
Plant Extracts and Methods and Uses Therefore Field of Invention The
invention relates to extracts from Terminalia plant species that are
capable of being used in methods for managing disease such as diabetes,
obesity, cardiovascular diseases, and cancer, and related disease
conditions. More particularly, the invention relates to certain extracts
from Terminalia arjuna, their uses as agents for the treatment of certain
diseases such as diabetes, obesity, cardiovascular disease and cancer in
mammals, particularly humans, processes for obtaining them and delivery
formats therefore. Background of the invention Diabetes mellitus Diabetes
mellitus is a common, serious disease characterized by hyperglycemia. The
disease can be divided into two major subclasses: insulin-dependent
diabetes mellitus (IDDM), also known as type I diabetes, and
non-insulin-dependent diabetes mellitus (NIDDM), also known as type II
diabetes (World Health Organization Study Group. Diabetes mellitus. WHO
Tech. Rep. Ser. 727:1-1 13, 1985). IDDM results from insulin deficiency
caused by cell-mediated autoimmune destruction of pancreatic beta cells,
and generally develops j n the young (Yoon J W., Insulin-dependent diabetes
mellitus. In: Roitt I M and Delves P J . (Eds.) Encyclopedia of Immunology,
Second Edition. Academic Press Ltd., London, pp. 1390-1398, 1998; Bach J
F., Insulindependent diabetes mellitus as a beta cell targeted disease of
immunoregulation. J. Autoimm. 8:439-463, 1995). IDDM accounts for
approximately 10-15% of thediabetic population worldwide (World Health
Organization Study Group. Diabetes mellitus. WHO Tech. Rep. Ser. 727:1-113,
1985). In contrast, NIDDM results from a variable combination of insulin
resistance and insulin deficiency, and generally develops in adults (Jun H
S, et al., Pathogenesis of non-insulin-dependent (Type II) diabetes
mellitus (NIDDM)--Genetic predisposition and metabolic abnormalities.
Advanced Drug Delivery Reviews 35:157-177, 1999; DeFronzo R A., The
triumvirate: .beta.-cell, muscle, liver: a collusion responsible for NIDDM.
Diabetes 37:667-687, 1988). However, NIDDM can also develop at a younger
age, as seen in the maturity-onset diabetes of the young (Pirart J.,
Diabetes mellitus and its degenerative complications: a prospective study
of 4400 patients observed between 1947 and 1973. Diabetes Care 1:168-188,
1978). NIDDM accounts for over 85% of the diabetic population worldwide.
Both IDDM and NIDDM can cause microvascular and macrovascular
complications, resulting in increases in morbidity and mortality (Fajans S
S, et al., Prediabetes, subclinical diabetes, and latent clinical diabetes:
interpretation, diagnosis and treatment. In: Leibel D S, Wrenshall G S.
(Eds.) On the Nature and Treatment of Diabetes. Excerpta Medica, Amsterdam,
pp. 641-656, 1965). NIDDM is a complex disease that is currently thought to
be influenced by more than a single gene or environmental factor (Ghosh S,
et al., Genetic analysis of NIDDM. Diabetes 45:1-14, 1995; Kobberling J.
Studies on the genetic heterogeneity of diabetes mellitus. Diabetologia
7:46-49, 1971; Rotter J L, et al., Genetics of diabetes mellitus. In:
Rifkin H, Porte D (Eds.) Diabetes Mellitus Theory and Practice. Elsevier,
N.Y., pp. 378-413, 1990). Familial aggregation and the high concordance
rate for the disease (60-100%) in identical twins suggest that genetic
factors play an important role in the pathogenesis of NIDDM (O'Rahilly S,
et al., Type 2 (noninsulin dependent) diabetes mellitus. New genetics for
old nightmares. Diabetologia 31:407- 414, 1988; Barnett A H, et al.,
Diabetes in identical twins. A study of 200 pairs. Diabetologia 20:87-93,
1981). In addition, environmental factors such as obesity,physical activity
and diet also play a strong role in the development of the disease (Knowler
W C, et al., Gm and type 2 diabetes mellitus: an association in American
Indians with genetic admixture. Am. J. Hum. Genet. 43:520-526, 1988;
Bennett P H, et al., Epidemiology and natural history of NIDDM: non-obese
and obese. In: Alberti KGMM, DeFronzo R A, Keen H, Zimmett P (Eds.)
International Textbook of Diabetes Mellitus. Wiley, N.Y., pp. 147-176,
1992; Helmrich S P, et al., Physical activity and reduced occurrence of
NIDDM. N. Engl. J . Med 325:147-152, 1991). Although the relative
contribution of genetic and environmental factors to the development of
NIDDM differs among individuals, patients generally have two common
metabolic abnormalities, insulin resistance and defects in
glucose-stimulated insulin secretion, which lead to the disease state (Saad
M F, et al., A two step model for development of non-insulin-dependent
diabetes. Am. J . Med. 90:229-235, 1991; DeFronzo R A, et al., Pathogenesis
of NIDDM: A balanced overview. Diabetes Care 15:318-368, 1992; Lillioja S,
et al., Insulin resistance and insulin secretory dysfunction as precursors
of non-insulin-dependent diabetes mellitus. N. Engl. J . Med.
329:1988-1992, 1993). The insensitivity of the target tissue in response to
insulin (insulin resistance) appears to develop first in genetically
predisposed subjects in the presence of the necessary environmental factors
(Jun H S, et al., Pathogenesis of non-insulin-dependent (Type II) diabetes
mellitus (NIDDM)- Genetic predisposition and metabolic abnormalities.
Advanced Drug Delivery Reviews 35:157-177, 1999). To compensate for this,
that is, to lower blood glucose and maintain normoglycemia, the secretion
of insulin from the beta cells increases, resulting in hyperinsulinemia.
Over time, the insulin resistance worsens, and the compensatory action
fails, leading eventually to impaired glucose tolerance. Insulin secretion
reaches a plateau, and beta cell function is impaired, resulting in insulin
deficiency, and leading finally to hyperglycemic NIDDM. In addition,
hyperglycemia itself leads to impaired insulin resistance and insulin
secretion, exacerbating the disease.The regulation of diet and exercise
and/or treatment with insulin or hypoglycemia 



drugs has been used for the control of diabetes. Treatment with these
agents is successful in some cases, but the mortality index continues to
rise. Insulin treatment provides symptomatic relief rather than a cure for
NIDDM. Hypoglycemic agents such as sulfonylureas and biguanides (metformin)
also lower blood glucose, but again, simply provide symptomatic relief.
Sulfonylureas lower the blood glucose level by stimulating the release of
insulin from pancreatic beta cells. These agents directly stimulate insulin
release by closing adenosyl triphosphate (ATP)-sensitive potassium channels
and depolarizing the cell membrane (Aguilar-Bryan L, et al., Cloning of the
beta cell high-affinity sulfonylurea receptor: a regulator of insulin
secretion. Science 268:423-426, 1995; Tan G H, et al., Pharmacologic
treatment options for non-insulin-dependent diabetes mellitus. Mayo Clinic
Proceedings 71:763-768, 1996; Lubbos H, et al., Oral hypoglycemic agents in
type II diabetes mellitus. American Family Physician. 52:2075-2078, 1995)
The side effects of sulfonylureas include hypoglycemia, renal and hepatic
disease, gastrointestinal disturbances, increased cardiovascular mortality,
dermatological reactions, dizziness, drowsiness and headache. Biguanides
lower blood glucose levels by reducing intestinal glucose absorption and
hepatic glucose, but not by stimulating insulin secretion. The major side
effects of biguanidine are lactic acidosis and increased cardiovascular
mortality. Alpha glucosidase inhibitors inhibit intestinal alpha
glucosidases and consequently delay the digestion of sucrose and complex
carbohydrates. The side effects of alpha glucosidase inhibitors include
gastrointestinal side effects and hypoglycemia. Thiazolidinediones improve
insulin resistance directly, enhancing the effects of circulating insulin,
directly stimulate peripheral glucose uptake and inhibit glucose production
in the liver. Thiazolidinediones are only effective in the presence of
insulin and may cause red blood cell abnormalities, and headache.
Therefore, more effective drugs for the treatment of diabetes are clearly
needed.Obesity It is generally recognized in the medical profession that
obesity among the populations of the United States and some other countries
has been steadily increasing in the last several decades. Obesity is a
condition characterized by excessive accumulation of fat on the body.
Obesity can be measured by either body weight or by body mass index (BMI).
By convention, obesity is said to be present when body weight exceeds by 20
percent the weight listed in typical height-weight index tables. The other
measurement of obesity, BMI, is the amount of fat present in the body and
is considered a reliable indication of fatness in non-athletic adults. The
BMI may be calculated by using the following formula: BMI equals [body
weight in kg] divided by [height in meters]. sup.2. In general, a normal
BMI is between the range of 20 to 25, whereas the BMI of obese individuals
is greater than or equal to 30. Such obesity has caused or contributed to
marked increases in the occurrence of heart disease, hypertension,
diabetes, osteoarthritis of the knees and hips, and increased morbidity
resulting from related medical conditions. It has been reported that 50% of
all American adults are overweight. There are a variety of methods commonly
used for treating obesity. These include dietary adjustments such as
caloric restriction, exercise regimens, pharmacotherapy, surgery, and
psychotherapy. However, there are problems associated with many of these
treatments. The use of human growth (hGH) hormone to treat obesity is
described in U.S. Pat. No. 5,597,595. hGH, the most abundant hormone
secreted by the pituitary gland, is the primary hormone responsible for
growth in mammals, accelerating lipolysis (fatmetabolism), and protein
synthesis. hGH secretion is markedly decreased in obese individuals. hGH
interacts with specific growth hormone receptors, which are widely
distributed throughout the body. For example, fat cells (adipocytes) have
hGH receptors, and when hGH binds to these receptors, it stimulates the
adipocytes to breakdown triglycerides as well as suppresses their ability
to take up and accumulate circulating lipids. Administration of hGH needs
to be closely monitored, however, as diabetes mellitus may develop in
individuals receiving hGH treatment. Diabetes may result because hGH
reduces the amount of glucose uptake by cells, thus causing an increase of
blood glucose concentration. Not only does this increase in blood glucose
levels.stimulate the .beta.-cells of the pancreas to secrete extra insulin,
but hGH also directly stimulates the .beta.-cells to produce insulin. The
combination of these two stimulatory effects so greatly overstimulates
insulin secretion that the .beta.-cells literally "burn out." When this
occurs, diabetes mellitus may develop. Guyton and Hall; TEXTBOOK OF MEDICAL
PHYSIOLOGY, 938 (1995). One of the best ways to induce weight loss is
through dieting or caloric restriction, i.e., establish a caloric deficit
by bringing intake below output. The most common method of reducing caloric
intake is by means of a low calorie diet. There are, however, a couple of
common pitfalls to dieting. One is that when the dieter stops the diet and
returns to the usual fare, the incentives to overeat are multiplied.
Second, many obese people choose novel or bizarre diets. One example of
this type of diet is a high-fat/high-protein diet. These diets are known as
ketogenic diets because they contain a high level of cholesterol, which
facilitates ketosis. Ketosis is associated with nausea, hypotension, and
lethargy. Kaplan et al., supra, 735. Pharmacotherapy may include the
administration of drugs that function by increasing serontonin levels in
the brain and ultimately controlling appetite. Serotonin (5-
hydroxytryptamine, 5HT) is related to several general behaviors such as
sleep, emotion, sex, and appetite. The drug Redux.RTM. (dexfenfluramine),
which iscommonly used as a weight control medication, functions by
increasing serotonin 



