Dammarane Sapoge

Novel Nontoxic Anti-Cancer Agents

2007/05
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I. Background: Dammarane Sapogenins Research and Development

1. Anticancer Activities of Dammarane Sapogenins

Medical research has determined that the principle pharmacological activities of Araliaceous plants are derived
from their saponin content. Further research has confirmed that sapogenins, the metabolites of saponins, are a
class of compounds that are directly responsible for these pharmacological activities. These compounds are
referred to as Dammarane Sapogenins.

Araliaceous saponins are metabolized into Dammarane Sapogenins by [-glucosidase bacteria in the
gastrointestinal tract. All Dammarane Sapogenins share a pharmacologically active tetracyclic triterpene
backbone. Figure 1 shows the structure of protopanaxadiol, a Dammarane Sapogenin with recognized cytotoxic
anticancer properties.

Dammarane Sapogenins have strong anticancer woo ¥
properties, and are considered non-toxic. These i
qualities make Dammarane Sapogenins ideal
candidates for anticancer therapy. At low dosages,
Dammarane Sapogenins arrest the cell division of
cancer cells, and induce malignant cells to differentiate,
resembling benign cell morphology. At high dosages,
Dammarane Sapogenins can induce apoptosis in o
cancer cells through multiple mechanisms. e

Fig. 1

20(S)-Protopanaxadiol

Protopanaxatriol an isolate of Dammarane Sapogenins, has demonstrated strong immunomodulating action.
Studies show that dendritic cells treated with protopanaxatriol enhance the activation and differentiation of T cells.
Many other lines of evidence support the anticancer action of Dammarane Sapogenins:

Dammarane Sapogenins arrest cancer cell growth and induces differentiation at low dosages.

Dammarane Sapogenins induce cancer cell apoptosis through multiple pathways at high dosages;
Dammarane Sapogenins inhibit P-gp transporters.

Dammarane Sapogenins inhibit the growth of estrogen-sensitive breast cancer by blocking estrogen
receptors.

PN

2. Progresses in Dammarane Sapogenins Research

Since the mid 1990’s, a great deal of research has been focused on Dammarane Sapogenins. With recent
advances in technology, the isolation and standardization of these active ingredients for therapeutic use is now
possible. Extensive pre-clinical, and clinical studies on these isolates have already been conducted.

In 2002, pilot clinical studies on Dammarane Sapogenins were conducted at UCLA by Dr. Jerome Block.
Considering the long history of safe traditional use of Araliaceous plants, the FDA waived its Investigation of New
Drug (IND) mandate for Dammarane Sapogenins for these studies. The study results indicated that Dammarane
Sapogenins were well tolerated with no adverse effects reported. In these studies, the quality of life in patients
with pancreatic cancer was significant improved, with stabilization of their disease during the 8-month course of
Dammarane Sapogenin treatment. Dr. Block’s findings, along with a large body of existing evidence convinced
the FDA, and the standard toxicity studies for these proposed drugs were exempted.

In February 2003, following an extensive literature and operation review at Panagin Pharmaceuticals, the National
Research Council of Canada (NRC) granted financial support to Dammarane Sapogenins research programs at
Panagin. This support has brought Dammarane Sapogenins research to a new level of development.
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In August 2003, the federal government of Canada organized three rounds of project review meetings on
Dammarane Sapogenins. The panel reviewed the progresses in Dammarane Sapogenins research and development
conducted by Pegasus.  Based on their promising findings, funding for further clinical research in Dammarane
Sapogenins was granted through Industry Canada. This was the first federally funded clinical project of its kind
awarded to R&D in Dammarane Sapogenins.

In 2006, Pegasus Pharmaceutical Group Inc. received a site license from Health Canada’s Natural Health Product
Directorate (NHPD), which certifies Good Manufacturing Practice. In 2007, Dammarane Sapogenin preparations
were granted with Product Licenses from Health Canada NHPD. The licenses ensure that these products comply
with the highest degree of quality and standardization.

Intravenous Dammarane Sapogenin formulas have been approved as provisional drugs in a major hospital, in Fu
Jian Province, China. The preclinical studies required by Chinese SFDA have been completed, showing that
intravenous Dammarane Sapogenin therapy has great potential in cancer treatment.

