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Objective: The overall goal of this project to Utilize Chemicals Isolated from Birch Bark
as a Therapeutic Treatment against Pathogenic Herpes Virus. More specifically the goal
of the proposed investigation will be to synthesize 45-50 betulin/ allobetulin prodrugs of
increased hydrophiloic character, confirm the structure properties of each new compound
and perform the necessary biological testing to identify the top 2-3 candidates to move
forward the clinical trials.

Background: A collaboration among investigators from the UMD School of Medicine
(Professor Kendall Wallace, Biochemistry/Molecular Biology), the College of Science
and Ingeneering (Professor Robert Carlson, Chemistry; Professor Raj Karim, Biology)
and the Natural Resources Research Institute (Dr. Pavel Krasutsky, Director, NRRI
Extractives Program) has been recently developed (1997-1998) to evaluate the economic
potential of phytochemical by-products from regional industrial processes. A major
component of this evaluation is the possible use of the phytochemicals, or their
derivatives, as therapeutic agents.

Although several avenues of research have presented themselves, the most
promising has been the use of the triterpenoid betulin [lup-20(29)-ene-c,28-diol(T)].
Betulin is known to be present in a variety of plants, and it has been reported to be in high
concentration in the bark of Betulla species such as white (“paper”) birch. This tree
species is used by several regional industries as a source of cellulose for paper
production, or as wood products, and approximately 70 tons/day of bark is burned as fuel
at a single facility.

A highly efficient and proprietory method for manufacturing betulin from the
outer bark of the birch was developed (15-20% by weight). Anti-viral properties of
betulin have captured our attention. In vitro testing of betulin in several anumal and
human cell lines indicated that betulin provided significant protection against pathogenic
herpes viruses (HSVI, HSVII, varicella zoster virus, Epstein-Barr virus and hepatitis B
virus).

According to the proposal the tactic of preparation of hydrophilic Carrier Prodrugs
was chosen. The synthesis of different classes of betulin and allobetulin derivatives was
planned ( phosphate esters, carboxilic acid esters, amino acid esters, glycosides ).

In vitro screening of these newly synthesised prodrugs will continue against HSV-1,
HSV-2 and VSV using Vero, human foreskin fibroplast (HFF) and Hep-2 cell line using
cytopathic inhibition and plague cell reduction as biological endpoints.



Summary of progress: The proposed research is being conducted at three sites: Natural
Resource Research Institute (Dr. Pavel A Krasutsky, Research Specialists Igor
Kolomitsyn, Oksana Kolomitsyn and PR Asst Scientist Vitaliy Nesterenko ); UMD,
Chemistry (Prof. Robert Carlson, Grad. Student Woo Haifeng) and UMD, biology (Prof.
Raj Karim, Dr. Amjad Machammad).

List of betulin and allobetulin derivatives, which were sythesized for biological tests

Betulin 28-acetate.

Betulin 3, 28-ditrifluoroacetate.
Lupeol acetate.

Allebetulin.

Allobetulin 3-acetate.

Betulone.

Allobetulone.

Lupenone.

Betulonic aldehyde.

10. Betulinic aldehyde.

11. 3-O-acetyl Betulinic aldehyde.

12. Betulinic acid.

13. 3-O-acetyl Betulinic acid.

14. Betulonic acid.

15. Betulinic acid methyl ester.

16. Betulonic acid methyl ester.

17. Allobetulon-1-ene-2-ol.

18. Betulon-1-ene-2-ol.

19. Lupenon-1-ene-2-ol.

20. Allobetulin trifluoroacetate.

21. Allobetulin-28-one.

22. Allobetulin-28-one 3-trifluoroacetate.
23. Allobetulin-28-one 3-acetate.

24. Allobetul-3, 28-dione.

25. Betulin dimesytate.

26. Allobetulin tosylate.

27. 3-bromoallobetulin.

28. Allobetulin phosphodicloride.

29. Allobetulin phosphodiascorbate.

30. Betulin 28-tosylate.

31. Betulin 3,28-ditosylate.

32. Betulin 3-acetate-28-trifluoroacetate.
33. Allobetulone cyanohydrin.

34. 28-0O-acetylbetulone cyanohydrin.
35. Betulonic aldehyde dicyanohydrin.
40. Betulin 3, 28-di(trifluoroacetamidglycinate).
41. Betulin 28-trifluoroacetamidglycinate.
42. Betulin 3, 28-diacetylsalicilate.

. . . .
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43. Betulin 3, 28-di(2-oxiethylenoxioxalate).

44, Betulin 3-acetate-28-mesylate.

45, 3, 28-di(methylthiomethylene)betulin.

46. 28-methylthiomethylenebetulin 3-acetate.

47. 3-methylthiomethyleneallobetulin.

48. 28-methylthiomethelenebetul-3-one.