levels. Specifically, Redux.RTM. functions by inhibiting re-uptake of
serotonin and at the same time stimulating release of serotonin. Several
controlled clinical trials have demonstrated that Redux.RTM. can help
individuals maintain caloric restriction and a lower body weight for a
least a year. It should also be noted that Redux.RTM. appears to reduce
appetite in obese more than non-obese individuals. Katzung, BASIC &
CLINICAL PHARMACOLOGY 276 (1998). However, there are some adverse
side-effects affiliated with Redux.RTM. such as headache, insomnia, and
pulmonary hypertension. Id. Surgical methods that cause malabsorption of
food or reduce gastric volume have been widely used in people who are
markedly obese. Gastric bypass is a procedure used to make the stomach
smaller. In particular, the stomach is reduced by stapling or transecting
one of the curvatures of the stomach. The primary objective of reducing the
volume of the stomach is to slow the passage of food, thereby limiting the
amount of food the individual can intake. Although the results are
successful, many adverse side effects result. For example, vomitting,
electrolyte imbalance, and obstructions may occur. An alternate surgical
procedure is lipectomy, which is the removal of fat. This technique is
primarily used for cosmetic purposes, however, and has no real impact on
weight loss in the long run. Kaplan et al., supra, 276. Hence, for all of
the reasons detailed above, a better method for facilitating weight loss in
obese or overweight individuals that is readily available and
cost-efficient is needed. Cardiovascular diseases Cardiovascular disease
(CVD) is a leading cause of mortality and is responsible for one-third of
all global deaths. Nearly 85% of the global mortality and disease
burdenfrom CVD is borne by low- and middle-income countries. In India, for
example, approximately 53% of CVD deaths are in people younger than 70
years of age; in China, the corresponding fi gure is 35%. The majority of
the estimated 32 million heart attacks and strokes that occur every year
are caused by one or more cardiovascular risk factors - hypertension,
diabetes, smoking, high levels of blood lipids, and physical inactivity -
and most of these CVD events are preventable if meaningful action is taken
against these risk factors. A staggering number of people are destined to
experience a cardiovascular-related disorder sometime in their lives.
Almost 1 million Americans die each year as a result of cardiovascular
disease, whereas 556,000 die each year from cancer. Despite these facts,
people are often more afraid of cancer than they are of vascular disease.
Americans have become complacent about the dangers of arterial disease. One
reason is that the percentage of young people dying from acute heart attack
has plummeted over the past 50 years. Explanations for these reductions
include lifestyle changes, greater use of dietary supplements/preventive
medications, and improved cardiac medical care. The question is why are so
many Americans continuing to die from heart attack and stroke? The
fundamental answer is that people are living longer. What has happened is
that much of the human population has succeeded in delaying the development
of arterial disease. So instead of suddenly dying from a heart attack at
age 50, the vascular symptoms do not manifest until the 60s or 80s are
reached. At this point, systemic arteriosclerosis has damaged the major
organ systems, and multiple degenerative diseases result in diminished
quality and quantity of life. Many of the underlying causes of arterial
disease have been identified in the scientific literature. Regrettably,
cardiologists have only addressed a limited number of these factors, such
as prescribing cholesterol-lowering drugs, controlling hypertension, etc.By
ignoring the other proven causes for the epidemic of vascular-related
diseases, a significant number of Americans are experiencing needless
suffering and are dying prematurely. Terminalia arjuna plant extracts
Terminalia arjuna is a deciduous tree found throughout India growing to a
height of around 60-90 feet. Terminalia arjuna belongs to the family
Combretaceae and is called "Arjuna" in vernacular. Terminalia arjuna has
been used for over 1500 years in India as a cardio tonic and has been
indicated for derangement of all three humoursin, vata, pitta and kapha in
Ayurveda. The bark of Terminalia arjuna has been widely used in Indian
system of medicine for a variety of purposes. US patent 6,162,438 describes
an edible herbal compositions, mixture of at least three, preferably at
least six, herbs selected from the group consisting of Terminalia arjuna,
Cynara scolymus, Zingibar officinale, Allium sativum, Crataegus oxycantha,
Curcuma longa, Boerhaavia diffusa and Trigonella foenumgraecum, for use as
agents for the control of hypertension, hypercholesterolemia and
hyperlipidemia in mammals. Sharma VN et al. evaluated the antioxidant and
hypocholesterolaemic effects of Terminalia arjuna tree bark (a popular
cardiotonic substance in Indian pharmacopoeia) and compared it with a known
antioxidant, vitamin E by a randomised controlled trial. It was concluded
from this trial that, Terminalia arjuna tree bark powder has significant
antioxidant action that is comparable to vitamin E. In addition, it also
has a significant hypocholesterolaemic effect. (Antioxidant and
hypocholesterolaemic effects of Terminalia arjuna tree-bark powder: a
randomised placebo-controlled trial, J Assoc Physicians India 2001 Feb;
49:231-235)Bioassay-guided separation methods was used to determine the
cancer cell growth inhibitory constituents residing in the bark, stem and
leaves of the Mauritius medicinal plant Terminalia arjuna (Combretaceae) by
Chapuis et. al. The cancer cell line active components were found to be
gallic acid, ethyl gallate, and the flavone luteolin. Only gallic acid was
previously known to occur in this plant. Luteolin has a 



well-established record of inhibiting various cancer cell lines and may
account for most of the rationale underlying the use of T. arjuna in
traditional cancer treatments. Luteolin was also found to exhibit specific
activity against the pathogenic bacterium Neisseria gonorrhoeae.
(Antineoplastic agents 338. The cancer cell growth inhibitory constituents
of Terminalia arjuna (Combretaceae). J Ethnopharmacol. 1996Aug;
53(2):57-63). The bark of Terminalia arjuna tree has a long history of use
as a cardiac tonic as well, and has been indicated in the treatment of
coronary artery disease, heart failure, hypercholesterolemia and for relief
of anginal pain. ( Miller, A. L. Botanical Influences on cardiovascular
disease. Alternative Medicine Review. Dec 1998, vol 3. No. 6, pages
421-431. Water and methanol extracts of stem bark of Terminalia arjuna were
found to inhibit the HIV-I activity by more than 70% at 0.2 mg/ml. ( Kandil
F. E. et al. A Tannin anti-cancer promoter from Terminalia arjuna. April
1998, VoI 47. No. 8, pages 1567- 1568. Adjuvant therapy with Terminalia
arjuna bark powder in post Myocardial Infarction angina patients produced
relief in angina alongwith improvement in left ventricular ejection
fraction (LVEF) and left ventricular mass (LVM). ( Dwivedi, S. et al.
Beneficial effects of Terminalia arjuna in coronary Artery Disease. Indian
Heart Journal. Spet-Oct 1997, vol. 49. No. 5, pages 507-510.)Ethanolic
extract of Terminalia arjuna tree bark in doses of 100 mg/kg and 500 mg/kg
significantly reduced total and LDL cholesterol levels in
hypercholesterolaemic rabbits. (Ram et al. Hypocholesterolaemic effects of
Terminalia arjuna tree bark. Journal of Ethnopharmacology. VoI 55. No. 3,
pages 165-169.) There is no data or technical information in the prior art,
which indicates the use of the Terminalia arjuna extracts in the treatment
or prevention or management of Diabetes and Obesity. It is reported that
water and methanol extracts of stem of T.-arjuna has shown to have HIV-I
activity. But there are no other references to the use of T. arjuna bark
extract with successive extraction solvent system, in the treatment of
Cancer. Terminalia arjuna plant has been known for its cardiotonic effect.
Also there are reports indicating the use of T. arjuna in the treatment of
coronary artery disease, heart failure, hypercholesterolemia and for relief
of anginal pain. But there are no clear cut evaluation of the mechanisms of
action responsible for these activities. In the present invention however,
we have established that cells treated with Terminalia arjuna extracts
showed marked decrease in the amount of total lipids. Also the said
extracts have shown 3-Hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase inhibition activity. HMG-CoA is the first committed step in
cholesterol biosynthetic pathway. HMG-CoA reductase the rate-limiting
enzyme step in cholesterol biosynthesis has become the most successful drug
treatment for lowering total plasma cholesterol, in particular
LDL-cholesterol. There exists a need for the development of new medicines
which are effective in treating obesity, cardiovascular disease, certain
cancers, and diabetes and related diseases.Summary of the invention Objects
of the invention will become apparent from the following description and
examples. The present invention relates to certain extracts of plant parts
from plants of the Terminalia species, such as Terminalia arjuna that are
indicated as being potentially useful in the treatment of diseases such as
obesity, cardiovascular disease, certain cancers, diabetes and related
diseases. Furthermore, the invention relates to prophylactic compositions
comprising extracts of Terminalia species, such as extracts from Terminalia
arjuna species.Brief description of the extract nomenclature: Nomenclature
of Plant extracts. Plant No & Part < AV 016Ba/Fr Su/Dr (Temp ext.) 01(20)
g/ng Type of extraction: Ext. temp. S o ,vent Nor % 1. AV- first two
letters represents Avesthagen. 2. Plant Name: The Plants used and in use
are assigned with unique 3-digit number, 016 represents Terminalia arjuna.
3. Part of the plant /Tissue: There is a two letter ID for each plant part
used. For example Ba for Bark, Fr for whole Fruit. 4. Solvents: The
solvents used for extraction are also assigned with two digit numbers 01
for Acetone, 02 for Benzene, 03 for Chloroform, 04 for Ethanol, 05 for
Hexane, 06 for Methanol, 07 for Petroleum ether, 08 for water, 09 for ethyl
acetate. Percentage of solvents used for extraction is given within bracket
(20) for 20 % of that solvent. For example if 20% of Ethanol was used for
extraction, 04(20). 5. Method of Extraction: Successive extraction is
referred to as Su whereas direct extraction is referred to as Di,
temperature for extraction is written in bracket. For example, Su(65)
represents successive extraction at 65 0C. 6. Type of extract, g : gluey
and ng: non-gluey.Brief Description of the Tables and Figures: Table 1:
HPLC fingerprint of the extract AV016BaDi(65)04(100). Table 2: HPLC
fingerprint of the extract AV016BaDi(28)04(20). Table 3: HPLC fingerprint
of the extract AV016BaSu(65)09(100). Table 4: HPLC fingerprint of the
extract AV016BaSu(65)01(100). Table 5: HPLC fingerprint of the extract
AV016BaSu(65)01(100)ng. Table 6: HPLC fingerprint of the extract
AV016BaSu(65)01(100)g. 



Table 7: HPLC fingerprint of the extract AV016BaSu(65)04(100). Table 8:
HPLC fingerprint of the extract AV016BaSu(65)06(100). Table 9: HPLC
fingerprint of the extract AVO16BaSu(1 05)08(1 00). Table 10: HPLC
fingerprint of the extract AVO16Fr(1 05)08(1 00). Table 11: LC/MS
Fingerprint of extract AV016BaDi(28)04(20) (TIC Spectrum (Ql +ve mode)
Table 12: LC/MS Fingerprint of extract AV016BaDi(28)04(20) (TIC Spectrum
(Ql - ve mode) Table 13: LC/MS Fingerprint of extract AVOl6BaDi(65)04( 100)
(TIC Spectrum (Ql +ve mode) Table 14: LC/MS Fingerprint of extract
AV016BaDi(65)04(100) (TIC Spectrum (Ql -ve mode) Table 15: LC/MS
Fingerprint of extract AV016BaSu(65)09(100) (TIC Spectrum (Ql +ve mode)
Table 16: LC/MS Fingerprint of extract AVO16BaSu(65)0 1(100) (TIC Spectrum
(Ql +ve mode) Table 17: LC/MS Fingerprint of extract AV016BaSu(65)01(100)
(TIC Spectrum (Ql -ve mode) Table 18. LC/MS Fingerprint of extract
AV016BaSu(65)01(100)ng (TIC Spectrum (Ql +ve mode)Table 19.LC/MS
Fingerprint of extract AV016BaSu(65)01(100)g (TIC Spectrum (Ql +ve mode)
Table 20. LC/MS Fingerprint of extract AVOl6BaSu(65)04( 100) (TIC Spectrum
(Ql +ve mode) Table 21. LC/MS Fingerprint of extract AV016BaSu(65)06(100)
(TIC Spectrum (Ql +ve mode) Table 22. LC/MS Fingerprint of extract
AV016BaSu(105)08(100) (TIC Spectrum (Ql +ve mode) Table 23. LC/MS
Fingerprint of extract AV016FrDi(65)04(100) (TIC Spectrum (Ql +ve mode)
Table 24. LC/MS Fingerprint of extract AV016FrSu(105)08(100) (TIC Spectrum
(Ql +ve mode) Table 25. IC50 values of alpha-glucosidase inhibition
activity of extracts from different T. arjuna plant parts Table 26: The
effect of insulin and T. arjuna extracts on glucose up-take in 3T3-L1
adipocytes. Table 27: Anti-obesity potential of Terminalia arjuna extracts.
Table 28: Effect of Terminalia arjuna extracts on lipid levels in CHO-Kl
cells. Table 29: Effect of 20% ethanol extract from T. arjuna bark
AV016BaDi(28)04(20) on HMG-CoA reductase activity. Table 30: Effect of
direct 100% ethanol extract from T. arjuna bark AVOl6BaDi(65)04( 100) on
HMG-CoA reductase activity. Table 31: Effect of Terminalia arjuna extracts
on cell viability of HepG2 cells. Fig. 1: alpha -Glucosidase inhibition
potential of 7". arjuna direct ethanol extract, AV016BaDi(65)04(100) and
AV016BaDi(28)04(20). Fig. 2: alpha -Glucosidase inhibition potential of T.
arjuna fruit extracts, AVO16FrDi(65)04( 100) AVO16FrSu(65)08( 100).Fig. 3:
alpha -Glucosidase inhibition potential of T. arjuna successive extracts,
AVO16BaSu(65)0 1( 100)g, AVO16BaSu(65)0 1( 100)ng, AVO16BaSu(65)04( 100)
Fig. 4: alpha -Glucosidase inhibition potential of T. arjuna successive
methanol and water, AV016BaSu(65)06(100) and AVO16BaSu(1 05)08(1 00)
extracts Fig. 5: alpha -Glucosidase inhibition potential of T. arjuna
successive AV016BaSu(65)09(100) extractsDETAILED DESCRIPTION OF THE
INVENTION In a first aspect of the invention there is provided a method for
treating a disease in a mammal, which comprises administering to the said
mammal an effective non-toxic amount of at least an extract from Terminalia
arjuna as defined herein. Preferably the mammal is a human being. The
skilled addressee will appreciate that "treating a disease" in a mammal
means treating, that is to say, alleviating symptoms of the disease and may
also mean managing a disease in the sense of preventing such a disease
state either advancing ie getting worse or becoming more invasive, or
slowing down the rate of advance of a disease. In a second aspect of the
invention, there is a provided a prophylactic method for preventing the
occurrence of a disease state in a mammal which comprises administering to
the said mammal an effective non-toxic amount of an extract from Terminalia
arjuna as defined herein in the preparation of a comestible (=foodstuff)
for prophylaxis against the occurrence of a disease state selected from the
group diabetes, obesity, cardiovascular disease, and cancer. Preferably the
mammal is human and the said extract comprises a single extract from a
plant part of Terminalia arjuna or a combination of extracts therefrom as
detailed herein. Thus the present invention further relates to extracts
which may be isolated from different parts of the Terminalia arjuna plant
such as the bark and fruit thereof, the preparation of such extracts,
medicaments comprising such extracts, and the use of these extracts and
constituents for the preparation of a medicament. Extracts of the present
invention can be isolated from Terminalia tree species, such as Terminalia
arjuna, using conventional organic solvent extraction and supercritical
fluid extraction technology. Generally, extracts of the invention capable
of functioning in a prophylactic or therapeutic manner as outlined herein
can beextracted from any Terminalia arjuna plant tissue, such as bark or
fruit, depending on the end purpose that is required of the extract. 