Currently, Panagin is actively promoting the global development of Dammarane Sapogenins through
collaborations with many cancer research institutes in Canada, USA, Europe, Japan, China, HongKong, andTaiwan.
Multi-centre clinical studies for the efficacy of Dammarane Sapogenins on cancer therapy are underway.

I1. The Mechanisms of Action of Dammarane Sapogenins In Vitro

1. Dammarane Sapogenins Arrest Cancer Cell Growth and Induce Differentiation at Low Dosages

All cells, whether healthy or malignant, undergo three phases before

entering mitotic division (M) — the Gap-1 phase (G1), the Synthesis - <:> <::| -

phase (S), and the Gap-2 phase (G2) (Figure 2). Dammarane . marane g ﬁ

Sapogenins can arrest the cell division at the G1-S transition phase in  Sapogenins
wild type p53 cancer cells, and at G2 phase in p53 mutated cancer
cells. As a consequence, cancer cells stop dividing and tumors stop |:> -
growing. Fig. 2 Dammarane Sapogenins
Cause arrest of cell division cycles

Furthermore,
Dammarane Sapogenins can induce malignant cells to differentiate
into cells resembling benign cell morphology. The tightly arranged,
round, or irregular-shaped cells are malignant melanoma (Fig. 3a).
Following a 48-hour administration of Dammarane Sapogenins,
the differentiated, spindle-shaped phenotype (Fig. 3b), resemble
benign melanocyte morphology.

In summary, above studies demonstrated that low dose
Dammarane Sapogenins can induce cancer cell differentiation, and

Lo inhibit cancer cell division. Therefore, Dammarane Sapogenins
are prospective for the use in the prevention and treatment of cancers.

2. Dammarane Sapogenins Induce Cancer Cell Apoptosis through Multiple Pathways at High Dosages

Apoptosis, also referred to as programmed cell death, is a distinct cellular
process where cell membrane reshapes to form small spheric bodies called
apoptotic membrane blebbing (Arrows in Figure 4). With the administration of
Dammarane Sapogenins, the number and frequency of membrane blebs are
greatly increased, indicating an accelerated apoptotic process. This pro-apoptotic
capability of Dammarane Sapogenins involves a cascade of intracellular
signalling pathways.
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Dammarane Sapogenins activate apoptosis in cancer cells through the following 3 mechanisms (also shown Figure
S5):

1. Activation of multiple Caspase pathways, leading to apoptosis in cancer cells;
2. Inhibition of Akt phosphorylation, which in turn inhibits the survival pathways in cancer cells;
3. Amplification of free radical production in cancer cells, which also trigger apoptosis in cancer cells.

The activation of any one of the above-mentioned pathways will lead to apoptosis in cancer cells. The activation of
all three pathways simultaneously will initiate cancer cell

apoptosis at an increased rate. Dammarane Sapogenins Fig.5
. . . v
2.1. Dammarane Sapogenins Activate Multiple _
Caspases to Induce Apoptosis in Cancer Cells ¢
.. ) 2 . Free radicals
Apoptosis is a physiological process that brings about Phosphorylation
natural cell death. Apoptosis can be achieved through 1

various physiological means in cancer cells, as shown in [ AKT (P ] ' I
Figure 5. These processes can prevent aberrant cells ‘ ,
. . 4 3 - Activate multiple Caspase

from proliferating and potentially developing into
malignant tumors. o Other apoptotic

) : ) €= Survival Pathway mechanisms
Among these different physiological processes, the
Caspase Pathway is one of the most important and well
documented.  Caspases are a class of zymogen, <
pre-enzymes responsible for activating apoptosis.

Zymogens become active enzymes through proteolytic cleavage,

Fig. 6. Dammarane Sapogenins

activate Caspases to caise which results in a cascade of zymogen to enzyme activation.
apoptosis in cancer cells. 5 4 d .

Caspases eliminate abnormal cells, including cancerous cells, by

External stimuli Internal stimuli _ activating the apoptosis process through a series of biochemical

processes called signal transduction.

Dammarane . Mitochondrial perm- i : . . .
Sapogenins :> eability change Caspases are divided into 2 groups according their functions: the
@ initiator enzymes, and the executor enzymes. As shown in Figure
Release of Cytochrome.