49. Betulin 28-succinate.

50. Betulin 3, 28-disuccinate.

51. Betulin 28-maleiate.

52. Betulin 3, 28-dimaleiate.

53. Betulin 3, 28-diglutarate.

54. Betulin 3, 28-diphthalate.

55. Betulin 3, 28-didiglicolate.

56. Betulin 3-succinate.

57. Allobetulin 3-succinate.

58. Allobetulin 3-phthalate.

59. Betulin 3,28-bis(ditriethylene glycol phosphate).

60. Betulin 3,28-di(bisdiethylene glycol phosphate).

61. Betulin 3,28-bis(ditetraethylene glycol phosphate).

62. Betulin 3,28-bis(dipolyethylene glycol phosphate), F.W.=2130
63. Betulin 3-acetate 28-di(tetraethylene glycol)phosphate.
64. Betulin 3-acetate 28-bis(diethylene glycol)phosphate.
65. Betulin 3-acetate 28-di(triethylene glycol)phosphate.
66. Betulin 3-acetate 28-di(polyethylene glycol)phosphate, F.W.=1328
67. Allobetulin 3-bis(diethylene glycol) phosphate.

68. Allobetulin 3-di(triethylene glycol)phosphate.

69. Allobetulin 3-di(tetraethylene glycol)phosphate.

70. Allobetulin 3-succinate diethylene glycol ester.

71. Allobetulin 3-succinate triethylene glycol ester.

72. Allobetulin 3-succinate tetraethylene glycol ester.

73. Betulin 28-succinate triethylene glycol ester.

74. Betulin 28-succinate tetraethylene glycol ester.

75. Betulin 28-succinate diethylene glycol ester.

76. Betulin 3,28-disuccinate (bisdiethylene glycol) ester.
77. Betulin 3,28-disuccinate (ditriethylene glycol) ester.
78. Betulin 3,28-disuccinate (ditetraethylene glycol) ester.
79. Betulin 3,28-disuccinate (dipolyethylene glycol) ester, F.W.=1406

The structure of all newly synthesised compounds was approved by NMR-, FTIR- and
GC/MS- spectra, as well as by elemental analysis.

The results of biological test are described in the following chapter.



ANTIVIRAL ACTIVITIES OF BETULIN, ALLOBETULIN AND
DERIVATIVES AGAINST HERPES VIRUSES

SUMMARY

White birch bark isolated compound betulin and its derivatives were tested for antiviral activity
against Herpes Simplex Virus Typc 1 & 2 (HSV-1 & HSV-2), Human Cytomcgalovirus
(HCMV), Mouse Cytomegalovirus (MCMYV), Varicella-Zoster Virus (VZV) and Epstein-Barr
Virus (EBV). The Cytopathic effect (CPE) inhibition assay showed that betulin and allobetulin
have slight anti HSV-1 (E 377) activity in human foreskin fibroblast (HFF) cells, while betulin
was found to have moderate activity against HSV-1 (strain F) in HEp-2 cell line. Moreover, the
CPE inhibition assay showed that betulin and allobetulin gave significant protection against HSV-
2 strain G and MS in HEp-2 and HFF cell lines respectively. The ECs, against HSV-1 (E377)
determined by CPE inhibition assay in human foreskin fibroblast cells were found to be 250
ng/ml, 300 ng/ml and 1600 ng/ml for betulin, allobetulin and acycloguanosine (Acyclovir®)
respectively. The ECs, against HSV-2 were found to be 125 ng/ml, 225 ng/ml and 6000 ng/ml
for betulin, allobetulin and acycloguanosine (Acyclovir®) respectively. The Splaquc reduction
assay in HSV-2 (strain G) infected HEp-2 cells showed 16, 17 and 30 pfu/10° cells for betulin
(125 mg/ml), allobetulin (150 ng/ml) and Acyclovir® (12500 ng/ml) treated cells respectively as
compared to 47 pfu/10° in HSV-2 infected control cells. The cytotoxicity assay performed in
human foreskin fibroblast cell line showed that betulin and allobetulin were more toxic as
compared to Acyclovir® at the effective dose concentration. The CCs, for betulin and allobetulin
in HFF were found to be 250 nig/ml and 300 ng/ml respectively as compared to >12500 ng/mi for
Acyclovir®. Betulin and allobetulin were found to have no cytotoxic effect at effective dose
concentration in HEp-2, Vero and rabbit kidney cells. Betulin and derivatives tested against other
herpes viruses e.g, HCMV, MCMV VZV and EBV showed that betulin diphosphate have
significant activity against EBV in Daudi cells. The CCs, and ECs, were found to be 0.39 ng/ml
and >50 ng/ml with the selectivity index (SI) of >128. Among the derivatives tested against
HSV-1 and HSV-2, it was found that most of the derivatives have antiviral activity against both
strains of HSV-2 in HFF and HEp-2 cell lines, but the effectivity and selectivity range is narrow.
The in vivo results in rats showed that when 2% betulin ointment was used topically for three
days, starting 18 hours after infection, the typical signs of infection disappeared from 4-8 day
after virus infection. However, topical application of Acyclovir® under the same conditions, did
show the same reduction of infection compared to the placebo treated and infected control group.
Our results indicated that treatment with 2% betulin ointment in HSV-1 (E377) infection in rats
was found to have the same effect as that of 5% Acyclovir® ointment treatment. Topical
application of 2% betulin ointment was found to have more effect against HSV-2 (MS) than
against HSV-1 (E377) infection. The typical HSV lesions reduced significantly in HSV-2 (MS)
infected 2% betulin and 5% Acyclovir® ointment treated animals as compared to placebo and
untreated control animals, but overall there was no significant difference among the two groups.
Allobetulin ointment treatment was found to have less effect than both betulin and Acyclovir®
treatment in both HSV-1 and HSV-2 infected rats. In the guinea pigs no significant effect of 2%
betulin and allobetulin was observed against HSV-1 (E 377) cutaneous infection. However,
significant effect of 2% Betulin ointment treatment was observed against HSV-2 (MS) infection
in the guinea pigs vaginal infection. The typical sign and symptoms of the disease disappeared
after 6 days of virus infection by treatment with 2% betulin ointment twice daily for 3 days.