In a third aspect of the present invention there is provided a process for
preparing extracts of the invention from plant parts of Terminalia arjuna
that comprises: (i) Pulverizing selected plant material to a powder; (ii)
Subjecting the powdered plant material to solvent extraction;
(iii)Lyophilizing the obtained extracts. The choice of selected plant
material may be of any type but is preferably selected from the bark or the
fruit of the Terminalia arjuna plant. The solvent extraction process may be
selected from direct or successive extraction types such as extraction from
plant parts in soxhlet apparatus or in flasks at room temperature or at
higher temperature with polar and/or non-polar solvent(s). Typically, the
extraction process is as outlined herein. It will be apparent to the
skilled addressee that the selection of solvent, or mixtures of solvents
for each step in the isolation of extracts of the invention showing
activity can be guided by results of bioassay analysis of separate
fractions, for example as indicated herein and/or as shown in the examples.
Also encompassed within the ambit of the invention is a pharmaceutical
formulation suitable for use in the treatment of a disease selected from
the group diabetes, obesity, cardiovascular disease, and cancer comprising
at least one extract as isolated from a Terminalia species, such as
Terminalia arjuna, in admixture with a pharmaceutically acceptable carrier.
Preferably, the at least one extract is selected from those listed in
Tables 1 -24 inclusive, depending on design and disease of interest.
Preferably the atleast one extract is selected from the group of extracts
as defined in Tables 25 - 30 inclusive, again depending on end purpose.
Naturally, the skilled addressee will appreciate that such compositions may
comprise of two or more plant extracts of the invention in any
concentration, which is capable of giving rise to a therapeutic effect.
Thus, therapeutic compositions can comprise plant extracts of Terminalia
substantially devoid of undesirable contaminating compounds. The plant
extracts may have, for example, undergone a number of solvent extraction
steps substantially to separate out undesirable components from desirable
components such as those alluded to in the examples and aforementioned
tables. The invention thus further provides a method for the treatment of a
disease selected from the group obesity, cancer, cardiovascular disease,
and diabetes in mammals, including humans, which comprises the use of a
clinically useful amount of an extract selected from those listed in Tables
1 - 24 inclusive, preferably those listed in Tables 25 - 30 inclusive, in a
pharmaceutically useful form, once or several times a day or in any other
appropriate schedule for example, orally, or intravenously or by delivery
to the lungs in a dry or "wet" spray. The amount of compound of extract
required to be effective in the treatment of the aforementioned diseases
will, of course, vary with the disease being treated and is ultimately at
the discretion of the medical or veterinary practitioner. The factors to be
considered include the condition being treated, the route of
administration, and nature of the formulation, the mammal's body weight,
surface area, age and general condition and the particular compound to be
administered. A suitable effective dose of an extract of the invention
generally lies in the range of about 0.01 to about 120 mg/kg bodyweight,
e.g. 0.1 to about 120 mg/kg body weight, preferably in the range of about
0.1 to 50 mg/kg, for example 0.5 to 50 mg/kg. The total daily dose may be
given as a single dose, multiple doses, e.g. two to six times applications
per day. For example, for a 75 kg mammal (e.g. a human) the dose range
would be about 8 to9000 mg per day, and a typical dose could be about 50 mg
per day. If discrete multiple doses are indicated treatment might typically
be 15 mg of a compound of Formula (I) given up to 4 times per day. Whilst
it is possible for the active extract to be administered alone, it is
preferred to present the active extract in a pharmaceutical formulation.
Formulations of the present invention, for medical use, comprise an extract
of the invention together with one or more pharmaceutically acceptable
carriers and optionally other therapeutic ingredients. The carrier(s)
should be pharmaceutically acceptable in the sense of being compatible with
the other ingredients of the formulation and substantially nondeleterious
to the recipient thereof. The present invention, therefore, further
provides a pharmaceutical formulation comprising at least one extract
selected from those listed in tables 1 - 24 inclusive, preferably from
those mentioned in tables 25 - 30 inclusive together with a
pharmaceutically acceptable carrier therefore. In a preferment the
pharmaceutical formulation comprises at least an extract selected from
those listed in tables 25-30, depending on the disease type being treated.
Naturally, the skilled addressee will appreciate that when selecting more
than one extract from those given in the aforementioned tables for the
treatment of any single disease type, that an appropriate selection of
extracts fro the disease type will be made. Thus, for example, for the
treatment of diabetes, extracts appropriate for doing so will be selected
from the said tables. Naturally, the skilled addressee will appreciate that
any pharmaceutical formulation comprising an active extract of the
invention can include at least one active extract purified from an extract
derived from a Terminalia species. Thus a pharmaceutical formulation may
contain more than one active extract derived from two or more Terminalia
species.There is also provided a method for the preparation of a
pharmaceutical formulation comprising bringing into association an extract
of the invention, and a pharmaceutically acceptable carrier therefore.
Formulations according to the present invention include those suitable for
oral or intravenous administration. 



Intravenous formulations including at least one extract of the invention
and may also be administered in the form of suitable liposomal or niosomal
preparations or other suitable delivery vehicle. Emulgents and emulsion
stabilizers suitable for use in the formulation of the present invention
include Tween 60, Span 80, cetostearyl alcohol, myristyl alcohol, glycerol
mono-stearate and sodium laury sulphate. The formulations may conveniently
be presented in unit dosage form and may be prepared by any of the methods
well known in the art of pharmacy. All methods include the step of bringing
the active extracts(s) into association with a carrier which constitutes
one or more accessory ingredients. In general, the formulations are
prepared by uniformly and intimately bringing the active extract(s) into
association with a liquid carrier or a finely divided solid carrier or both
and then, if necessary, shaping the product into desired formulations.
Formulations of the present invention suitable for oral administration may
be presented as discrete units such as capsules, sachets, tablets,
lozenges, comprising the active ingredient in a flavoured based, usually
sucrose and acacia or tragacanth; pastilles comprising the active
ingredient in an inert base such as gelatin and glycerin, or sucrose and
acacia; and mouth-washes comprising the active ingredient in a suitable
liquid carrier. Each formulation generally contains a predetermined amount
of the active extract; as a powder or granules; or a solution or suspension
in anaqueous or non-aqueous liquid such as a syrup, an elixir, an emulsion
or draught and the like. A tablet may be made by compression or moulding
optionally with one or more accessory ingredients. Compressed tablets may
be prepared by compressing an a suitable machine the active extract in a
free-flowing form such as a powder or granules, optionally mixed with a
binder, (e.g. povidone, gelatin, hydroxypropylmethyl cellulose), lubricant,
inert diluent, preservative, disintegrant (e.g. sodium starch glycolate,
cross-linked povidone, cross-linked sodium carboxymethyl cellulose),
surface active or dispersing agent. Moulded tablets may be made by moulding
in a suitable machine a mixture of the powdered extract moistened with an
inert liquid diluent. The tablets may optionally be coated or scored and
may be formulated so as to provide slow or controlled release of the active
ingredient therein using, for example, hydroxypropylmethylcellulose in
varying proportions to provide the desired release profile. A syrup may be
made by adding the active extract to a concentrated, aqueous solution of a
sugar, for example sucrose, to which may also be added any necessary
ingredients. Such accessory ingredient(s) may include flavourings, an agent
to retard crystallisation of the sugar or an agent to increase the
solubility of any other ingredients, such as a polyhydric alcohol for
example glycerol or sorbitol. In addition to the aforementioned
ingredients, the formulations of this invention may further include on or
more accessory ingredients) selected from diluents, buffers, flavouring
agents, binders, surface active agents, thickeners, lubricants,
preservatives (including antioxidants) and the like. Alternatively, the
compositions are dietary supplements, food compositions or beverage
compositions suitable for human or animal consumption.The invention
describes the HPLC profiles and Mass spectrums of direct and successive
solvent extracts of Terminalia arjuna plant parts thereby giving each
extract an identity of itself. The various solvents used for successive
extraction are in order from non-polar to polar side i.e hexane, petroleum
ether, ethyl acetate, acetone, ethanol, methanol and water. In case of
direct extraction alcoholic solvent alone and in combination with water was
used as solvent for extraction. The invention further encompasses novel
extracts defined by reference to their HPLC and MS fingerprints as defined
in Tables 1 - 24 inclusive, which are isolated from different parts of
Terminalia arjuna plant, the preparation of such extracts, the medicaments
containing said extracts, and the use of these extracts and constituents
for the preparation of a medicament. In a further aspect of the invention,
the pharmaceutical formulations for preventing, treating, or managing
diabetes and diabetes related disorders, comprise direct extracts of T.
arjuna bark with 100% ethanol solvent [AV016BaDi(65)04(100)] and 20%
ethanol solvent [AV016BaDi(28)04(20)], successive extracts of T. arjuna
bark with ethyl acetate solvent [AV016BaSu(65)09(100)], successive extract
of T. arjuna bark with acetone solvent [AV016BaSu(65)01(100)g], successive
extracts of T. arjuna bark with acetone solvent [AV016BaSu(65)01(100)ng],
successive extracts of T. arjuna bark with ethanol solvent
[AVOl6BaSu(65)04(l 00)], successive extracts of T. arjuna bark with
methanol solvent [AVO16BaSu(65)06( 100)] and successive extracts of T.
arjuna bark with water solvent [AV016BaSu(105)08(100)] 5 direct extract of
T. arjuna fruit with ethanol solvent [AV016FrDi(65)04(100)] and successive
extract of T. arjuna fruit with water solvent [AVO16FrSu(1 05)08(1 00)],
alone or in combination thereof. Such pharmaceutical formulations may
contain a pharmaceutically acceptable carrier, excipient, or diluent as
outlined herein.In a further aspect of the invention, the pharmaceutical
formulations for preventing, treating, or managing obesity and obesity
related disorders, comprise direct extracts of T. arjuna bark with 100%
ethanol solvent [AV016BaDi(65)04(100)j and 20% ethanol solvent
[AVOl6BaDi(28)04(20)], successive extracts of T. arjuna bark with bark
ethyl acetate, gluey acetone, non-gluey acetone, ethanol and methanol
extracts AVO16BaSu(65)09( 100), AVO16BaSu(65)0 1(100)g, AVO16BaSu(65)0
1(100)ng, AV016BaSu(65)04(100), AV016BaSu(65)06(100) and
AV016FrDi(65)04(100), alone or in combination thereof. The pharmaceutical
formulations may contain a pharmaceutically acceptable carrier, excipient,
or diluent as outlined herein. 



In a further aspect of the invention, the pharmaceutical formulations for
preventing, treating, or managing cardiovascular diseases (CVD) and CVD
related disorders, comprise a direct extract of T. arjuna bark with 100%
ethanol solvent [AVO16BaDi(65)04( 100)] and 20% ethanol solvent
[AV016BaDi(28)04(20)], successive extract of T. arjuna bark with ethyl
acetate [AVO16BaSu(65)09( 100)] and acetone [AV016BaSu(65)01(100)], alone
or in combination thereof. The pharmaceutical formulations may contain a
pharmaceutically acceptable carrier, excipient, or diluent as outlined
herein. In a further aspect of the invention, the pharmaceutical
formulations for preventing, treating, or managing cancer and cancer
related disorders, comprise successive extracts of T. arjuna bark with
ethyl acetate [AV016BaSu(65)09(100)], acetone [AV016BaSu(65)01(100)],
ethanol [AVOl6BaSu(65)04( 100)], methanol [AVO16BaSu(65)06( 100)] and water
[AV016BaSu(105)08(100)] 5 alone or in combination thereof. The
pharmaceutical formulations may contain a pharmaceutically acceptable
carrier, excipient, or diluent as outlined herein. In a further aspect of
the invention there is provided a comestible, that is to say, a foodstuff
comprising at least an extract of the invention, typically in dried form,
suchas in a lyophilized form selected from those listed in Tables 1 - 24
herein, and in particular, from those extracts selected from those
mentioned in Tables 25 - 30. The skilled addressee will appreciate that
such comestibles may contain more than one extract of the invention and may
be used. Such foodstuffs may be used in a prophylactic manner and may
contain further extracts having a similar function to the first added
extract or further added extracts may be added that have a different
prophylactic function. Thus a foodstuff could either comprise extracts that
provide for a comestible having a single functional aspect, for example
that of having a prophylactic effect against the occurrence of diabetes, or
a comestible may have a multi-functional prophylactic effect against two or
more disease types. It is thought that a similar multi-functional role
could also be assigned to pharmaceutical formulations comprising two or
more extracts possessing dissimilar therapeutic or prophylactic properties
designed either for prophylaxis or for the treatment of more than one
disease(s) in a mammal, particularly in a human. The type of foodstuff or
comestible to which at least an extract of the invention may be added
includes any processed food such as confectionaries, baked products
including breads such as loafs, and flat breads such as pitta bread, naan
bread and the like, cakes, snack foods such as muesli bars, compressed
dried fruit bars, biscuits, dairy products such as yoghurts, milk and
milk-based products such as custards, cream, cheese, butter and creme
fraiche, simulated dairy food products such as margarine, olive oil-based
spreads, and low fat cream substitutes such as Elmlea products, fruit and
vegetable juices, aerated drinks, such as carbonated soft drinks and
non-aerated drinks such as squashes, soya milk, rice milk and coconut milk
and the like, pastas, noodles, vegetable, seed and nut oils, fruited oils
such as sunflower oil, rapeseed oil, olive oil, walnut, hazelnut, and
sesame seed oil and the like, and frozen confections such as ice creams,
iced yoghurts and the like.A suitable effective dose of an extract of the
invention to be included in a comestible generally lies in the range of
about 0.01 to about 120 mg/kg bodyweight, e.g. 0.1 to about 120 mg/kg body
weight, preferably in the range of about 0.1 to 50 mg/kg, for example 0.5
to 50 mg/kg. The total daily dose may be given as a single dose, multiple
doses, e.g. two to six times applications per day. In a further aspect of
the invention there is provided use of an extract selected from those of
Tables 1 - 24, and in particular those of Tables 25 - 30 for the
preparation of a medicament for the treatment of a disease selected from
the group consisting of diabetes, cancer, cardiovascular disease and
obesity. Thus, there is provided use of an extract selected from the group
consisting of AV016BaDi(65)04(100), AV016BaDi(28)04(20),
AV016BaSu(65)09(100), AVO16BaSu(65)0 1(100)g, AVO16BaSu(65)0 1(100)ng,
AVO16BaSu(65)04( 100), AV016BaSu(65)06(100), AV016BaSu(105)08(100),
AV016FrDi(65)04(100), and AV016FrSu(105)08(100) for the preparation of a
medicament for the treatment or prophylaxis of diabetes and/or related
diseases. Additionally, there is provided use of an extract selected from
the group consisting AVO16BaDi(65)04(l 00), AVO16BaDi(28)04(20),
AVO16BaSu(65)09(l 00), AV016BaSu(65)01(100)g, AV016BaSu(65)01(100)ng,
AV016BaSu(65)04(100) and AV016BaSu(65)06(100), and AV016FrDi(65)04(100) )
for the preparation of a medicament for the treatment or prophylaxis of
obesity. Additionally, there is provided use of an extract selected from
the group consisting of AV016BaDi(65)04(100), AV016BaDi(28)04(20),
AV016BaSu(65)09(100), AV016BaSu(65)01(100), either singly or in one or more
combinations thereof for the preparation of a medicament for the treatment
or prophylaxis of cardiovascular disease.Additionally, there is provided
use of an extract selected from the group consisting of AVO16BaSu(65)09(
100), AVO16BaSu(65)0 1(100), AVO16BaSu(65)04(100), AV016BaSu(65)06(100)and
AV016BaSu(105)08(100), either singly or in one or more combinations thereof
for the preparation of a medicament for the treatment or prophylaxis of
cancer. The invention will now be exemplified with reference to the
following Examples section and accompanying tables and Figures. It is to be
understood that the examples are not to be construed as limiting the scope
of the invention in any way. Examples Section Example 1 : Extraction of
Terminalia arjuna: Extraction of Terminalia arjuna plant parts was carried
out by both direct extraction 