5, caspase 8 is an upstream initiator, transducing the death signals
that activate caspases 3, 6 or 7. Caspases 3, 6, and 7 are the

[[caspasess 5. 7|1 caspaseo |  executors, whose actions result in the death of cancer cells through
apoptosis. Cytochrome C and caspase 9 are also involved in
'\] zymogen activation. Likewise, they transduce death signals down

Cancer cell apoptosis bemmarane  Stréam to caspases 3, 6, and 7. However, genetic mutations in
Sapogenins cancer cells interrupt these pathways, disrupting apoptosis. In
result, many cancer cells survive harsh environments, such as

exposure to chemotherapeutic drugs.

Dammarane Sapogenins directly activate many caspase pathways, including caspases 8 and 9 (the initiators) and
caspase 3, 6 and 7 (the executors). Directly initiating the “executor” caspases activates apoptosis without the
mediation of their up stream initiators. In this way, Dammarane Sapogenins short cut apoptotic mechanisms,
leading to the rapid programmed cell death of cancer cells.

2.2 Dammarane Sapogenins Cause Apoptosis in Cancer Cells through Other Pathways
Dammarane Sapogenins can also bring about apoptosis in certain cancer cells that cannot be activated through

caspases. This indicates that Dammarane Sapogenins have apoptotic mechanisms independent of caspase
pathways.
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® Dammarane Sapogenins Increase Free Radicals within Cancer Cells, Leading to Apoptosis

Recent studies have discovered another mechanism for Dammarane Sapogenins mediated apoptosis.
radicals within cancer cells are significantly increased following treatment with Dammarane Sapogenins.

Free
Most

cancer cells have elevated concentrations of free radicals following 1 hour of Dammarane Sapogenins

administration.
independent mechanisms.

Free radicals can activate various apoptotic pathways through caspases dependent and caspase

® Dammarane Sapogenins Inhibits Akt Activity, which Inhibits the Cells’ Survival Pathway

Cancer cells are constantly under attack by the body’s immune system, anti-cancer drugs, etc..
found that cancer cells survive this grueling environment by keeping their survial pathway open.

Studies have
In normal cells

this survival pathway is usually closed, and is only activated provisionally while the cell is subjected to temporary

stressors.
immunological and pharmacological assaults.
gene, can activate this cancer cell survival pathway.

Akt is a kinase that inhibits cancer cell apoptosis by opening
survival multiple pathways (Figure 7). Akt is activated
through the process of phosphorylation. Once activated,
not only does Akt inhibits apoptosis, it also stimulates cell
growth.  Therefore, one way to inhibit the survival
pathway is to down regulate Akt activity.

PTEN gene expression normally inhibits Akt activation,
which then leads to apoptosis. However, a PTEN mutation
that results in the loss of functional expression would no
longer inhibit Akt activation. As a result, cellular
apoptosis is disrupted.

Dr. William Jia and his team at the University of British
Columbia discovered that Dammarane Sapogenins
effectively inhibit the survival pathway in cancer cells
lacking PTEN expression. There is evidence that the level
of Akt phosphorylation is significantly reduced in cancer
cells treated with Dammarane Sapogenins.
certain cancer cells.

Fig. 7.

However, the survival pathway in cancer cells is kept open indefinatley, allowing them to resist
Genetic degradation in cancer cells, such as damage to the PTEN

Dammarane Sapogenins

block survival pathway in cancer

cells to cause apoptosis
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Furthermore, Dammarane Sapogenins arrest Akt biosynthesis in

2.3 Dammarane Sapogenins Are Effectively Inhibit Cancer Cells with Various Mutations.
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Dammarane Fig. 8 Sapogenins and its analogs affect a wide spectrum of cancer cells. Dr. Jia’s
laboratory found that Dammarane Sapogenins exhibited anticancer activity in all cancer cell lines tested. As
shown in Figure 8, Dammarane Sapogenins and its analogs exhibited cytotoxicity in a range of cancer cells,
including human pancreatic cancer (MIAPaCa-2), breast cancer (MCF-7), prostate cancer (PC3), and lung cancer
(H460).