INTRODUCTION

Herpes Simplex Virus (HSV) is the causative agent of a variety of diseases in humans,
ranging from localized vesicular and ulcerative lesions of perioral or genital regions to
more severe often fatal infection including disseminated herpes in neonates or acute
encephalitis in adults — a life threatening disease. Much effort has been expended in the
search for effective antiviral compounds for infections with herpes simplex virus. Several
antiviral agents have been shown promise in the management of HSV infections in
animals and humans. The agents that have been investigated for the treatment of the
various herpes virus infections include idoxuridine (iododeoxyuridine), trifluoride
(trifluorothymidine), vidarabine (adenine arabinoside, ara-A), brivudin (bromovinyl
deoxyuridine), fluoroido ara cytosine, foscarnet, 256U87, 882C87, BvaralU, HPMPC,
Acyclovir (acycloguanosine) and other nucleoside analouges (1-3). Over the past decade,
Acyclovir has become established as standard therapy for the management of herpes
simplex virus (HSV) infection, but there are areas where improvement is desirable (4,5).
Treatment of recurrent and persistent infection in graft recipients, cancer patients, and
AIDS patients with Acyclovir has resulted in both clinical benefit and emergence of drug
resistant variants (5-7) including side effects like dizziness, headache, diarrhea, nausea,
vomiting (4,5). In the past few years new nucleoside analogs and prodrugs like
Ganciclovir, Penciclovir, its prodrug Famciclovir and Valaciclovir and have been
synthesized, having less side effects (8,9). In addition, although topical application may
be beneficial, no improvement in the systemic symptoms of genital herpes simplex was
reported with oral Acyclovir treatment (10). Thus, there is still scope for finding other
means to treat HSV infection. HSV type 1 and 2 have the ability to enter a latent phase in
which it is able to evade immune surveillance, and from which state it is able to escape
from time to time to cause disease, especially in immunocompromised individuals. This
characteristic makes antiviral chemotherapy an indispensable weapon in the management
of recurrent herpes virus infection.

The major goal of the search for new antiviral drugs is the development of
antiherpesvirus agents that have resistance and toxicity profile that are superior to those
of the currently available drugs. The search for antiviral compounds falls into two
patterns: first, random screening of large numbers of naturally occurring compounds,
usually of plant or fungal origin; second, use of molecular knowledge of a particular
antiviral target to design specific inhibitors, e.g., short peptides to inhibit essential
protein-protein interactions (11, 12), or antisense RNAs to inhibit virus gene expression
selectively (13-15). It has been proved that many plants exhibit antiviral activity (16-19).
There is increasing need for antiviral substances form plant origin, to overcome toxicity
and the emergence of new mutated or resistant strains by conventional antiviral agents.

The results presented here shows the in vitro and in vivo effectiveness of birch bark
isolated triterpenoid compound, betulin and derivatives against different HSV-1 and
HSV-2 strains in primary human foreskin fibroblast and HEp-2 cell lines and in the
treatment of experimentally induced herpes simplex infection in the guinea pigs and rats.

MATERIALS AND METHODS



SCREENING OF ANTIVIRAL ACTIVITY OF BETULIN AND DERIVATIVES
AGAINST HSV-1, HSV-2, HCMV, MCMV AND VZV:

Test Compounds: Betulin, a pentacyclic triterpenoid, isolated from the bark of birch tree
and its derivatives were used for the antiviral activity against Herpes Simplex Virus Type
1 (HSV-1), Herpes Simplex Virus Type 2 (HSV-2), Human Cytomegalovirus (HCMV),
Mouse Cytomegalovirus (MCMYV), Varicella-Zoster Virus (VZV) and Epstein-Barr
Virus (EBV). Other compounds synthesized in our laboratory were also tested for their
antiviral activity against these viruses. Stock solution of the compounds for antiviral
assay were prepared in distilled water, filtered through 0.2 pm filter (Acrodisc®, Gelman
sciences, USA) and stored at room temperature until used. For comparative study, stock
solutions of Acyclovir® (Sigma, USA) containing 250 ng/ml and 12500 mg/ml of
acycloguanosine were also prepared in distilled water, filtered through 0.2 um filter
(Acrodisc®, Gelman sciences, USA) and stored at 4°C until use.