as well as successive extraction method, at room temperature as well as in
soxhlet apparatus and related liquid-liquid techniques followed by
lyophilization. / . Successive Extraction: Successive extraction from bark
of Terminalia arjuna was carried out using soxhlet extractor. The solvents
used, were based on their sequential polarity starting from non-polar to
polar, viz; Hexane, petroleum ether, chloroform, acetone, ethanol, methanol
and water at 650C.The detailed process is given below: 1. Weigh 100 grams
of powdered plant material into the extractor (Soxhlet extractor body) with
the cotton on the bottom of the soxhlet apparatus. Cover with cotton on the
top. Add 1000 ml of solvent (start with Hexane) in to the round-bottomed
flask and place it on the mantle and add few ceramic chips in to it. Add
100ml of solvent over the material just wetting it. 2. Place the extractor
on the flask, which is in turn connected with the condenser. 3. Let the
cold water circulate continuously in the condenser from the tap. The set up
fits tightly as it is fabricated as one set. 4. Switch on the mantle and
set it at 65 0C. The vapors of the solvent from the flask would pass
through the inlet of the extractor and will get condensed. The condensed
(distilled) Solvent will get collected in the Extractor (body) thus
extracting the compounds from it. 5. When the plant material is completely
filled with solvents, it will get drained in the flask. This process is
continuous as long as there is stable heat and water circulation. 6.
Continue the extraction for 8 hours, 4-5 cycles per hour. 7. The extract
collected in the flask is concentrated by vacuum lyophilization. 8. Follow
the same procedure as above successively for the following solvents in the
same order. Petroleum Ether, Ethyl acetate, Acetone, Ethanol, Methanol and
Water.II. Direct Extraction a. Soxhlet based extraction procedure with 100%
ethanol solvent: 1. Weigh 100 grams of powdered plant material in the cloth
bag and transfer it into the extractor (Soxhlet extractor body). Cover with
cotton on the top. (Make sure the level of material is below one inch of
the vapour inlet tube.) 2. Add 1 liter of solvent (start with Pet. ether)
in to the round-bottomed flask and place it on the mantle and add few
ceramic chips in to it. Add 100ml of solvent over the material just wetting
it. 3. Place the extractor on the flask, which is in turn connected with
the condenser. 4. Let the cold water circulate continuously in the
condenser from the tap. The set up fits tightly as it is fabricated as one
set. 5. Switch on the mantle and set it at 65 0C. The vapours of the
solvent from the flask would pass through the inlet of the extractor and
will get condensed. The condensed (distilled) Solvent will get collected in
the Extractor (body) thus extracting the compounds from it. 6. When the
plant material is completely filled with solvents, it will get drained in
the flask. This process is continuous as long as there is stable heat and
water circulation. 7. Continue the extraction for 8 hours, 4-5 cycles per
hour. 8. The extract collected in the flask is concentrated by vacuum
lyophilization. b. Extraction of T. arjuna bark with 20% ethanol solvent at
room temperature: 1. Weigh known quantity (100 grams) of powdered plant
material into the conical flask and cover the mouth with aluminum foil to
avoid solvent evaporation.2. Add known volume (500 ml) of 20 % ethanol (100
ml ethanol + 400 ml water) solvent in to the flask and place it on to the
orbital shaker and set the speed at 210 rpm and room 28 C temperature for
the extraction. 3. Extract the plant material for 4hr and drain the solvent
through 4. Centrifuge the filtrate at 1000 rpm for 10 mins. Collect the
supernatant and subject it to lyophilization. 5. Re-extract with 250 ml of
solvent for (2 x 2hrs). 6. Centrifuge the filtrate at 1000 rpm for 10 mins.
7. Concentrate extract using lyophilizer under vacuum. Example 2: Metabolic
Fingerprinting of the Terminalia arjuna extracts: Metabolic fingerprinting
of all the direct and successive extracts from Terminalia arjuna plant
parts is done by HPLC and LC/MS technique. I. HPLC Fingerprinting: The
plant extracts obtained by direct/successive extraction are subjected to
HPLC analysis. High Performance Liquid Chromatography (HPLC) is a technique
wherein small quantity of the sample is injected into a C- 18 column under
high pressure and the constituents are allowed to separate based on their
interaction with the column and their retention time within the column. The
main purpose of HPLC analysis is to find out the total number of
constituents in the plant extracts. The samples are prepared for HPLC
analysis by dissolving the appropriate weight of the extract in methanol.
These samples are filtered and collected in the total recovery HPLC vials.
These samples are subjected to separation by Waters 2695 HPLC instrument
and then analyzed.Run conditions: 1. The software used for HPLC analysis is
Waters Millennium 32. 2. The HPLC column used for separation is Waters
mBondpack C-18, 5m, 4.6x1 50mm. 3. Column temperature is maintained at
250C. 



4. Solvent flow rate is set at 1.OmI per min. HPLC conditions included
Gradient chromatography - solvents used are acetonitrile (solvent A),
methanol (solvent B) and water (Solvent C and D). Terminalia arjuna
extracts and HPLC Run Conditions: 1. Terminalia arjuna extracts: 1.
AV016BaDi(65)04(100) 2. AV016BaDi(28)04(20) 3. AV016BaSu(65)04(100) 4.
AV016FrDi(65)04(100) 5. AV016BaSu(65)06(100) I. Method Set: Ethanol l l
Pressure Limits: High Limits 4000 psi Low limits 0 psiProgrammed Flow: Pump
Mode: Gradient Accelerated to 10 ml/min in: 2.0 min (5ml/min/min) A:
Acetonitrile, B: Methanol, C: Water 2. Terminalia arjuna extracts 1.
AV016BaSu(65)01(100) 2. AV016BaSu(65)01(100)g 3. AV016BaSu(65)01(100)g II.
Method Set. Ethyl Acetate lOa Pressure Limits: High Limits 4000 psi Low
limits 0 psi Programmed Flow: Pump Mode: Gradient Accelerated to 10 ml/min
in: 2.0 min (5ml/min/min)A: Acetonitrile, B: Methanol, C: Water 3.
Terminalia arjuna extract: L AV016BaSu(65)09(100) III. Method Set: Ethyl
Acetate_4a Pressure Limits: High Limits 4000 psi Low limits 0 psi
Programmed Flow: Pump Mode: Gradient Accelerated to 10 ml/min in: 2.0 min
(5ml/min/min) A: Acetonitrile, B: Methanol, C: Water4. Terminalia arjuna
extract: 1. AV016BaSu(105)08(100) 2. AVOIOFrSu(IOS)OS(IOO) IV. Method Set:
Gy_Water_12 Pressure Limits: High Limits 4000 psi Low limits 0 psi
Programmed Flow: Pump Mode: Gradient Accelerated to 10 ml/min in: 2.0 min
(5ml/min/min) A: Acetonitrile, B: Methanol, C: Water II. Liquid
Chromatography Mass Spectrometry (LC/MS) Fingerprinting: Mass spectroscopy,
is an instrumental approach that allows for the mass measurement of
molecules. The five basic components of mass spectrometer are a vacuum
system, a sample introduction device, an ionization source, a mass analyzer
and an ion detector. Combining these parts a mass spectrometer determines
the molecular weightof chemical compounds by ionizing, separating and
measuring molecular ions according to their mass-to-charge ratio (m/z). Run
conditions used for LC/MS fingerprinting of Terminalia arjuna is shown
down. 1. Q-Trap LC/MS instrument from Applied Biosystems was used. The
software used for LC/MS analysis is Analyst. 2. The HPLC column used for
separation is COSMOSIL (r) 5Ci 8-MS-II Packed Column C-1 8, 5mm, 4.6mmI.D.x
150mm. 3. Column temperature is maintained at 250C. 4. Solvent flow rate is
set at 1.OmI per min. HPLC conditions included Gradient chromatography -
solvents used are acetonitrile (solvent C), methanol (solvent B) and water
(Solvent D). 1. Terminalia arjuna extracts: AVO16BaSu(65)09( 100),
AVO16BaSu(65)0 1(100), AVO16BaSu(65)0 1(100)g, AVO16BaSu(65)0 1( 100)g,
AVO16BaSu(65)04( 100), AVO16BaSu(65)06(l 00), AV016BaSu(65)06(80),
AV016BaDi(65)04(100), and AV016FrDi(65)04(100) a. LC/MS Sample Run
Conditions for all the above-mentioned Terminalia arjuna samples: Mass
Spectrometer QTrap 0 MASS SPEC Config Table Ver 0 1 Firmware Ver M401400
B4T0301 M3L1400 B3T0300Component Name Linear Ion Trap Quadrupole LC/MS/MS
Mass Spectrometer Component ID QTrap Manufacturer AB Sciex Instruments
Model 027170 - C S/N Ml 100301 Time from start =0.0500 min Mass
Spectrometer QTrap 0 MASS 



SPEC Start of Run - Detailed Status Vacuum Status At Pressure Vacuum Gauge
(10e-5 Torr) 0.7 Backing Pump Ok Dual Turbo Pump Normal Sample Introduction
Status Ready Source/Ion Path Electronics On Source Type Turbo Spray Source
Temperature (at setpoint) 400.0 C Source Exhaust Pump Ok Interface Heater
Ready Mass Spectrometer QTrap 0 MASS SPEC End of Run - Detailed Status
Vacuum Status At Pressure Vacuum Gauge (10e-5 Torr) 0.7 Backing Pump OkDual
Turbo Pump Normal Sample Introduction Status Ready Source/Ion Path
Electronics On Source Type Turbo Spray Source Temperature (at setpoint)
400.0 C Source Exhaust Pump Ok Interface Heater Ready Time from start
=61.4833 min PE LC-200 Pump Method Properties PE LC-200 Quaternary Pump
Minimum Pressure (psi).O.O Maximum Pressure (psi): 6100.0 Shutdown Time
(min): 999.9 Step Table: Step Total Time Flow Rate GradientProfile A (%) B
(%) C (%) D (%) TE#1 TE#2 (min) (ml/min) 0 0.5 1000.00 1.0 0.0 0.0 10.0
90.0 open open 1 1.0 1000.00 1.0 0.0 0.0 10.0 90.0 open open 2 . 15.0
1000.00 1.0 0.0 0.0 15.0 85.0 open open 3 '40.0 1000.00 1.0 0.0 0.0 25.0
75.0 open open 4 50.0 1000.00 1.0 0.0 0.0 35.0 65.0 open open 5 60.0
1000.00 1.0 0.0 0.0 50.0 50.0 open open Quantitation Information: Sample
Type: Unknown Dilution Factor: 1.000000 Custom Data:Quantitation Table:
Period 1: Scans in Period: 2243 Relative Start Time: 0.00 msec Experiments
in Period: 1 Period 1 Experiment 1: Scan Type: Ql MS (Ql) Polarity:
Positive Scan Mode: Profile Resolution Ql: UNIT Intensity Thres.: 0.00 cps
Settling Time: 0.0000 ms MR Pause: 5.0070 ms MCA: No Center/Width: No Step
Size: 0.10 amu Start (amu) Stop (amu) Time (sec) Param Start Stop 50.00
1700.00 1.60 CEP 6.47 66.65 Parameter Table(Period 1 Experiment 1) CUR:
20.00 TEM: 400.00 GSl: 20.00 GS2: 50.00 ihe: ONIS: 4500.00 DP 90.00 EP
10.00 2. Terminalia arjuna extracts: AV016BaSu(105)08(100),
AVOIOFrSu(IOS)OS(IOO) and AV016BaDi(28)04(20). a. LC/MS Sample Run
Conditions for all the above-mentioned Terminalia arjuna samples: Mass
Spectrometer QTrap 0 MASS SPEC Config Table Ver 0 1 Firmware Ver M401400
B4T0301 M3L1400 B3T0300 