In addition, Dammarane Sapogenins induce apoptosis in cancer cells with different genetic backgrounds. Figure
9 shows a typical example of the cytotoxicity of Dammarane Sapogenins in two different brain cancer cell lines,
exhibiting different genetic mutations. SF188 lacks the p53 gene, while U87 has lost the PTEN gene. p53isa
tumor supressor gene that codes for a protein involved in regulating gene expression. The normal expression of
p53 arrests cellular division, which eventually results in apoptosis. However, p53 is prone to mutation. This
mutation can cause normal cells to become cancerous. Furthermore, some chemotherapeutic drugs require the
normal function of p53 in order to be effective. Therefore, a mutation of p53 may lead to multidrug resistance.

PTEN mutations are also common in cancer cells. As previously mentioned, PTEN regulates the survival
pathway through the activation of Akt. Once the PTEN gene is lost, cancer cells can become drug resistant
through the activation of Akt. Dammarane Sapogenins exhibit anticancer effects regardless of whether the
normal functions of the p53 or PTEN genes have been compromised.

3. Dammarane Sapogenins Inhibit P-gp

Polyglycoprotein (P-gp) is a transporter protein located on cell membranes. It functions by pumping toxic
substances, including anticancer drugs, out of the cell. In this way, P-gp protects cells by maintaining low
intracellular concentration of cytotoxic drugs. - The over expression of P-gp on the cancer cell membrane is one of
the principal mechanisms for multi-drug resistance (MDR).

Dr. William Jia’s laboratory at UBC studied the effects of Dammarane Sapogenins on P-gp. These studies
indicate Dammarane Sapogenins inhibit P-gp, thereby increasing the concentration of anticancer drugs within
cancer cells. Fig. 10a Fig. 10b

Figure 10 shows two photographs of human MDR breast
cancer. In order to test P-gp regulation, cancer cells were
incubated with a fluorescent dye. Once inside the cell, this
dye emits fluorescent light. Figure 10a shows the control
assay, cancer cells that have not been treated with ammarane
Sapogenins. Here, little fluorescent light can be seen
because P-gp is highy active, pumping the fluorescent dye
out of the cell. Figure 10b shows the test assay, cancer
cells that have been treated with Dammarane Sapogenins for

Control 15 min a_fter Dammarane
15 minutes. The test assay clearly shows the accumulation Sapogenins treatment

of fluorescent dye within the cancer cells, due to the blockage of their P-gp. This study indicates Dammarane

" — Sapogenins can reverse MDR through the inhibition P-gp,
Fig 11 Competitive Estrogen Receptor Binding . . . . .
increasing intracellular anticancer drug concentrations.
120%
0 . I
3 'sos I 4. Dammarane Sapogenins Inhibit the Growth of
& 60% i\{\ Estrogen-Sensitive Breast Cancer by Blocking Estrogen
5 40% 5
2 o Receptors
0% T T T 1
01 t 10 100 Studies at Dr. William Jia’s laboratory at UBC revealed that
concentrations(uM) Dammarane Sapogenins have an affinity for estrogen receptors

(Figure 11). Though Dammarane Sapogenins are estrogen analogs, they have very weak estrogen-like actions.
In this way, Dammarane Sapogenins competitively inhibit the effects of estrogen, as illustrated in Figure 12. This
mechanism has clinical significance for breast cancer prevention, treatment, and lasting remission.
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5. Dammarane Sapogenins are Effective in Advanced and Multi-drug Resistant Cancers

The treatment of advanced cancers has yet to be adequately developed. Despite the most innovative standard
medical treatment, cancers relapse in the majority cases. Most recurrent cancers are drug resistant. Advanced,
multi-drug resistant cancers are difficult to control. = However, Dammarane Sapogenins have demonstrated
efficacy in the treatment of advanced and multidrug resistant cancers.

P388wt and P388adr are a pair of cancer cell lines with identical genetic backgrounds. The only distinction is
that P388adr cells express significantly more P-gp. Therefore, P388wt is sensitive to anticancer drugs while
P388adr is multi-drug resistant. Figure 16A shows the chemotherapeutic agent Doxorubicin to be effective in
killing P388wt, IC50 at 0.064 uM. Meanwhile, Doxorubicin is far less effective in killing MDR cancer P388adr,
with an IC50 at 20 pM, which is over three-hundred times greater than the amount required for P388wt.
However, the dose-response curve of Dammarane Sapogenins is different. The dose-response is similar in both
drug sensitive P388wt and MDR P388adr. The IC50 for both cell lines is 15ug/ml (33 pM) (Figure 13B). The
toxicity of common chemotherapeutic agents makes it is difficult to increase their dosages in order to combat
MDR cancers. In contrast Dammarane Sapogenins show no significant toxicity. An analysis of its anticancer
dose-response curve shows that Dammarane Sapogenins can completely kill cancer cells without toxic effects.
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Fig. 13
A. Dose-response curve of regular B. Dose-response curve of Dammarane
chemotherapeutic agents in MDR cancer cells Sapogenins in MDR cancer cells