Cells: Human laryngeal epidermoid carcinoma cells (HEp-2) (ATCC, Rockville, MD),
was used for testing of antiviral compounds by cytopathic effect (CPE) inhibition and
plaque reduction assay. Primary human foreskin fibroblast cells (HFF) obtained from Dr.
E. R Kern were used for CPE inhibition assay. HEp-2, African green monkey kidney
cells (Vero) (ATCC, Rockville, MD), HFF and primary rabbit kidney cells were used to
determine the cytotoxic effect of betulin and derivatives. These cells were propagated in
Dulbeco’s modified Eagle’s medium (DMEM) (Sigma, USA) supplemented with 10%
inactivated fetal calf serum (FCS) and 1% penicillin/streptomycin at 37°C in the presence
of 5% COz.

Virus Strains: The antiviral activity of the test compounds were determined against
HSV-1 strain F, HSV-2 strain G (ATCC, Rockville, MD), HSV-1 strain E-377 and HSV-
2 strain MS (Dr. E. R Kern), CMV strain AD 169 (NIH), HCMV (NIH), MCMV (NIH)
and VZV strain Ellen (NIH). Highly infective virus stocks were prepared by infecting a
confluent monolayer of HEp-2 (ATCC, Rockville, MD) or primary human foreskin
fibroblast cells in 150 cm® tissue culture flasks (Falcon, USA) at a multiplicity of
infection of 0.5 in DMEM supplemented with 10% inactivated fetal calf serum and 1%
penicillin/streptomycin. The flasks were incubated at 37°C in the presence of 5% CO, for
36 hours. The infected cells were disrupted through three cycles of freezing and thawing,
and viruses were clarified from large cell debris by centrifugation at 3000 rpm for 10
minutes. The virus suspension was separated, aliquoted and stored at -80°C until used for
antiviral assay or for animal infection.

Antiviral Assays: Cytopathic Effect (CPE) Inhibition Assay: Low passage human
foreskin fibroblast cells were seeded into 96 well tissue culture plates 24h prior to use at a
cell concentration of 2.5x10* cells/ml in 0.2 mL of DMEM supplemented with 10% fetal
calf serum. After 24 hours of incubation at 37°C in the presence of 5% CO,, medium was
removed and the test compounds were diluted two folds in DMEM in the 96 well tissue
culture plate containing monolayer. After dilution of test compounds and Acyclovir®
(acycloguanosine) in the respective wells, 100 pl of the appropriate virus dilution was



added to each well, excluding cell control, which received 100 pl of DMEM. For HSV-1
and HSV-2 assays 1000 pfu/ml and for HCMV, MCMV and VZV assay 2500 pfu/ml
were used. The plates were then incubated at 37°C in the presence of 5% CO; for two to
three days for HSV-1 and HSV-2, 10 days for VZV, and 14 days for HCMV and MCMV.
The virus induced cytopathic effect (CPE) was monitored microscopically every day.
CPE of HSV-1 was recognized by cell rounding and clumping, while HSV-2 formed
large synsetia along with rounding and clumping of cells. Antiviral activity is expressed
as the 50% effective concentration (ECso) i.e., the amount of test compound required to
reduce viral CPE by 50%. ECsos were estimated from graphical plots of percent CPE
against the amount (dose) of the test compounds. The ECsos for each compound are the
mean of ECses for three or more independent experiments. After 3 days of incubation
period, media was aspirated and the cells stained with a 0.1% crystal violet solution for
30 minutes. The stain was then removed and the plates were rinsed with tap water, air
dried and kept for record.

Antiviral Assays: Plaque Reduction Assay: HEp-2 cells were grown to monolayer in
24 well tissue culture plate in DMEM containing 10% FCS at 37°C for 24-36 hours in the
presence of 5% CO,. Monolayer of HEp-2 cells were infected with 0.1 ml of HSV-1
(strain F) or HSV-2 (strain G) containing 100 pfu. The viruses were allowed to be adsorb
for 1 hour at 37°C in the presence of 5% CO,. All wells containing virus infected cells
except virus control were overlaid with 0.9 ml of DMEM and 1.0 ml of test compounds
and acycloguanosine in the respective wells. The virus control and cell control received
DMEM only. All microtiter plates were incubated at 37°C in the presence of 5% CO; and
observed twice daily for 72 hours for viral CPE. At the end of experiment plates were
stained with 0.1% crystal violet and the results were quantified by counting plaque
forming units.