Component Name Linear Ion Trap Quadrupole LC/MS/MS Mass Spectrometer
Component ID QTrap Manufacturer AB Sciex Instruments Model 027170 - C S/N
Ml 100301 Time from start =2.1000 min Mass Spectrometer QTrap MASS SPEC
Start of Run - Detailed Status Vacuum Status At Pressure Vacuum Gauge
(10e-5 Torr) 0.7Backing Pump Ok Dual Turbo Pump Normal Sample Introduction
Status Ready Source/Ion Path Electronics On Source Type Turbo Spray Source
Temperature (at setpoint) 400.0 C Source Exhaust Pump Ok Interface Heater
Ready Time from start =2. 1167 min Mass Spectrometer QTrap MASS SPEC End of
Run - Detailed Status Vacuum Status At Pressure Vacuum Gauge (10e-5 Torr)
0.7 Backing Pump Ok Dual Turbo Pump Normal Sample Introduction Status Ready
Source/Ion Path Electronics On Source Type Turbo Spray Source Temperature
(at setpoint) 400.0 C Source Exhaust Pump Ok Interface Heater Ready Time
from start =42.9333 min PE LC-200 Pump Method Properties PE LC-200
Quaternary Pump Minimum Pressure (psi):0.0Maximum Pressure (psi): 6100.0
Shutdown Time (min): 999.9 Step Table: Step Total Time(min) Flow
Rate(ml/min) GradientProfile A (%) B (%) C (%) D (%) TE#1 TE#2 0 0.5 750.00
1.0 0.0 5.0 5.0 90.0 open open 1 1.0 750.00 1.0 0.0 5.0 5.0 90.0 open open
2 20.0 750.00 1.0 0.0 15.0 25.0 60.0 open open 3 26.0 750.00 1.0 0.0 5.0
70.0 25.0 open open 4 30.0 750.00 1.0 0.0 5.0 5.0 90.0 open open 5 40.0
750.00 1.0 0.0 5.0 5.0 90.0 open open Analog/Digital Converter Properties
Interval (sec): 0.200 Rate (pts/sec): 5 Polarity: Bipolar Channel Summary
No. Name: Interpreted Value Full Scale: Interpreted Unit: Voltage (volts):
Status:100.0 % 1.0 Used Quantitation Information: Sample Type: Unknown
Dilution Factor: 1.000000 Custom Data: Quantitation Table: Period 1: Scans
in Period: 1495 Relative Start Time: 0.00 msec Experiments in Period: 1
Period 1 Experiment 1: Scan Type: Ql MS (Ql) Polarity: Positive Scan Mode:
Profile Resolution Ql: UNIT Intensity Thres.: 0.00 cps Settling Time:
0.0000 ms MR Pause: 5.0070 ms MCA: No Center/Width: No Step Size: 0.10 amu
Start (amu) Stop (amu) Time (sec) Param Start Stop 50.00 1700.00 1.60 CEP
6.47 66.65Parameter Table(Period 1 Experiment 1) CUR: 20.00 



TEM: 400.00 GSl: 20.00 GS2: 50.00 ihe: ON IS: 4500.00 DP 90.00 EP 10.00
Example 3: Determination of the bio-therapeutic potential of Terminalia
ahuna extracts: / . Anti-Diabetic Potential: Acute glucose elevations after
meal ingestion are associated with a variety of glucose-mediated tissue
defects oxidative stress, glycation, and advanced glycation end product
formation which have far reaching structural and functional consequences
for virtually every human organ system. Lowering glycosylated hemoglobin to
levels that prevent or delay these complications can be achieved only by
reducing both postprandial and fasting plasma glucose levels. The a
-Glucosidase complex in the small intestine is involved in sugar
absorption. Thus, inhibitors of a -Glucosidase would limit the absorption
of dietary carbohydrates and in turn suppress postprandial hyperglycemia.
Therefore, a - Glucosidase inhibitors are promising drug candidates in the
treatment and prevention of diabetes. The a -Glucosidase inhibitors
(acarbose, voglibose, miglitol) have been effective in delaying the
digestion and absorption of carbohy-drates, thus diminishing the
postprandial surge in blood glucose levels without loss of calories.1.
Alpha-glucosidase assay Alpha-Glucosidase hydrolyzes the terminal,
non-reducing 1,4-linked alpha-D-glucose residues with release of
alpha-D-glucose. In the assay the enzymatic activity is determined by
measuring the increase in absorbance at 400nm caused by the hydrolysis of
p-nitrophenyl- a -D-glucopyranoside with the release of p-nitrophenol. a .
Reagents:  Potassium phosphate buffer 0.1M, pH 6.8  PNPG 4 niM  Sodium
carbonate 0.2 M  BSA 0.2 % in Buffer  Enzyme 1.2U/ml in 0.2% BSA b .
Procedure: Buffer - 600 ml Inhibitor - 100 ml Enzyme - 25 ml Incubate at 37
C for 15mins PNPG - 25 mlIncubate at 37 C for 15mins I Read absorbance at
400nm c. Results and Discussion: Successive and direct extract from
Terminalia arjuna bark and fruit extracts assayed for their
alpha-Glucosidase inhibition potential showed that T. arjuna extract showed
dose dependent decrease in alpha-Glucosidase inhibition. IC50 is defined as
the amount of extract required for 50% inhibition in the enzyme activity.
It was found that all the extracts of T. arjuna showed higher
alpha-Glucosidase inhibition potential than commercially available
acarbose, as indicated by IC50 values. (Table 25). 2 Glucose Uptake assay:
The deoxy-glucose uptake assay by fat cells or adipoctes (3T3-L1) help to
identify the extracts/ bioactives that helps to increase the glucose uptake
by the fat cells. Differentiating 3T3-L1 cells exhibit a dramatic increase
in the rate of insulinstimulated glucose transport during their conversion
from proliferating fibroblasts to nonproliferating adipocytes. Green and
Kehinde(1975) first demonstrated that confluent 3T3-L1 cells could be
hormonally induced to differentiate into adipocytes over the course of 6-9
d.The assay will thereby help in screening of phytoextracts that will help
the diabetic individuals by quick removal of glucose from blood stream and
simultaneously will help the fat cells to build a better storage of energy.
Tritiated deoxyglucose uptake by 3T3-L1 is one of the most accepted assay
for the invitro screening of active principles with anti-diabetic activity
a. 3T3-L1 cell culture: 3T3-L1 fibroblasts were cultured in DME-F12 media
containing 10% FCS, NEAA, glutamine, antibiotics, anti-mycotics, etc., in
an atmosphere of 5% CO2 at 37 0C. Fibroblasts were cultured up to
confluency. Subcultures were done at three-day intervals with trypsin-EDTA
solution treatment. b. Maturation of the fibroblasts to adipocytes
Differentiation was induced by treating the cells with DMEM hi glucose (4.5
gm/litre) containing 0.5mmol/l 3-isobutyl-l-methylxanthine, 4 mg/ml
dexamethasone, 1 mg/ml insulin and 10% FCS for 48 h. The cells were
cultured in DMEM media with standard pre-described supplements for the next
6-10 days. Cells were used only when at least 95% of the cells showed an
adipocyte phenotype by accumulation of lipid droplets. These were taken up
for glucose uptake studies with tritiated glucose. c. Assay Procedure
Distribute 50,000 of differentiated 3T3-L1 adipocytes in each well of a new
96 well 



plate. Incubate with KRH buffer at 370C for 10 min. Add insulin 10 nM, 25
nM and 50 nM to the respective. To the experimental sets treatment was done
with or withoutinsulin 10 nM in presence of test compound (333.0 mg). This
was followed by incubation further at 37C for 15 min. Wash the cells once
with KRH buffer. Initiate glucose uptake reaction by adding 0.1 niM 2-deoxy
glucose containing 2-deoxy[3H] glucose (final concentration 12.2 kBq/ml).
Incubate for 1 hr at 37C. Terminate assay by adding 40 mM Cytochalasin B.
Wash the cells trice with ice-cold KRH buffer Solubilize cells in 20 ml 1%
Triton X. Incubate for 10 min at 370C. Count radioactivity on a micro-titre
plate radioactive counter d. Results and Discussion: Glucose uptake
activity was analyzed by measuring the uptake of 0.1 mM deoxyglucose
containing deoxy-tritiated-glucose containing 2.2 kBq/mL. As seen from
Table 26, direct extract of T. arjuna bark with 100 % ethanol solvent
[AVO16BaDi(65)04( 100)] showed stimulation index of 3.0 in absence of
insulin and 2.0 in presence of 10 nM Insulin. The data thus suggest that
AVOl6BaDi(65)04( 100) has potent insulin mimetic potential. 2. Anti-Obesity
potential: Studies have demonstrated that central obesity is more strongly
related to lipid/lipoprotein abnormalities than is general obesity. Obesity
may confer cardiac dysfunction due to lipid accumulation in cardiomyocytes
and also induces type II diabetes. These adverse lipid/lipoprotein profiles
in obese individuals are important, because they may be responsible for
their increased risk for cardiovascular disease (CVD). The assay is a semi
quantitative method used for quantification of Adipose differentiation and
hence the lipid and triglycerides contents in the cell after thestimulation
of the cells for differentiation in presence and absence of the plant
extracts. a. Assay Principle Oil Red staining is a semi quantitative method
used for quantification of Adipose differentiation. Staining with
oil-soluble dyes is based on the greater solubility of the dye in the
lipoid substances than in the usual hydroalcoholic dye solvents. Oil Red O
is a lipophilic red dye which stains intracellular lipid drops. The
quantitation of lipid can be done following the extraction of intracellular
lipid with organinc solvent. Hence it is used to estimate lipid and
triglycerides contents in the cell after plant extract stimulation of cells
b. Assay Protocol Seed 3T3-L1 cells at a density of 105 cells/well with the
differentiating medium and extracts (0.33mg) and incubated for 24h at 37 C
and 5% CO2. The medium was then removed after 24 hr and fresh
differentiating medium was added and the cells were kept in the medium for
another 24hrs. Post 48hrs from day one the medium was removed and Insulin
only medium (DMEM Fl 2 + FBS + Insulin) was added and the cells were kept
for24h. Post 24-hr incubation medium was aspirated and Oil O red staining
was performed. c. Oil Red OStainins: Total volume in each well for reagents
is 500ml / well. Media was removed and cells were washed with PBS thrice.
For fixing the cells they were incubated for Ih with 4% Formalin. Remove
the Formalin and again wash with PBS twice. For staining with Oil Red O,
incubate it with the stain for Ih. After Ih remove the stain and wash
itwith PBS and dry it for 10 minutes. Add 4% NP40. Read absorbance at 520nm
in Spectrophotometer. d. Results and Discussion: Anti-obesity assay with
3T3-L1 cells showed that Terminalia arjuna extracts showed inhibition in
the lipid accumulation. As seen from Table 27 Terminalia arjuna bark direct
100% and 20% ethanol extracts, AV016BaDi(65)04(100) and AV016BaDi(28)04(20)
extracts showed 76.3 and 64.3 % inhibition as compared to control. In case
of Terminalia arjuna successive bark ethyl acetate, gluey acetone,
non-gluey acetone, ethanol and methanol extracts AV016BaSu(65)09(100),
AV016BaSu(65)01(100)g, AV016BaSu(65)01(100)ng, AV016BaSu(65)04(100) and
AV016BaSu(65)06(100) gave inhibition of 61.9, 58.5, 86.8, 49.4 and 57.9%
inhibition as compared to control. Terminalia arjuna fruit direct 100%
ethanol extract AV016FrDi(65)04(100) gave inhibition of 41.9 % inhibition
as compared to control. Assay +ve control showed 104% inhibition as
compared to control. 3. Cardiovascular Disease: Elevated cholesterol is
associated with a greater-than-normal risk of atherosclerosis and
cardiovascular disease. High blood triglyceride levels alone do not cause
atherosclerosis. But lipoproteins that are rich in triglycerides also
contain cholesterol, which causes atherosclerosis in many people with high
triglycerides. So high triglycerides may be a sign of a lipoprotein problem
that contributes to CHD.1. Cell Based Assay for checking levels of lipid
accumulation: a. Assay Principle: Growing the cells in presence of
lipoprotein deficient serum induces the lipid biosynthesis in the cells.
Assay is performed on the cells induced by growing in lipoprotein deficient
serum followed by total lipid estimation using oil red staining. Oil Red O
is a lipophilic red dye used to stain neutral lipids in cells. The amount
of staining is directly proportional to the amount of lipid in the cell.
The content of lipid was checked across the extract treated and control
sets and the amount of dye and hence lipid content was measured
spectrophotometrically. b. Assay Procedure CHO-Kl cells were seeded at
density of 10 cells / well in 12 well-plate format. The 