These results have been confirmed by the clinical application of Dammarane Sapogenins for advanced and MDR
cancer patients.
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I11. Toxicology Studies of Dammarane Sapogenins

1. Toxicology of Orally Administered Dammarane Sapogenins

® Acute Toxicity Studies

Toxicology studies are preliminary for any anticancer drug candidate. Numerous animal studies were conducted on
Dammarane Sapogenins. The following is a brief summary:

In acute toxicity studies, mice were fed with Dammarane Sapogenins in oral doses up to 4,000 mg/kg body weight.
Some animals exhibited closed eyes, quietness, reduced activity, and drowsiness. After 4 hours these symptoms
disappeared; animals regained normal movement, and intake of food and drink. No animal died within 7 days
following this course of Dammarane Sapogenins. Pathology examinations showed normal heart, liver, spleen,
kidney, stomach, and intestine histology.

® [ong-Term Toxicology Studies

In long-term toxicology studies, animals were given high-dose (333.3 mg/kg), medium-dose (131.0 mg/kg), and
low-dose (51.5 mg/kg) Dammarane Sapogenins treatment. Dammarane Sapogenins were administered daily for
8 consecutive weeks. Animals were observed for 2 weeks following the regime. The results are summarized as
the follows:

Within 24 hours of exposure, few of the animals in the high-dose and medium-dose groups had transient prostatic
hypertrophy. Some animals in the high-dose group had transient ovarian hypertrophy. These enlarged organs
returned to their normal size within a 2 weeks period following the regime. Routine blood and organ histology
revealed no abnormalities.

® Conclusions

Acute toxicology studies demonstrated that Dammarane Sapogenins, at dosages equivalent to 550 times higher
than the human dose do not cause any adverse reactions. Long-term toxicology studies demonstrated that the
long-term use of Dammarane Sapogenins at dosages equivalent to 50 times higher than the human dose do not
cause any changes in heart, liver, kidney and blood counts; nor did these dosages cause damage to the nervous
system. No vomiting or hair loss was observed. Dammarane Sapogenins are nontoxic at the dosages used.

2. Toxicology of Dammarane Sapogenins in Injectable Dosage Form

® Hemolysis and Pyrogen Tests

Intravenous Dammarane Sapogenins therapy has been in clinical use. The I.V. solution used is 10 mg of
Dammarane Sapogenins per milliliter of solution. At this concentration, in vitro 3-hour hemolysis test did not
show any hemolysis. This is in compliance with injectable solution standards. In addition, injectable
Dammarane Sapogenins met further standards by testing negative to pyrogen tests.

® Blood Vessel Irritation Test

At low dosage, intravenous Dammarane Sapogenins did not show any indication of blood vessel irritation,
observed by gross and microscopic examination. High dose exhibited mild irritation of blood vessels in the ears
of rabbits.

® Allergy Tests in Cavia porcellus
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I.V. Dammarane Sapogenins were nonallergenic when tested for local and systemic reactions in Cavia porcellus.

® Acute Toxicity Studies of Injectable Dammarane Sapogenin

Acute toxicity studies obtained LD50’s for injectable Dammarane Sapogenins. The test found that the LD50 for
female mice is 511.28 mg/kg body weight; for male mice it is 494.70 mg/kg. These dosages are 15 times higher
than effective clinical doses.

