
H20:CH3CN=(50:50) containing 0.1% Trifluoroacetic acid (solvent B), said solvent gradient
generated by 100% solvent A and 0% solvent B at time zero (0) followed by increasing solvent
B from 0% to 100% after 20 ml elution volume;

Identifying said resulting fractions for activity blocking the release of TNF-alpha from
LPS-stimulated macrophage by employing a TNF-alpha ELISA assay;

d. AX-100 Anionic Exchange Chromatography (PBS elution):

Running said identified fraction(sj from the previous step onto an AX-100 anionic
exchange chromatography column equilibrated with PBS and eluted isocratically by PBS;

Identifying said resulting fractions for activity blocking the release of TNF-alpha from
LPS-stimulated macrophage by employing a TNF-alpha ELISA assay;

e. AX-100 Anion Exchange Chromatography (1/10 PBS--PBS elution):

Running said identified fraction(s) from the previous step onto the AX-100 anion
exchange chromatography column (1/10 PBS--PBS elution) equilibrated with 1:10 H20
dilution of PBS and eluting the AX-100 anion exchange chromatography column with a solvent
gradient created by 10% PBS in water (solvent A) and 100% PBS (solvent B), said gradient
was generated by 100% solvent A and 0% solvent B at time zero followed by increasing
solvent B from 0% to 100% after 20 ml elution volume;

Identifying said resulting fractions for activity blocking the release of TNF-alpha from

- LPS-stimulated macrophage by employing a TNF-alpha ELISA assay;

f. Silica Gel Chromatography:

Running said identified fraction(s) from the previous step onto a silica gel
chromatography column equilibrated with and isocratically eluted with |
CH3CN:EtOH:H20=84.5:15:0.5;

Identifying said resulting fraction(s) for activity blocking the release of TNFE-alpha from
LPS-stimulated macrophage by employing a TNF-alpha ELISA assay;

| Designating said resulting faction with activity blocking the release of TNF-alpha from
LPS-stimulated macrophage as Kas.

9. A method to isolate compounds that inhibit the release of cytokines ‘by immune
response cells, comprising the steps of:

a. Preparing extracts of the Melothria indica Lou plant;

b. Treating said Melothria indica Lou extracts with one or more chromatographic media;
and

c. Selecting the one or more extracts that inhibit the release of cytokines.
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10.  The method of claim 9, wherein said cytokine is tumor necrosis factor alpha.

11.  The method of claim 9, wherein said immune response cells are macrophages.
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FIG. 2
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-Galactosamine | Lipopolysaccharide Kas Mortality Percent
mg/kg ng/kg mg/mouse Dead/total Survival

15 10 --- 10/10 0
15 1 --- 10/10 0
15 0.1 --- 6/10 40
15 --- -—- 0/10 100
- 0.1 -—- 0/10 100
15 0.1 1 0/10 100
15 0.1 0.5 0/10 100
15 0.1 0.01 4/10 60

FIG. 8
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