SCREENING AND CONFIRMATION ASSAYS FOR EBV:

Virus: There are two prototypes of infectious Epstein-Barr Virus (EBV). One is
exemplified by the virus derived from supernatant fluids of the P3HR-1 cell line. This
cell line produces nontransforming virus that causes the production of Early Antigen
(EA) after primary infection or superinfection of B cell lines. The other prototype is
exemplified by the B-95-8 virus. This virus immortalized cord blood lymphocytes and
induces tumors in marmosets. It does not, however, induce an abortive productive
infection even in cell lines harboring EBV genome copies. The virus used in our assay
was P3HR-1.

Cell Lines: Romas is an exceptional B cell line derived from Burkitt’s lymphoma tumor
but containing no detectable EBV genome copies and is Epstein-Barr nuclear antigen
complex (EBNA) negative. Romas/AW was obtained by in vitro infection of Romas with
the P3HR-1 virus and contain one resident EBV genome copy/cell. Raji is a Burkitt’s
lymphoma cell line containing 60 EBV genome/cell, and was the primary cell used for
screening antiviral activity against EBV early antigen (EA) expression. Daudi is a low
level producer that contain 152 EBV genome copies/cell. It spontaneously expresses
EBV EA in 0.25-0.5% of the cells. It was used in follow up studies to confirm activity.



These cell lines respond to superinfection by EBV by expressing EA-diffuse component
EA (D), EA restricted component EA (R), and viral capsid antigen (VCA). All cell lines
were maintained in RPMI-1640 medium supplemented with 10% FCS, L-glutamine and
100 pg/ml gentamicin. The cultures were fed twice weekly and the cell concentration was
adjusted to 3x10°/ml. The cells were kept at 37°C in humidified atmosphere with 5%
CO..

Immunofluorescent Assay with Monoclonal Antibodies: Cells were infected with the
P3HR-1 strain of HBV and the drugs to be tested were added after adsorption (45
minutes at 37°C) and washing of the cell cultures. The cultures were incubated for two
days in complete medium to allow viral gene expression. Following the 48 hours of
incubation, the numbers of cells of each sample was counted and smears were made.
Monoclonal antibodies to the different EA components and VCA were then added to the
cells and then incubated and washed. This is followed by a fluorescein conjugated rabbit
anti-mouse IgG antibody, and the number of fluorescence cells in the smear were
counted. The total number of cells in the cultures positive for EA or VCA were then
calculated and compared.

CELL PROLIFERATION ASSAY (CYTOTOXICITY):

HFF, Vero and HEp-2 cells were seeded in 24-well tissue culture plates at a
concentration of 2.5x10° cells per well in DMEM containing 10% FCS and incubated for
24 hours at 37°C in the presence of 5% CO,. To the monolayer of these cells 0.5, 1.0, 1.5
and 2.0 ml of solution of antiviral compounds were added in the respective wells in
duplicate and the cells were then incubated in a 5% CO; incubator at 37°C for 72 hours.
The cells were observed daily for any change in morphology. The rounding and lysis of
cells were observed if the compound have cytotoxic effect. At the end of this time, the
media-drug solution was removed and the cells washed. One ml of 0.25% trypsin was
added to each well and incubated until the cells start to come off of the plate. The cells-
media mixture was then pipetted up and down several times to resuspend the cells and 0.2
mL of the cell suspension was added to 9.8 ml of trypan blue and cells were counted
using hemocytometer. Each sample was counted three times with three replicate wells per
sample.

EFFECT OF BETULIN AND ALLOBETULIN TREATMENT ON THE
CUTANEOUS HSV-1 AND HSV-2 INFECTION IN RATS AND CUTANEOUS
HSV-1 AND VAGINAL HSV-2 INFECTION IN THE GUINEA PIGS:

Experimental Animals for in vive Assay: Female Sprague Dawley Rats, 60 days old
approximately 175 to 199 grams each, were obtained from Harlan Inc., Indianapolis, IN.
Female Hartley outbreed guinea pigs 26 days old and weighing approximately 350 to 400
grams each was obtained from Charles River Breeding Labs, Wilmington, MA. The
animals were housed singly and given feed and water ad /ib.
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Betulin, Allobetulin and Acyclovir® preparation: 2% Betulin and allobetulin ointment
were prepared aseptically in polyethylene glycol (PEG) as ointment base and stored at
room temperature until used. Acyclovir® (Zovirax® Ointment, Glaxo Wellcome Inc.,
Research Triangle Park, NC) containing 5% acycloguanosine in PEG was purchased for
this study.

Virus Inoculation Procedure: Cutaneous Herpes in Rats and Guinea Pigs: Rats or
guinea pigs were anesthetized with isoflurane (Rhone-Poulenc, Bristol, UK) liquid
inhalation. Hairs from both flanks were removed with an electric hair clipper. The
remaining hairs were removed by applying a chemical depilatory lotion (Nair® Hair
Removing Lotion). The exposed area of the skin was then washed twice with lukewarm
water and dried. Afier four hours, the animals were infected by placing one drop of
virus suspension containing 1x10* pfu at three different sites on each of the left and right
flank, and was then slightly scarified with Greer Derma Pick® Skin Testing System (Greer
labs., Lenoir, NC). All of the inoculation sites were activated eight times for entry of
virus particles into the dermal layer. HSV-1 (E377) and HSV-2 (MS Strain) virus
suspensions containing 8.5x10” and 1.1x107 pfu/ml respectively, were used.