cells were grown to 80% confluence in DMEM-F 12 medium with 10% fetal calf
serum, 2mM glutamine, 1.5 gm/L sodium bicarbonate and anti-mycotics and
penicillin and streptomycin at 37 C in 5% CO2 environment. After 2 days of
incubation the medium was replaced with DMEM-F 12 medium with 10%
lipoprotein deficient serum, 2mM glutamine, 1.5 gm/L sodium bicarbonate and
anti-mycotics and penicillin and streptomycin and grown for additional 24
hrs at 37 C in 5% CO2 environment. At the end of 24 hrs to the extract
treated sets Terminalia arjuna at concentration of 0.5 mg/ml were added
whereas the control sets were treated with vehicle (DMSO). The incubation
was continued for additional 4 hrs after which the cells were washed with
sterile PBS buffer, fixed and stained with Oil Red O. c. Oil Red
OStaining:Total volume  n each well for reagents is 500ml / well. Media was
removed and cells were washed with PBS thrice. For fixing the cells they
were incubated for Ih with 4% Formalin. Remove the Formalin and again wash
with PBS twice. For staining with Oil Red O, incubate it with the stain for
Ih. After Ih remove the stain and wash it with PBS and dry it for 10
minutes. Add 4% NP40. Read absorbance at 520nm in Spectrophotometer. d.
Results and Discussion: As seen from Table 28, Terminalia arjuna extracts
showed marked decrease in the amount of total lipids in the extract treated
cells. Terminalia arjuna bark successive extracts AV016BaSu(65)09(100) and
AV016BaSu(65)01(100) showed 22% and 21% inhibition as compared to control
set. Terminalia arjuna direct ethanol extracts AV016BaDi(65)04(100) and
AV016BaDi(28)04(20) showed 31% and 28% inhibition in the levels of total
lipids as compared to the control set. 2. HMG-CoA reductase assay:
3-Hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase is the first
committed step in cholesterol biosynthetic pathway. HMG-CoA reductase the
ratelimiting enzyme step in cholesterol biosynthesis has become the most
successful drug treatment for lowering total plasma cholesterol, in
particular LDL-cholesterol. a. Assay Principle: HMG-CoA reductase assay is
based on the oxidation of NADPH to NADP catalyzed by a fixed concentration
of HMG-CoA reductase from liver microsomal fraction.HMG-CoA reductase
HMG-CoA + 2 NADPH + 2H+ . Mevalonate + 2 NADPH+ The oxidation of NADPH to
NADP+ is accompanied by a decrease in absorbance at 340 nm and is directly
proportional to the HMG-CoA reductase activity in the sample. b. Results
and Discussion: The potential of Terminalia arjuna bark direct 100% ethanol
and 20% ethanol extracts AV016BaDi(28)04(20) and AV016BaDi(65)04(100) were
checked for their HMG-CoA reductase inhibition potential. It was found that
both AV016BaDi(28)04(20) and AV016BaDi(65)04(100) showed 93% inhibition
(Table 29) and 63.1% (Table 30) in HMG-CoA reductase activity as compared
to control set. 4. Anti-cancer assay: The Anti-cancer potential of the
Terminalia arjuna plant extracts was determined by screening the plant
extracts in vitro for cytotoxicity on the human hepatic cell line HepG2. a.
Experimental Details: The cells were seeded at a density of 2.5x1 05 cell
per ml in a 24 well plate. The cells were allowed to attach for 2 hour
before adding the extracts at a concentration of l Omg/ml. 48 hour after
incubation with vehicle i.e DMSO, ascorbic acid and extracts
AV016BaSu(65)09(100), AV016BaSu(65)01(100), AV016BaSu(65)04(100). The cell
viability was determined after 24 hours.b. Assay Protocol Seed HepG2 at a
cell density of 2.5xlO5 cells per ml. Add of the Ascorbic acid and
Terminalia arjuna extracts to final concentration of 10 mg/ml. Incubate in
5% CO2 incubator at 37 0C for 48 hour. Trypsinize cell. Mix with 1 part
trypan blue and 4 parts PBS and count the viable cells and the non-viable
cells by counting the cells that has taken typan blue (non-viable cells)
and the ones that has excluded it (viable cells). c. Results and
Discussions: It was found that treatment of HepG2 cells with T. arjuna
successive ethyl acetate AV016BaSu(65)09(100), acetone
AV016BaSu(65)01(100), and ethanol AV016BaSu(65)04(100), extracts there was
decrease in the total cell count and in the number of viable cells in case
of drug treated set as compared to the untreated set or the cells with DMSO
set (Table 31).Claims: 1. A method for treating a disease selected from the
group comprising obesity, cancer, cardiovascular disease and diabetes in a
mammal, which comprises administering to the said mammal an effective
non-toxic amount of at least an extract from Terminalia arjuna selected
from those as defined in Tables 1 - 24. 2. A method according to claim 1
wherein the disease is obesity and the extract is selected from the group
consisting of AVOl6BaDi(65)04( 100), AVO16BaDi(28)04(20), AVO16BaSu(65)09(l
00), AVO16BaSu(65)0 1( 100)g, AVO16BaSu(65)0 1( 100)ng, AVO16BaSu(65)04(l
00) AV016BaSu(65)06(100) and AV016FrDi(65)04(100) or a combination of two
or more thereof. 3. A method according to claim 1 wherein the disease is
cancer and the extract is selected from the group consisting of
AV016BaSu(65)09(100), 



AV016BaSu(65)01(100) and AVOl6BaSu(65)U4(100) or a combination of two or
more thereof. 4. A method according to claim 1 wherein the disease is
cardiovascular disease and the extract is selected from the group
consisting of AV016BaDi(65)04(100), AV016BaDi(28)04(20),
AV016BaSu(65)09(100) and AV016BaSu(65)01(100) or a combination of two or
more thereof. 5. A method according to claim 1 wherein the disease is
diabetes and the extract is selected from the group consisting of
AV016BaDi(65)04(100), AVO16BaDi(28)04(20), AVO16BaSu(65)09( 100),
AVO16BaSu(65)0 1( 100)g, AVOl6BaSu(65)01 ( 100)ng, AVOl6BaSu(65)04(l
00),AVO16BaSu(65)06( 100), AVO16BaSu(1 05)08( 100), AVO16FrDi(65)04( 100),
and AVO16FrSu(1 05)08(1 00) or a combination of two or more thereof. 6. A
method according to claim 1 wherein the disease is diabetes, obesity and
cardiovascular disease and the extract is selected from the group
consisting of AV016BaDi(65)04(100) and AV016BaDi(28)04(20) or a combination
of two. 7. A method according to any one of claims 1 - 6 wherein the said
treatment is a prophylactic treatment. 8. A pharmaceutical formulation for
use in the treatment of a disease selected from the group diabetes,
obesity, cardiovascular disease, and cancer comprising at least one extract
isolated from Terminalia arjuna, and selected from those listed in Tables 1
- 24 in admixture with a pharmaceutically acceptable carrier. 9. A
formulation according to claim 8 for use in the treatment of diabetes
comprising at least one extract selected from the group consisting of
AV016BaDi(65)04(100), AV016BaDi(28)04(20), AV016BaSu(65)09(100),
AVO16BaSu(65)0 1(100)g, AVO16BaSu(65)0 1(100)ng, AVO16BaSu(65)04( 100),
AVO16BaSu(65)06( 100), AV016BaSu(105)08(100), AV016FrDi(65)04(100), and
AVO16FrSu(1 05)08(1 00) or a combination of two or more thereof. 10. A
formulation according to claim 8 for use in the treatment of cancer
comprising at least one extract selected from the group consisting of
AV016BaSu(65)09(100), AV016BaSu(65)01(100) and AVOl6BaSu(65)04( 100) or a
combination of two or more thereof.11. A formulation according to claim 8
for use in the treatment of cardiovascular disease comprising at least one
extract selected from the group consisting of AV016BaDi(65)04(100),
AV016BaDi(28)04(20), AV016BaSu(65)09(100) and AVO16BaSu(65)0 1(100) or a
combination of two or more thereof. 12. A formulation according to claim 8
for use in the treatment of obesity comprising at least one extract
selected from the group consisting of AVOl6BaDi(65)04( 100),
AVO16BaDi(28)04(20), AVO16BaSu(65)09( 100), AV0l6BaSu(65)01(100)g,
AV016BaSu(65)01(100)ng, AV016BaSu(65)04(100), AV016BaSu(65)06(100) and
AV016FrDi(65)04(100) or a combination of two or more thereof. 13. A
formulation according to claim 8 for use in the treatment of diabetes,
obesity and cardiovascular disease comprising at least one extract selected
from the group consisting of AV016BaDi(65)04(100) and AV016BaDi(28)04(20)
or a combination of two. 14. A formulation according to any one of claims 8
- 13 for prophylactic use. 15. A method for the preparation of a
pharmaceutical formulation comprising bringing into association at least an
extract of the invention, and a pharmaceutically acceptable carrier
therefore. 16. An extract from Terminalia arjuna selected from the group
consisting of the extracts having the HPLC and/or MS characteristics shown
in Tables 1- 24. 17. A comestible comprising at least an extract from
Terminalia arjuna selected from the group consisting of the extracts having
the HPLC and/or MS characteristics shown in Tables 1 - 24.18. A comestible
according to claim 17 comprising at least an extract for use in the
prophylaxis of cancer. 19. A comestible according to claim 17 comprising at
least an extract for use in the prophylaxis of cardiovascular disease. 20.
A comestible according to claim 17 comprising at least an extract for use
in the prophylaxis of diabetes. 21. A comestible according to claim 17
comprising at least an extract for use in the prophylaxis of obesity. 22. A
comestible according to claim 17 comprising at least an extract selected
from AV016BaDi(65)04(100) and AVO16BaDi(28)04(20) either singly or in one
or more combinations thereof, for use in the prophylaxis of diabetes,
obesity and cardiovascular diseases. 23. Use of an extract selected from
the group consisting of the extracts having the HPLC and/or MS
characteristics shown in Tables 1 - 24 for the preparation of a medicament
for the treatment of disease selected from the group consisting of
diabetes, cancer, cardiovascular disease and obesity. 24. Use according to
claim 23 of an extract selected from the group consisting of
AVO16BaDi(65)04( 100), AVO16BaDi(28)04(20), AVO16BaSu(65)09(l 00),
AVO16BaSu(65)0 1( 100)g, AVO16BaSu(65)0 1( 100)ng, AVO16BaSu(65)04( 100),
AVO16BaSu(65)06( 100), AV016BaSu(105)08(100), AV016FrDi(65)04(100) and
AV016FrSu(105)08(100) for the preparation of a medicament for the treatment
or prophylaxis of diabetes and/or related diseases.25. Use according to
claim 23 of an extract selected from the group consisting 



AV016BaDi(65)04(100), AV016BaDi(28)04(20), AV016BaSu(65)09(100),
AV016BaSu(65)01(100)g, AV016BaSu(65)01(100)ng, AV016BaSu(65)04(100)
AV016BaSu(65)06(100) and AV016FrDi(65)04(100) for the preparation of a
medicament for the treatment or prophylaxis of obesity. 26. Use according
to claim 23 of an extract selected from the group consisting of
AV016BaDi(65)04(100), AV016BaDi(28)04(20), AV016BaSu(65)09(100) and
AV016BaSu(65)01(100), either singly or in one or more combinations thereof
for the preparation of a medicament for the treatment or prophylaxis of
cardiovascular disease. 27. Use according to claim 23 of an extract
selected from the group consisting of AV016BaSu(65)09(100),
AV016BaSu(65)01(100) and AV016BaSu(65)04(100) either singly or in one or
more combinations thereof for the preparation of a medicament for the
treatment or prophylaxis of cancer. 28. Use according to claim 23 of an
extract AV016BaDi(65)04(100) and AV016BaDi(28)04(20) either singly or in
one or more combinations thereof for the preparation of a medicament for
the treatment or prophylaxis of Diabetes, Obesity, and Cardiovascular
diseases.Table 1: HPLC fingerprint of extract AV016BaDi(65)04(100)Table 2 :
HPLC fingerprint of extract AV016BaDi(28)04(20).Table 3: HPLC fingerprint
of extract AV016BaSu(65)09(100).THERMAL OXIDATION OF A SiGe LAYER and
APPLICATIONS THEREOF The present invention concerns a method for oxidizing
a surface region of a SiGe layer. And this invention concerns a method for
treating a substrate comprising a semi-conducting layer on at least one of
its surfaces, said method comprising an annealing of the substrate, said
annealing itself comprising an oxidizing thermal treatment of the substrate
under an oxidizing atmosphere for oxidizing a surface region of said
substrate. Such methods already exist. The annealing of substrates as it is
exposed above is generally carried out in a controlled atmosphere.
Annealing in a non-oxidizing atmosphere (nitrogen, argon, vacuum, ...) is
generally exposed to the drawback of causing the phenomenon of pitting on
the surface of a semiconductor layer, particularly silicon. On the other
hand, annealing in an oxidizing atmosphere is exposed to the drawback of
creating defects in the crystal structure of the substrate. US 6 403 450
(US '450) proposes a solution for annealing a substrate without being
exposed to a surface pitting, while at the same time limiting as far as
possible the number of defects introduced into the crystal structure of the
substrate. US '450 indeed proposes a method which comprises the creation of
an oxidized region on a surface of the substrate, before the annealing of
said substrate. In such method the oxidized surface region protects the
substrate during the annealing - said annealing being carried out in an
atmosphere which leaves the oxidized surface region unaffected. US '450
thus provides a solution for limiting the drawbacks mentioned above in
relation with the annealing of a substrate.This solution is well adapted,
among others for the treatment of substrates of the SOI (Silicon On
Insulator) type. However, the recent evolutions concerning the
semiconductor substrates have promoted multilayer substrates which
generally comprise a support layer in a material such as e.g. Si, and at
least one layer in a semi-conducting material such as SiGe having a lattice
parameter which is different from the lattice parameter of the support
layer. SGOI (Silicon-Germanium On Insulator) substrates are an example of
such substrates. It would of course be interesting to apply the general
solution provided by US '450 on a SGOI substrate. This general solution
could be applied by creating the oxidized surface region through a
deposition of an oxide. However, this would add a step of deposition in the
process - which is not desired since such additional step would be
associated to additional time, complexity and costs. Another way of
creating the oxidized surface region would be to proceed through a "direct"
oxidation of the SiGe surface of a SGOI substrate (i.e. an oxidation of a
surface region of the SiGe layer through a thermal treatment of the SiGe
surface). But thermal treatments such as a thermal oxidation would be
associated to undesirable effects within the SGOI substrate. It is indeed
known that annealing a SGOI substrate - e.g. for oxidizing its surface -
can be associated to specific problems, and in particular to the generation
of dislocations within the SiGe layer of the SGOI. Such dislocations within
the SiGe layer are generated because of the formation, under the surface
oxidized region of said SiGe layer, of a 