3. Dammarane Sapogenins VS. Chemotherapeutic Drugs

Dammarane Sapogenins preparation is considered safe HB Fig. 14
in comparison with most chemotherapeutic drugs. As
shown on fig. 13, 14 and 15, Hb, RBC and WBC of 109 .
animals treated with Taxol all droped in contrast with 1201 T I T
control group. However, the RBC count of animal 1009 1
treated with Dammarane Sapogenins was stable, while | 5 * T
the Hb and WBC increased. Dammarane sapogenins T % I
did not result in bone marrow suppression. (Figures 1
14, 15, and 16.) 21
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IV. Pharmacological Actions of Dammarane Sapogenins In Vivo
1. Dammarane Sapogenins Are Effective in Treating Brain Cancers
120
Fig 17 Dammarane Sapogenins were studied in brain cancer
o 100 ] i animal models. Intracranial implantation of gliomas
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= 60 1 -_25mgﬂ(g administration of Dammarane Sapogenins treatment or
g T SO placebo. The results are expressed in a Kaplan-Meier
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indicates the percentage of animals survived, and horizontal-axis
represents the days of survival. As shown, the entire control
group died within 24 days. Meanwhile, 40% of animals in the
25 mg/kg group survived for 40 days. The survival was dose
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dependent; that is, the survival improves if the dose is increased from 5 to 25 mg/kg.

Figure 18 shows Dammarane Sapogenins administration causes a significant reduction in the size of gliomas in a
subcutaneous xenograph model. Prostate and pancreatic cancer models also demonstrated similar results.

Clinical studies have also found Dammarane Sapogenins to be effective in the treatment of brain cancers, causing
tumors to shrink, with reductions in perilesional edema (Figure 19).

Fig.19 Dammarane Sapogenins in the treatment of non-small cell lung cancer
with brain metastases

Before treatment After treatment Before treatment After treatment

3. Dammarane Sapogenins Inhibit Breast Cancer in Animal Models, and are Tamoxifen Agonists

According to the studies conducted by Dr. William

0.40 Fie. 20 _ Jia at UBC, oral administration of Dammarane
085 +;Zn;: 'fe;l'sm/kg Sapogenins is effective in the treatment and
g 0% ST prevention of estrogen-dependent breast cancer.
0% The studies demonstrated that Dammarane
z ziz Sapogenins have cgmpetitive ighibitory effects on
E 010 estrogen receptor sites, decreasing the estrogen to
005 estrogen receptor binding.  Decreased estrogen
0.00 1 Y2 v & e o« ‘ receptor binding leads to a reduction in the growth
10 15 20 25 30 35 of estrogen-dependent breast cancer. In a breast
treatment day cancer animal model, Dammarane Sapogenins

completely arrested the growth of

estrogen-dependent breast cancer in high estrogen exposure. Furthermore, when used in combination,
Dammarane Sapogenins can enhance the effects of Tamoxifen. Dammarane Sapogenins have also demonstrated
the ability to inhibit the stimulatory effects of estrogen on early stage breast cancers. Tamoxifen does not possess
such an effect. Based on these studies, Dammarane Sapogenins therapy has demonstrated the potential to
outperform Tamoxifen in the prevention of breast cancer recurrence and metastasis.

As shown in Figure 20, estrogen positive MCF-7 breast cancer cells were implanted in SCID mice subcutaneously.
In this xenograph model, Dammarane Sapogenins and Tamoxifen were used to treat the cancer. It is
demonstrated that both agents can completely block the growth of breast cancer in 15 days. However, statistical
analysis shows Dammarane Sapogenins have a stronger effect than Tamaxifen (P<0.01). It is noted from day 10



10

Dammarane Sapogenins

to 15 that tumor sizes in the Tamaxifen group were significantly larger than those in the Dammarane Sapogenins
treatment group.

These results clearly demonstrate that not only do Dammarane Sapogenins block estrogen-induced breast cancer in
high estrogen environments, they also inhibit estrogen-induced growth in early stage breast cancer. In summary,
these results indicate that Dammarane Sapogenins are more effective than Tamoxifen in the post-surgical
prevention of breast cancer recurrence and metastases.

4. The Pharmacological Actions of Dammarane Sapogenins Intravenous Treatment

Animal studies demonstrated that intravenous administration of Dammarane Sapogenins inhibit the growth murine

sarcoma S180, murine melanoma B16, murine Lewis lung cancer, and murine colon cancer colon-26 in a dose

dependent manner. The inhibition rate of murine sarcoma S180 and murine melanoma was 36-55% and 32-48%

respectively, following 7 consecutive daily intravenous injections of Dammarane Sapogenins at dosages of 15-60

mg/kg. The inhibition rate of murine Lewis lung cancer and murine colon cancer colon-26 was 36-54% and

31-47% respectively, following 10 consecutive daily intravenous injections of Dammarane Sapogenins at dosages

ranging from 15-60 mg/kg. In the model of intestine cancer LOVO implanted in nude mice, high dose (60 mg/kg)
caused a 60% inhibition rate following a course of 10 consecutive daily intravenous injections. A low dose of 15

mg/kg causes a 30% inhibition.