Treatment Procedure: Cutaneous Herpes in Rats and Guinea Pigs: The treatment of
infected rats or guinea pigs started beginning 18 hours after virus infection and continued
for 3 days. The right flanks of infected rats from different trial groups were treated twice
daily with 2% betulin, 2% allobetulin and 5% acycloguanosine (Zovirax®, Acyclovir®,
Glaxo Wellcome Inc.,, Research Triangle Park, NC) according to the experimental
protocol. Ointment preparations were applied by a sterile wooden stick applicator. The
left flanks of the same animals were placebo treated with ointment base. Besides test
groups, each experiment included HSV-1 (E377) and HSV-2 (MS strain) infected and
uninfected scarified placebo controls. The animals were observed daily for severity of
infection for 10 days. Variables assessed were erythema around the site of infection,
pustule formation, size, number and whether confluent, induration and scab formation on
a0, +1, +2, +3, +4 scale with increment of 0.5 as described by Kern et. al., 1978 (20).
Photographs of the animals were taken before scarification, after scarification and
infection, during treatment, and at the end of treatment. Virus specimens were taken from
the infected sites by using Dacron Swabs (Hardwood products Co., Guilford, Maine) in
1.0 mL DMEM tissue culture medium (Sigma, USA)) after infection, during treatment
and 3 days later. The swabs were stored at —80°C until analyzed by CPE in HFF cells.
The animals were kept for 20 days before euthanization, and observed daily for the
recurrence of infection.

Virus Inoculation Procedure: Genital Herpes infection in Guinea Pigs: Female
guinea pigs weighing 200g was inoculated intravaginally with HSV-2 (MS strain). One
hour before viral inoculation the animals was swabbed using Dacron- polyester tipped
applicator moistened in sterile saline to remove vaginal secretions. The animals was then
infected with one drop of HSV-2 suspension containing 1x10* pfu, and the surface of the
vaginal mucosa was slightly scarified with a sterile Greer Derma Pick® Skin Testing
System (Greer labs., Lenoir, NC).
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Treatment Procedure: Vaginal Herpes in Guinea Pigs: The treatment of infected
guinea pigs was started 18 hours after infection and continued twice daily for 3 days. The
2% betulin and allobetulin ointment preparation was applied by sterile cotton swab. Each
experiment included uninfected control, infected and placebo controls. The animals was
observed daily for the infection, if any for 10 days. Photographs of the vaginal area was
taken before infection, after infection, during treatment, 5 and 7 days after treatment.
Virus specimens was taken from the infected sites by using Dacron Swabs (Hardwood
products C., Guilford, Maine) in 1.0 ml DMEM tissue culture medium (Sigma) after
infection, during treatment and 3 days later. The swabs was stored at —80C° until
analyzed. The virus content of the specimens was measured by plaque assay in HEp-2
cells and the mean virus titer was calculated. The animals was kept for 20 days before
euthanization, and observed daily for the recurrent of infection. The variable assessed
was, typical HSV vesicle formation, size, number and whether confluent, induration at
the site of infection and scab formation (18).
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RESULTS

In an attempt to identify new compounds with antiherpes activity we tested the in vitro
activity of white birch bark isolated compound betulin and its derivatives including
allobetulin against Herpes Simplex Virus Type 1 and 2 (HSV-1 and HSV-2) in primary
human foreskin (HFF) and HEp-2 cell lines by cytopathic effect (CPE) inhibition and
plaque reduction assay. The efficacy of betulin and allobetulin were also determined in
vivo in the treatment of cutaneous herpes virus infection in the guinea pigs and rats and in
the treatment of vaginal HSV-2 infection in guinea pigs. Furthermore few compounds
were also tested against Human Cytomegalovirus (HCMV), Mouse Cytomegalovirus
(MCMYV) Varicella-Zoster Virus (VZV) and Epstein-Barr Virus (EBV) by NIH.

Antiviral Effect of Betulin and its derivatives against HSV-1: Betulin and its
derivatives were tested for antiviral activity against Herpes Simplex Virus Type 1 strain
E377 (NIH) and strain F (ATCC) by CPE inhibition method in HFF cells and by CPE
inhibition and plaque reduction method in HEp-2 cells lines respectively. The compounds
varied considerably in potency and selectivity. The qualitative CPE inhibition assay
(Table 1a and 2a) showed that betulin and allobetulin have slight anti HSV-1 activity in
HEp-2 cells and no activity in HFF cells. The ECses and the corresponding selectivity
indices of the test compounds, determined by CPE inhibition in HFF are presented in
Table 1b. The ECs, for betulin and allobetluin were found to be in the range of 250 ng/ml
and 300 ng/ml as compared to 1600 ng/ml for Acyclovir®. In the plaque reduction assay
in HEp-2 cells no plaque was observed in 125 ng/ml of betulin and 12500 mg/ml of
Acyclovir® treated cells as compared to 5 pfu in HSV-1 infected control cells (Table 2b,
previous report). Among the derivatives of betulin tested against HSV-1 (E 377 and F
strain) in HFF and HEp-2 cells, allobetulin 3-phosphate and allobetulin lactone showed
significant activity against HSV-1 (E377) in HFF cells and betulin diphosphate and
betulin arabinose galactan in HEp-2 cell line.