Ge-enriched layer. The annealing indeed rejects Ge from the surface region
of the SiGe layer into the thickness of the SiGe layer, and this rejected
Getends to pile up at the interface between the surface oxidized region and
the underlying part of the SiGe layer. This pile up thus forms a
Ge-enriched layer, buried between a surface oxidized region and the
underlying remainder of the SiGe layer. This Ge-enriched layer has a
lattice parameter which is different from the lattice parameter of the
underlying remainder of the SiGe layer. Therefore, as the thermal oxidation
of the SiGe layer is carried out and as the thickness of the Ge-enriched
layer increases, this thickness would reach a value corresponding to the
apparition of dislocations due to the lattice parameter mismatch between
the Geenriched layer and the underlying SiGe. This limitation has been
exposed in an article by LeGoues et al. (Oxidation studies of SiGe" - J.
Applied Physics 65(4), 15 February 1989, 1724 - see in particular part C :
"Structural characterization"). There are thus limitations for applying the
general method of US '450 to a SGOI substrate - in particular for applying
it through direct oxidation. An object of the invention is to provide a
method which would not be associated to these limitations. Another object
of the invention is to provide a method for creating an oxidized surface
region on a SiGe layer - in particular a SiGe layer of a SGOI substrate -
by direct thermal oxidation, without generating defects such as
dislocations within the structure of the SiGe layer. Another object of the
invention is to provide a method for annealing a substrate such as a SGOI
substrate, in order to stabilize and reinforce a bonding interface between
two layers of said substrate. Another object is to provide a method as
mentioned above, which favours an homogeneous distribution of Ge through
the SiGe layer. These objects are achieved by a method for oxidizing a
surface region of a SiGe layer, said method comprising an oxidizing thermal
treatment of the SiGe layer under an oxidizing atmosphere for oxidizingsaid
surface region, characterized in that said method comprises two phases :  A
first phase of oxidizing thermal treatment, which is carried out directly
on said SiGe layer, said oxidizing thermal treatment being carried out so
as to obtain an oxidized region which is : > Thick enough for forming a
capping oxide which can protect the underlying SiGe from pitting during the
subsequent second phase, and > Thin enough for keeping the thickness of the
oxidized surface region under a threshold thickness range, said threshold
range corresponding to the generation of dislocations within the SiGe layer
due to a lattice parameter mismatch between a Ge-enriched region which is
located within said SiGe layer immediately under the oxidized surface
region and the underlying part of said SiGe layer, and  a second phase of
high temperature annealing in an inert atmosphere which is carried out on
said SiGe layer after said first phase, > said SiGe layer being capped with
said oxidized region created during said first phase, > said high
temperature annealing allowing the diffusion of Ge from said Ge-enriched
region into the underlying part of said SiGe layer. Preferred but
non-limiting aspects of such a method are the following :  said oxidizing
thermal treatment is carried out with a thermal budget corresponding to the
formation of a surface oxidized region composed of SiO2,  said oxidizing
thermal treatment is carried out at a temperature which is above a
transition temperature, said transition temperature defining a first
temperature domain under said transition temperature, where SiGe is
oxidized into an oxide of the form SixGey0 z (with z differentfrom 0), and
a high temperature domain above said transition temperature, where SiGe is
oxidized into SiO2,  said SiGe layer contains 20% Ge and said transition
temperature is between 750 and 800 0C,  said threshold range corresponds to
a thickness of 30 to 50 nm for the oxidized surface region,  said SiGe
layer comprises 20% of Ge, and said oxidizing thermal treatment is carried
out at 9000C during 15 min,  said oxidizing thermal treatment is carried
out under a pure oxygen atmosphere,  said high temperature annealing is
carried out with a thermal budget allowing a substantially uniform
distribution of Ge within the whole SiGe layer so as to eliminate said
Ge-enriched region,  said high temperature annealing is carried out at a
temperature between 1000 and 11000C during 2 hours, 



said high temperature annealing is carried out at a temperature of 11000C,
The invention furthermore concerns a stabilizing method for stabilizing at
least one bonding interface within a SGOI structure comprising a buried
oxide layer between a SiGe layer and a support substrate, characterized in
that : > said stabilizing method comprises the application of an oxidizing
method as mentioned above to the SiGe layer of said SGOI structure, > the
oxidizing thermal treatment of said oxidizing method being carried out on
the SGOI structure so as to form a protective oxide capping on the surface
of the SiGe layer of the SGOI structure, for protecting said SiGe layer
from pitting during the subsequent high temperature annealing of said
oxidizing method,  said high temperature annealing allowing at the same
time :> the stabilization of a bonding interface between said SiGe layer
and said buried oxide layer, and/or of a bonding interface between said
support substrate and said buried oxide layer, and > the diffusion of Ge
within the SiGe layer of the SGOI structure, in order to reduce the
generation of an oxide of the general form S ixGe yOz. Preferred but
non-limiting aspects of such a stabilizing method are the following :  said
oxidizing thermal treatment is carried out at a temperature which is above
a transition temperature, said transition temperature defining a first
temperature domain under said transition temperature, where SiGe is
oxidized into an oxide of the form SixGeyOz (with z different from 0), and
a high temperature domain above said transition temperature, where SiGe is
oxidized into Siq 2,  said SiGe layer contains 20% Ge, said oxidizing
thermal treatment is carried out for 30 minutes and said transition
temperature is between 750 and 800 0C,  said oxidizing thermal treatment is
carried out with a thermal budget which corresponds to the generation on
said SiGe layer of a surface oxidized region which is at the same time : >
Thick enough to protect said SiGe layer from pitting during the subsequent
high temperature annealing, > Thin enough to remain under said threshold
range.  said surface oxidized region has a thickness of 100 angstroms,
said SiGe layer comprises 20% of Ge, and said oxidizing thermal treatment
is carried out at 9000C during 15 min,  said high temperature annealing is
carried out at a temperature of at least 9500C during 2 hours,  said high
temperature annealing is carried out at a temperature between 1000 and
1100C during 2 hours, said high temperature annealing is carried out at a
temperature of 11000C. And the invention also concerns a bonding method of
a SiGe layer with a substrate layer made of a semiconductor material,
characterized in that an oxidizing method as mentioned above is carried out
on said SiGe layer so as to form in the surface region of said SiGe layer a
Siq 2 oxide layer, and the oxidized SiGe layer is then bonded with said
substrate layer.  said substrate layer said SiGe layer which comprises a
SiO2 oxide layer in its surface region is implanted so as to form an
embrittlement zone in its thickness, in a Smart-Cut(tm)-type process,  said
implantation and before said bonding said surface oxide is removed,  said
substrate layer is a Si substrate layer,  said substrate layer is covered
by an oxide layer. Other aspects, goals and advantages of the invention
shall better appear when reading the following description of preferred
embodiments of the invention, made in reference to the drawings on which :
Figure 1 is a schematical representation of the main general steps of a
method according to the invention,  Figure 2 is a graph showing two
temperature domains for a thermal oxidation of a SiGe layer (a first domain
where the oxidation generates an oxide of the form SixGeyOz (SiGeO ) ; and
a second domain where the oxidation generates an oxide of the form SiO2 -
thereby exhibiting a transition temperature between the two oxidation
regimes,  Figures 3a-3c are TEM images of cross-sections of three different
samples of SiGe layers, after these samples have undergone three different
types of oxidizing thermal treatments :> Thermal oxidation at 9000C during
50 minutes (sample of figure 3a), > Thermal oxidation at 9000C during 250
minutes (sample of figure 3b), > Thermal oxidation at 9000C during 500
minutes (sample of figure 



3c),  Figures 4a1-4a3 are TEM images illustrating the absence of defects in
the sample of figure 3a, after its oxidation,  Figures 4b1-4b7 are TEM
images illustrating the structure of the sample of figure 3b, after its
oxidation : > Figures 4b1-4b2 illustrate defects in a Ge-enriched region of
the sample, > Figures 4b3-4b5 illustrate defects at the interface between
said Ge-enriched region and the underlying SiGe of the sample, > Figures
4b6-4b7 illustrate a threading dislocation through the SiGe layer of the
sample,  Figures 4c1-4c12 are TEM images illustrating the structure of the
sample of figure 3c, after its oxidation - these figures showing in
particular a high concentration of defects in the Ge-enriched region of the
sample. General Features of the invention Method for oxidizing a surface
region of a SiGe layer A first aspect of the invention is a method for
oxidizing a surface region of a SiGe layer, said method comprising an
oxidizing thermal treatment of the SiGe layer under an oxidizing atmosphere
for oxidizing said surface region. Such method comprises two phases :  a
first phase of oxidizing thermal treatment, which is carried out directly
on said SiGe layer, and a second phase of high temperature annealing which
is carried out on said SiGe layer after said first phase, in an inert
atmosphere. The first phase is carried out under an oxidizing atmosphere.
It can be conducted as a dry thermal oxidation, or as a wet thermal
oxidation. This first phase is carried out so as to obtain an oxidized
region of the SiGe layer which is thick enough for forming a capping oxide
which can protect the underlying SiGe from pitting during the subsequent
second phase. Moreover, this first phase is also carried out so as to
obtain an oxidized surface region of the SiGe layer with a limited
thickness. Indeed, in such method the thickness of the surface oxidized
region of the SiGe layer must remain under a threshold thickness range.
Said threshold range corresponds to the generation of dislocations within
the SiGe layer due to a lattice parameter mismatch between :  the
Ge-enriched region which is formed by the migration of Ge away from the
surface during the oxidizing thermal treatment, and  the underlying
remainder of the SiGe layer. The invention thus exploits the existence of a
"threshold thickness range" which corresponds to the apparition of
dislocations. The second phase is carried out after the first phase, on the
SiGe layer covered by the surface oxidized region created during the first
phase. This oxidized surface region forms a capping oxide, which shall
protect the underlying part of the SiGe layer from pitting during the high
temperature annealing to come. It is specified that at this stage this
"underlying part" of the SiGe layer (i.e. the part lying under the surface
oxidized region) comprises a Ge-enriched layer.The high temperature
annealing of the second phase allows the diffusion of Ge from this
Ge-enriched region into the underlying part of said SiGe layer. Such
oxidizing method allows to create an oxidized region at the surface of a
SiGe layer, while avoiding at the same time pitting as well as
dislocations. Figure 1 illustrates the two phases of this method, applied
to a SiGe layer 100 which is here part of a structure 10 also comprising a
support layer 101 (which can be e.g. in Si) and a buried oxide layer 102
between the SiGe layer and the support layer. The structure 10 is typically
a circular wafer comprising very thin layers - these layers being not drawn
at real scale on the figures. In the first phase, the oxidizing thermal
treatment is carried out so as to create from the surface region of the
initial SiGe layer 100 an oxidized surface region 110. As mentioned above,
this surface region is thick enough for protecting the underlying regions
of the SiGe layer from pitting during the subsequent high temperature
annealing. And it is at the same time thin enough so as to remain under the
thickness threshold range mentioned above. Immediately under the oxidized
region 110 is a Ge-enriched region 120 formed by the migration of Ge away
from the oxidized region 110, during the thermal oxidation. And a remainder
120 of the SiGe layer lies under the Geenriched 



region 110. This remainder is composed of substantially pure SiGe, with the
same composition as the original SiGe layer. In the second phase, a high
temperature annealing is applied to the structure obtained after the first
phase. This high temperature annealing favours the diffusion of Ge between
the regions 120 and 130. And this high temperature annealing is carried out
until such diffusion is complete, i.e. until the two regions 120 and 130
form a single and homogeneous region 140, under the surfaceoxidized region
110 which is unaffected by the high temperature annealing. Method for
stabilizing a bonding interface The invention finds an advantageous
application in the stabilization of a bonding interface between a SiGe
layer and another layer. Such two layers bonded together can in particular
be two layers of a SGOI structure, with an oxide layer buried between the
SiGe layer and a support layer of the SGOI structure. Such configuration is
illustrated in figure 1. In this application of the invention, the
stabilizing method comprises applying an oxidizing method as mentioned
above to the SiGe layer of the SGOI structure. And the oxidizing thermal
treatment (i.e. the first phase) of said oxidizing method is carried out on
the SGOI structure so as to form a protective oxide capping on the surface
of the SiGe layer of the SGOI structure, for protecting said SiGe layer
from pitting during the subsequent high temperature annealing of said
oxidizing method. The high temperature annealing (second phase) of the
oxidizing method allows at the same time :  the stabilization of a bonding
interface between two layers which have been bonded (by molecular adhesion
resulting from a simple contact between two surfaces which have an
extremely low roughness) > this bonding interface can be an interface
between the SiGe layer and the buried oxide layer, and/or between the
support substrate and the buried oxide layer of the structure,  and the
diffusion of Ge within the SiGe layer of the structure, in order to reduce
the generation of an oxide comprising Si, Ge and O (i.e. an oxide of the
general form SixGeyOz) .Method for bonding Another advantageous application
of the invention is a bonding method of a SiGe layer with a substrate layer
made of a semiconductor material, wherein an oxidizing method as mentioned
above is carried out on the SiGe layer so as to form in the surface region
of said SiGe layer a SiO2 oxide layer, and the oxidized SiGe layer is then
bonded with the substrate layer. In such application, the oxidizing method
should preferably be carried out so that the thermal budget of its first
phase (oxidizing thermal treatment) allows the formation on the SiGe layer
of a surface oxidized region which is composed of SiO2. SiO2 placed between
two layers to be bonded (i.e. SiO2 on one surface to be bonded, or on both)
indeed favours the bonding of such layers. Application to a
Smart-Cut(tm)-type process As exposed above, the invention can be applied
to the bonding of a SiGe layer with another layer. Such "other layer" can
be a substrate layer which corresponds to the base (or "receiving") layer
of a Smart-Cut(tm)-type process. In a preferred application, the SiGe layer
has been oxidized so as to form a SiO2 oxidized region on it, and before
being bonded to the substrate layer this SiGe layer is implanted so as to
form an embrittlement zone in its thickness. The implantation is typically
carried out with species such as H and/or He. The oxidized surface region
protects the SiGe from undesired effects during the implantation. These
undesired effects include in particular :  contamination by hydrocarbons, a
possible channelling that would be created by implantation in the structure
of the SiGe layer. The SIO2 surface region covering this SiGe layer is
indeed amorphous and limits such effect of channelling. The oxidized
surface region on the SiGe layer can be used as a bonding layer after the
implantation, for the bonding of the SiGe layer with the substrate layer.
Alternatively, this surface oxidized region can also be removed after the
implantation and before the bonding of the implanted SiGe layer with the
substrate layer. In such case the main function of the oxidized region is
to protect the SiGe layer from the undesired effects of implantation. If
the surface oxidized region is removed before bonding, such removal should
preferably be carried out through a HF etching. 