A dose of 10 mg/kg of intravenous administration of Dammarane Sapogenins was used in combination with
adrimycin, cisplatin, and paclitaxel in the treatment of murine sarcoma S180. The results demonstrated that
Dammarane Sapogenins enhanced the effects of these drugs.

Intravenous administration of Dammarane Sapogenins has demonstrated an affect on the immune systems in mice
bearing Lewis lung cancer. Although low dose did not show. obvious evidence of immunomodulation, higher
dosages can enhance the growth of the spleen lymph cells, and increase the activation of Natural Killer cells.

In summary, pre-clinical studies demonstrate that intravenous Dammarane Sapogenins therapy has strong
anticancer activities in many types of implanted and xenograph animal models. Furthermore, the results indicate
a dose dependence. In addition, Dammarane Sapogenins enhance the immune function of the tumor-bearing
mice.

V. The Pharmacokinetics of Dammarane Sapogenins

1. Blood Drug Level and Time Distribution Studies Fig 21
A major challenge to the development of oral Diffierent Dosage Froms of Dammarane Sapogenins
Dammarane Sapogenins delivery is overcoming its low Blood Drug Levels Study
bioavailability. Lipid-soluble sapogenins alone 10000
cannot be absorbed in the gut since they aggregate and 0,000
precipitate in the presence of the gastric acid. 8,000 1A —ve
Pegasus investigated different modes of delivery for _ 7,00 \\ :g:: ::':;“;:e" Capsule
Dammarane Sapogenins in order to determine the best § 6,000 Oral Softgel Capsule
means to improve their. & 5000 7 \
£ 4000
Four different modes of delivery were formulated and 2222 \
their blood drug levels were compared. Blood drug 1,000
levels were measured at different intervals to show = : : : ‘ ‘
time distribution characteristics. The results are 0 20 40 60 80 100 120 140
demonstrated in Figure 21. As shown, hard shell time (min)

capsules with Dammarane Sapogenins powder have the poorest oral absorption. Oral solution has increased
absorption. However, the soft gel capsules resulted in the best overall oral absorption. The blood level peaked
between 30 and 40 minutes. This rapid absorption indicates that it is absorbed in the stomach. The blood drug
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level is even higher than that of I.V., between 40 minutes and 2 hours. Dammarane Sapogenins in soft gel
capsule dosage form has very good bioavailability, which yields blood levels in line with our anticancer models.

2. Dammarane Sapogenins Cross the Blood Brain Barrier

Figure 21 shows the organ distribution of Dammarane Sapogenins in animals. The vertical-axis represents the
index of drug distribution, while the horizontal axes represent the organs and dosages of Dammarane Sapogenins.
The chart shows that Dammarane Sapogenins have high distributions in the brain and liver; in fact, the brain has
the highest distribution. The distribution is positively correlated with the dose. These findings demonstrate that
Dammarane Sapogenins may be useful in the treatment of malignant brain tumors, whether primary or metastatic.

3. A New Method of Delivery Yields Maximum Bioavailability of Dammarane Sapogenins

The patented technology used by Pegasus
increases the bioavailability of active
hydrophobic  botanical compounds by
preventing their aggregation and
precipitation. This allows the active
ingredients to be readily absorbed by the
stomach and intestines.  Researchers at
Pegasus went outside conventional methods
of drug delivery, establishing an innovative
mode of administration. This innovation
has been made possible by Oral
50mglkg Bioavailability Enhancement Technology.
3omg/kg This method of delivery allows for sufficient

10mg/kg absorption of large dosages of Dammarane
liver Sapogenins. The standard daily oral dose
of Dammarane Sapogenins, as scaled from
our anticancer models, is 15-30mg/kg of body weight. Such a.dose would not be practically achievable without
Oral Bioavailability Enhancement Technology. = This technology has made it possible to deliver a therapeutic dose
without need of intravenous injection. Oral Bioavailability Enhancement Technology marks a monumental step
forward in the clinical applications of Dammarane Sapogenins, as well as other phytopharmaceuticals.