Antiviral Effect of Betulin and its derivatives against HSV-2: HSV-2 strain MS (NIH)
and G (ATCC) were evaluated for their susceptibility to betulin, allobetulin and other
derivatives in primary human foreskin fibroblast (HFF) and HEp-2 cells respectively. As
noted for the HSV-1 the qualitative CPE inhibition assay (Table 1a and 2a) showed that
betulin and allobetulin have significant antiviral activity against both strains of HSV-2 in
HFF and HEp-2 cells. The ECsos and the comresponding selectivity indices of the test
compounds, determined by CPE inhibition in HFF are presented in Table 1b. The ECs
for betulin and allobetluin were found to be in the range of 125 ng/ml and 225 ng/ml
respectively as compared to 6000 ng/ml for Acyclovir®. The plaque reduction assay in
HEp-2 cells showed that the number of plaques in 125 ng/ml of betulin, 150 ng/ml of
allobetulin and 12500 ng/ml of Ac;;clovix"> treated cells were found to be 16 pfu/10°
cells, 17 pfu/10° cells and 30 pfu/10° cells respectively as compared to 47 pfu/10° cells in
HSV-2 infected control cells (Table 2b). Among the derivatives of betulin tested against
HSV-2 (MS and G strain), it was found that most of the compounds have significant anti
HSV-2 activity against both strains of viruses in HFF and HEp-2 cells.
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Antiviral Effect of Betulin and its derivatives on HCMV, MCMV, VZV and EBV (NIH):
Betulin and derivatives tested against other herpesviruses showed that betulin
succinate tested in human foreskin fibroblast cells by CPE inhibition method have
some activity against human cytomegalovirus (HCMYV). The ECs; and CCsy were
found to be 3.9 ng/ml and 96.9 ng/ml respectively, with selectivity index of 24.8.
Betulin diphosphate was found to have significant antiviral activity against Epstein-
Barr virus (EBV) tested in Daudi cells. The ECsp and CCsy was found to be 0.39
ng/ml and >50 ng/ml respectively with the selectivity index of >128. While the ECs,
and CCsp for Acyclovir® is 1400 ng/ml and >100,00 ng/ml with the selectivity index
of >71.4 (Table 3).

Cytotoxicity Assay: The cytotoxicity assay performed in human foreskin fibroblast cell
line showed that betulin and allobetulin were more toxic as compared to Acylclovir® at
the effective dose concentration (Table 1a and 1b). The CCsq for betulin, allobetulin and
derivatives were found to be 250 ng/ml and 300 ng/ml as compared to >12500ng/ml for
Acyclovire. The cytotoxicity (CCso) for the derivatives of betulin and allobetulin were
found to be almost same as that of parent compounds in HFF cell line. Betulin,
allobetulin and derivatives showed less cytotoxicity in HEp-2 cells (Table 2a). Less
cytotoxicity was also observed in Vero and Rabbit Kidney cell lines. In Vero cell line
CCso for betulin and allobetulin were found to be 125 ng/ml and 300 ng/ml respectively
(Table 4).