The substrate layer can typically be a substrate layer in Si. And the
substrate layer can itself be covered by an oxide, before the bonding.
After the implantation and bonding, the subsequent steps of a
Smart-Cut(tm)-type process are carried out (cleaving at the embrittlement
zone created by implantation, and finishing e.g. by polishing). Applying
the invention in a Smart-Cut(tm)-type process allows to perform such a
process on a SiGe top (or "donor") layer without having to go through a
deposition step of an oxide on such layer. Detailed Features of the
invention The following explanations and details concern all the aspects of
the invention which have been mentioned above (method for oxidizing a
surface region of a SiGe layer, method for stabilizing, method for
bonding). The SiGe layer can have a Ge concentration of 20%, and this value
is used as a basis for many examples described below. However, such value
of the Ge concentration is not limitative.Oxidizing thermal treatment
(first phase) The oxidizing thermal treatment can be carried out as a dry
oxidation, or as a wet oxidation. It can be carried out under a pure oxygen
atmosphere.  Indication on the desired thickness for the oxidized surface
region As exposed above, the oxidizing thermal treatment is carried out so
as to fulfil simultaneously two conditions :  the oxidized surface region
of the SiGe layer must be thick enough for forming a capping oxide which
can protect the underlying SiGe from pitting during the subsequent second
phase,  but at the same time this oxidized surface region must remain thin
enough in order to remain under a threshold thickness range corresponding
to the apparition of dislocations. In an embodiment of the invention, the
threshold range is defined by a thickness of 30 to 50 nm for the oxidized
surface region of the SiGe layer. This is in particular well-suited for a
SiGe layer comprising 20% Ge. And a good value for the thickness of the
surface oxidized region is 100 angstroms - this value being also
well-suited for a SiGe layer comprising 20% Ge.  Generation of a surface
oxidized region made of SiO2 Preferably, the oxidizing thermal treatment
(first phase) is carried out with a thermal budget corresponding to the
formation of a surface oxidized region composed of SiO2. SiO2 is indeed an
oxide which is temperature-stable (i.e. its composition is not altered by
the exposition to high temperaturetreatments), which makes it particularly
advantageous (among others for undergoing the high temperature annealing of
the second phase, and for bonding purposes). For this purpose of obtaining
an oxidized surface region which is composed of SiO2, the applicant has
exploited observations made on different oxidizing thermal treatments on
SGOI wafer structures which were initially identical (with a surface SiGe
layer having 20% Ge), the oxidizing thermal treatments having the same
duration (30 minutes) but differing by their respective temperatures (these
temperatures being in the range 6400C - 8600C). The thickness as well as
the composition of the oxidized region were observed on each structure
after its thermal treatment. The applicant has derived from these
observations (and in particular from the observation of composition of the
oxidized region) that a transition temperature could be defined for the
oxidizing thermal treatments. For thermal treatments carried out above this
transition temperature, the surface oxidized region formed on the SiGe
layer of the structure was SiO2. And for thermal treatments carried out
under this transition temperature, the surface oxidized region formed on
the SiGe layer of the structure comprised Ge and was of the general form
SixGeyOz. Figure 2 shows that the transition temperature was between 750
and 800 0C in the case mentioned above (SiGe having 20% Ge, duration of the
thermal treatments 30 min.). This figure shows that the transition is
very-well marked. The upper curve of figure 2 shows the thickness of the
surface oxidized region of a SiGe layer comprising 20% Ge, as a function of
temperature of the 30 min. thermal treatment applied to the SiGe layer.
This upper curve is discontinued - and the location of the discontinuity
corresponds to the transition temperature.In addition to the measurement of
thickness of the oxidized region, a characterization of the nature of this
region was carried out (by observation of the oxide refractive index for
the oxidized region) for building the graph of figure 2. The left-hand part
of the upper curve corresponds to an oxidized 



region comprising SiGeO2 (refractive index of about 1.48). The right-hand
part of this curve corresponds to an oxidized region made of SiO2
(refractive index of about 1.45). The lower curve of the graph shows the
thickness of oxide formed on a Si layer, as a function of temperature for a
30 minutes thermal treatment. This curve is continuous since the nature of
the oxide formed on Si does not change with the temperature of the thermal
treatment. For the thermal treatment of the "first phase" mentioned above,
when SiO2 is desired as the material of the surface oxidized region of the
SiGe layer, the thermal treatment is thus carried out at a temperature
which is above a transition temperature, said transition temperature
defining a first temperature domain under said transition temperature,
where SiGe is oxidized into an oxide of the form SixGeyOz (with z different
from 0), and a high temperature domain above said transition temperature,
where SiGe is oxidized into SiO2. The graph of figure 2 concerns thermal
treatments carried out during 30 minutes. However, such duration is not a
limitation - and for different durations the transition temperature can
have values different from the values mentioned above with reference to
figure 2. As an example, the applicant has determined that a thermal
treatment carried out on a SiGe layer comprising 20 % Ge during 15 minutes,
at 9000C, produced an oxidized SiGe layer without noticeable dislocations
or pitting. This last example was furthermore well suited for the
application to a stabilizing method of a SGOI comprising said SiGe
layer.High temperature annealing (second phase) The high temperature
annealing of the second phase is carried out with a thermal budget allowing
a substantially uniform distribution of Ge within the whole SiGe layer so
as to eliminate said Ge-enriched region. This annealing is carried out in
an inert atmosphere. For a SiGe layer comprising 20% Ge, such thermal
budget typically corresponds to an annealing carried out at a temperature
over 9500C during 2 hours. More precisely, an annealing carried out at
temperatures between 1000 and 11000C during two hours is particularly
advantageous. Even more precisely, an annealing carried out during two
hours at 11000C is particularly preferred since the applicant has observed
that such conditions are necessary in order to reach a thermal budget which
allows to obtain a high bonding energy (2J/m2) . Such values have in
particular been characterized as advantageous for stabilizing the SGOI
structure mentioned in the example exposed with reference to the first
phase (oxidizing thermal treatment carried out for 15 minutes at 9000C).
Figures 3a-3c are TEM images of cross-sections of three different samples
of SiGe layers, after these samples comprising 20% Ge and having undergone
three different types of oxidizing thermal treatments :  Thermal oxidation
at 9000C during 50 minutes (sample of figure 3a),  Thermal oxidation at
9000C during 250 minutes (sample of figure 3b),  Thermal oxidation at 9000C
during 500 minutes (sample of figure 3c). These three samples exhibit a
surface oxidized region generally referenced 3 1 (i.e. 31a, 31b, 31c for
the three respective figures), and a pile-up region immediately under this
surface oxidized region. The pile-up region (generally referenced 32)
corresponds to the Ge-enriched region where Ge has migrated and accumulated
during the thermal oxidation.The three figures are not exactly drawn with
according scales. The following table summarizes the features of the three
samples (including the roughness of the interface between the pile-up
region and the underlying remainder of the SiGe layer (generally referenced
33) : sample Figures 4a1-4a3 are TEM images illustrating the absence of
defects in the sample of figure 3a, after its oxidation. It can be observed
that :  There is no defect at the interface between the pile-up (Ge
enriched) region 32a and the underlying remainder 33a of the SiGe layer,
There is no defect within the remainder 33a of the SiGe layer. The
oxidation of the first sample (illustrated in figures 3a, and 4a1-4a3) has
been carried out according to the "first phase" of the method of the
invention. Figures 4b1-4b7 are TEM images illustrating the structure of the
sample of figure 3b, after its oxidation (second sample). Figures 4b1-4b2
illustrate defects in a Ge-enriched region 32b of this sample. Its
oxidation has thus not been carried out according to the "first phase" of
the method of the invention. Figures 4b3-4b5 furthermore illustrate defects
at the interface between the Ge-enriched region 32b and the underlying
remainder of 



SiGe 33b of the sample. The measured defects concentration was 2.108
defects/cm2. Moreover, figures 4b6-4b7 illustrate a threading dislocation
through the whole SiGe layer 33b of this second sample.Figures 4c1-4c12 are
TEM images illustrating the structure of the sample of figure 3c (third
sample), after its oxidation. These figures show in particular a high
concentration of defects in the Ge-enriched region 33c of the sample. It is
thus clear that the thermal oxidation of this third sample has not been
carried out according to the "first phase" of the method of the
invention.CLAIMS 1. Method for oxidizing a surface region of a SiGe layer,
said method comprising an oxidizing thermal treatment of the SiGe layer
under an oxidizing atmosphere for oxidizing said surface region,
characterized in that said method comprises two phases :  A first phase of
oxidizing thermal treatment, which is carried out directly on said SiGe
layer, said oxidizing thermal treatment being carried out so as to obtain
an oxidized region which is : > Thick enough for forming a capping oxide
which can protect the underlying SiGe from pitting during the subsequent
second phase, and > Thin enough for keeping the thickness of the oxidized
surface region under a threshold thickness range, said threshold range
corresponding to the generation of dislocations within the SiGe layer due
to a lattice parameter mismatch between a Ge-enriched region which is
located within said SiGe layer immediately under the oxidized surface
region and the underlying part of said SiGe layer, and  a second phase of
high temperature annealing in an inert atmosphere which is carried out on
said SiGe layer after said first phase, > said SiGe layer being capped with
said oxidized region created during said first phase, > said high
temperature annealing allowing the diffusion of Ge from said Ge-enriched
region into the underlying part of said SiGe layer.2 . Method according to
the preceding claim characterized in that said oxidizing thermal treatment
is carried out with a thermal budget corresponding to the formation of a
surface oxidized region composed of SiO2. 3. Method according to the
preceding claim characterized in that said oxidizing thermal treatment is
carried out at a temperature which is above a transition temperature, said
transition temperature defining a first temperature domain under said
transition temperature, where SiGe is oxidized into an oxide of the form
SixGey0 z (with z different from 0), and a high temperature domain above
said transition temperature, where SiGe is oxidized into Siq 2. 4. Method
according to the preceding claim characterized in that said SiGe layer
contains 20% Ge and said transition temperature is between 750 and 800 0C.
5. Method according to any preceding claim characterized in that said
threshold range corresponds to a thickness of 30 to 50 nm for the oxidized
surface region. 6. Method according to any preceding claim characterized in
that said SiGe layer comprises 20% of Ge, and said oxidizing thermal
treatment is carried out at 9000C during 15 min. 7. Method according to any
preceding claim characterized in that said oxidizing thermal treatment is
carried out under a pure oxygen atmosphere. 8. Method according to any
preceding claim characterized in that said high temperature annealing is
carried out with a thermal budgetallowing a substantially uniform
distribution of Ge within the whole SiGe layer so as to eliminate said
Ge-enriched region. 9 . Method according to the preceding claim
characterized in that said high temperature annealing is carried out at a
temperature between 1000 and 11000C during 2 hours. 10. Method according to
the preceding claim characterized in that said high temperature annealing
is carried out at a temperature of 1100 C. 11. Stabilizing method for
stabilizing at least one bonding interface within a SGOI structure
comprising a buried oxide layer between a SiGe layer and a support
substrate, characterized in that :  said stabilizing method comprises the
application of an oxidizing method according to any of the preceding claims
to the SiGe layer of said SGOI structure,  the oxidizing thermal treatment
of said oxidizing method being carried out on the SGOI structure so as to
form a protective oxide capping on the surface of the SiGe layer of the
SGOI 



structure, for protecting said SiGe layer from pitting during the
subsequent high temperature annealing of said oxidizing method,  said high
temperature annealing allowing at the same time : > the stabilization of a
bonding interface between said SiGe layer and said buried oxide layer,
and/or of a bonding interface between said support substrate and said
buried oxide layer, and > the diffusion of Ge within the SiGe layer of the
SGOI structure, in order to reduce the generation of an oxide of the
general form SixGeyOz.12. Stabilizing method according to the preceding
claim characterized in that said oxidizing thermal treatment is carried out
at a temperature which is above a transition temperature, said transition
temperature defining a first temperature domain under said transition
temperature, where SiGe is oxidized into an oxide of the form SixGeyOz
(with z different from 0), and a high temperature domain above said
transition temperature, where SiGe is oxidized into SiO2. 13. Stabilizing
method according to the preceding claim characterized in that said SiGe
layer contains 20% Ge, said oxidizing thermal treatment is carried out for
30 minutes and said transition temperature is between 750 and 800 0C. 14.
Stabilizing method according to any of the three preceding claims
characterized in that said oxidizing thermal treatment is carried out with
a thermal budget which corresponds to the generation on said SiGe layer of
a surface oxidized region which is at the same time :  Thick enough to
protect said SiGe layer from pitting during the subsequent high temperature
annealing,  Thin enough to remain under said threshold range. 15.
Stabilizing method according to the preceding claim characterized in that
said surface oxidized region has a thickness of 100 angstroms. 16.
Stabilizing method according to any of the five preceding claims
characterized in that said SiGe layer comprises 20% of Ge, and said
oxidizing thermal treatment is carried out at 9000C during 15 min.17.
Stabilizing method according to the preceding claim characterized in that
said high temperature annealing is carried out at a temperature of at least
9500C during 2 hours. 18. Stabilizing method according to the preceding
claim characterized in that said high temperature annealing is carried out
at a temperature between 1000 and 11000C during 2 hours. 19. Stabilizing
method according to the preceding claim characterized in that said high
temperature annealing is carried out at a temperature of 11000C. 20.
Bonding method of a SiGe layer with a substrate layer made of a
semiconductor material, characterized in that an oxidizing method according
to claim 8 is carried out on said SiGe layer so as to form in the surface
region of said SiGe layer a SiO2 oxide layer, and the oxidized SiGe layer
is then bonded with said substrate layer. 2 1. Bonding method according to
the preceding claim characterized in that before being bonded to said
substrate layer said SiGe layer which comprises a SiO2 oxide layer in its
surface region is implanted so as to form an embrittlement zone in its
thickness, in a Smart-Cut(tm)-type process. 22. Bonding method according to
the preceding claim characterized in that after said implantation and
before said bonding said surface oxide is removed. 23. Bonding method
according to any of the four preceding claims characterized in that said
substrate layer is a Si substrate layer.24. Bonding method according to any
of the five preceding claims characterized in that said substrate layer is
covered by an oxide layer. 