V1. Clinical Studies of Dammarane Sapogenins

To date, thousands of advanced cancer patients have used Dammarane Sapogenins therapy. Clinical studies at
centers worldwide have demonstrated that Dammarane Sapogenins are effective in treating advanced and MDR
cancer. The studies have demonstrated that Dammarane Sapogenins can effectively reduce tumor size, stabilize
disease condition, improve life quality, prolong survival time, and prevent recurrence and metastases. It is
especially noteworthy that Dammarane Sapogenins cross the Blood-Brain Barrier, and have been shown to treat
primary and metastatic brain cancers.

1. Clinical Studies of Dammarane Sapogenins in the USA

Dr. Jerome Block and Steve Evans conducted a combined phase I/I clinical study at UCLA-Harbor Medical
Center. They studied the effectiveness and adverse reactions to oral Dammarane Sapogenins therapy on patients
with advanced pancreatic cancer and prostate cancer. In the study, patients had no adverse effects with treatment,
and had significant improvement in their quality of life. During the 8-month study period, none of the patients
showed any disease progression. With prostate cancer patients, the tumor marker PSA had lowered or stabilized
during the study period. The principal investigator, Dr. Block was a renowned oncologist in America. He
believed that Dammarane Sapogenins are novel anticancer agents that are safe and effective for the treatment of
advanced cancer patients. The study results were published with the American Society of Clinical Oncology.
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2. Clinical Studies of Dammarane Sapogenins in Canada

Dr. Emma Guns-PhD, from BC Cancer Agency, and Dr. Hal Gunn-MD and Dr. Linda Balneaves-PhD, from the
Centre of Integrated Healing in Vancouver, conducted a series of single case studies of various advanced cancer
patients using oral Dammarane Sapogenins therapy. The results illustrate the general effectiveness of this
regimen. Furthermore, only mild side effects were documented. Slight abdominal discomfort at higher dosages
was reported.

Dammarane Sapogenins therapy has been considered as the first line of treatment for advanced cancer. Dr. Jim
Chan-ND has specialized in cancer treatment. He has studied over one thousand cases using Dammarane
Sapogenins in cancer treatment. His studies indicate that patients who have undergone Dammarane Sapogenins
therapy have shown disease stabilization, reductions in tumor size, and in some instances remittance. A study
was conducted with advanced, recurrent, metastatic, and multidrug resistant (MDR) cancers. The clinical
endpoints evaluated symptoms, quality of life, and overall survival. The result demonstrated that the majority of
patients had improved clinical symptoms and quality of life; they also had significantly prolonged survival.

3. Clinical Studies of Dammarane Sapogenins in China

A clinical study was conducted at a major hospital in Fujian, China. - Intravenous Dammarane Sapogenins therapy
was used alone in the treatment of advanced cancers. It was found to be effective in stabilizing the disease, and
in reducing the tumor sizes with MDR cancers. During the study period, no serious adverse effects were
observed. All patients tolerated the Dammarane Sapogenins treatment well. The study results were published
with American Society of Clinical Oncology.

In 2005 and 2006, another clinical study was conducted in a major hospital in Yichun. High doses Dammarane
Sapogenins 1.V.(5000mg ~ 7000mg per day) were used in the treatment of advanced cancers. The overall
response rate (including complete and partial responses, and stable disease) for primary lung tumor lesions was
over 80-percent. Furthermore, 90-percent of patients saw an increase in their WBC count, which demonstrates
bone marrow function restoration from damage as a result of conventional chemotherapy. The study also
demonstrated that Dammarane Sapogenins was well tolerated by patients, with no severe adverse effects.
Dammarane Sapogenins was safe and effective.

4. Clinical studies of Dammarane Sapogenins in Japan

In 2005, a study was conducted in Tokyo Japan to determine the clinical safety of Dammarane Sapogenins. The
result showed that Dammarane Sapogenins enhanced humoral immune function. Average values of IgE and IL-6
were decreased. Only light gastrointestinal discomfort was evident in some subjects. Blood tests confirm that
Dammarane Sapogenins therapy is safe for human use.
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