Antiviral Effect of Betulin and Allobetulin on the Cutaneous HSV-1 and HSV-2
Infection in the Rats: The majority of the rats developed swelling and erythema of the
skin by the second day of virus inoculation, and started to show vesicular lesions on their
skin from the second to third day of infection. Topical application of 2% betulin ointment
twice daily for 3 days diminished the signs of the infectious process in HSV-1 (E37 12
infected animals, as the number of typical HSV lesions decreased rapidly by the 4™ to 8
day (Photograph 1-3 and Fig 1), but the overall results were not significantly different
from that of the 5% Acyclovir® ointment treated group which also showed the same
healing response (Photograph 1-3). In the HSV-1 infected placebo treated and untreated
control rats the lesions persisted for seven to ten days, while in scarified uninfected
control group there were no sign of scarification at the end of day 4 of scarification. In
almost all of the treated and untreated control animals the clinical signs disappeared after
12-15 days of virus inoculation. Topical application of 2% betulin ointment was found to
have a more effect against HSV-2 (MS) infection than against HSV-1 (E377) infections
(Fig 2). The HSV lesions reduced significantly in HSV-2 (MS) infected 2% betulin and
5% Acyclovir® ointment treated animals as compared to placebo and untreated infected
control animals (Photograph 4-9 and Fig 2). No significant effect of 2% allobetulin
ointment treatment was observed. The viral content in the lesions of infected animals
increased greatly from day 2 through day 8, as did clinical disease and at day 10 after
inoculation the viral content markedly decreased. Topical treatment with 2% betulin and
5% Acyclovir® notably decreased the viral concentration on the skin lesions by the 6 to 8
days respectively as compared to 10™ day in placebo and untreated control rats (Fig 1 and
2).
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Antiviral Effect of Betulin and Allobetulin on the Cutaneous HSV-1 Infection in
Guinea Pigs: As noted earlier for HSV-1 infection in rats, most of the infected guinea
pigs showed typical HSV vesicular lesions on their skin from 3 to 4 days of virus
inoculation. None of these guinea pigs died of HSV infection, and clinical signs had
disappeared from 12 to 15 days after inoculation. Topical application of 2% betulin and
5% Acyclovir ointment twice daily for 3 days diminished the development of the clinical
infectious process, but the overall results indicated that there was no significant
difference among the betulin and Acyclovir® treated group (Fig 3). Topical application of
5% Acyclovir® ointment completely inhibited the vesicular formation by the day 8 of
inoculation and virus titer decreased from the day 4 of inoculation, while similar response
was observed in betulin treated animals. No significant effect of 2% allobetulin ointment
treatment was observed and it has less effect as compared 2% betulin and 5% Acyclovir®
ointment treatment (Photographs 10-25).

Antiviral Effect of Betulin and Allobetulin on the Vaginal HSV-2 (MS) Infection in
Guinea Pigs: Significant effect of 2% betulin ointment treatment as observed on the
treatment of vaginal HSV-2 (MS) infection in the guinea pigs (Fig 4). Typical lesions and
virus content in the infected vaginal area decreased significantly by the 6 to 8 days of 2%
betulin ointment treatment twice daily for 3 days continuing 18 hours after infection.
Acyclovir ointment treatment was also found to have same effect, however no significant
effect of 2% allobetulin ointment treatment was observed (Photographs 26-29).



TABLE: 1a

Effect of Betulin and its Derivatives against HSV-1 and HSV-2 Viruses in Human Foreskin Fibroblast Cells

Qualitative Cytopathic Effect

Qualitative (CPE) at 2.0 ml Dose of the Test
Conc.* Cytotoxic Antiviral Compound
Compound (ng/ml) Effect at HSV-1 HSV-2
2.0 ml dose E377 MS
TEST COMPOUNDS:
Betulin 125 . ++ +
Betulin diphosphate 8600 ~ o ++
Betulin oxalate 125 = 4+ ot
Betulin dioxalate 125 « 1 -
Betulin arabinose galactan 3300 = 4+ 4
Betulin succinate 40 ¥ ot ot
Betulin diglycine ester 125 + ek &
Betulin dialanine ester 125 s ++ e
Betulin 28-maleate 125 - s +fe
Betulin 3, 28-dimaleate 125 - o +
Betulin 3, 28-disuccinate 125 . oy +
Betulin 3, 28-diphthalate 125 » 4+ 431
Betulin 3, 28-glutarate 125 4 i ;
Betulin 3, 28-diglutarate 125 . +++ 44
Betulin bisdiglycolate 125 = ¥ 4+
Betulon-1, 2-ene-2-ol 600 = 4+ ++
Betulin diphenyl alanine 125 - et LY
Betulin di (2-proline) ester 125 - St 4+
Betulin 28-thalate 125 - e T
Betulin Di (L-glutamic acid benzyl ester) ester 125 - +++ 4
Betulin 3, 28 di (3.3 -dimethyl-glutarate) 125 - - 4t
3, 28 (dipoly(ethylene glycal)bis (carboxymethyl) ester) 125 - -4 4t
betulin ester

Allobetulin 150 = 4+ 4
Allobetulin succinate 125 = TR FRE
Allobetulin ethanolamine 125 + F+ +
Allobetulin ethanolamine hydrochloride 125 -+ + ;
Allobetulin 3-phosphate 125 - B +
Allobetulin lactone 125 = gy +
Allobetulon 150 = 4+ L
Allobetulon-1,2-ene-2-ol 110 " 4+ e
Allobetulin 3-phthalate 125 s 4+ 5
Allobetulin 3-glycolate 125 x HIE +
Allobetulin 3-glutarate 125 - +++ 4t
Allobetulon lactone 1-ene-2-ol 125 = S -+
3-Allobetulon 1-cne-2-di glycolate 125 - 4+t ++
Hederine hydrate 500 % 4t 4
3B-Acetoxy-19aH-19,28 lactone-oleanan 125 + 4+ t
Lupeol 125 +fs -+ =
Lupenol glutarate 125 - b b
Uvaol 125 - bt =
C-30 alcobol 125 - ++ 4
Suberin 125 - +t e
Sodium salt of suberin 125 - et o
Allobetulin 28-glutarate 125 - R it
3- (poly (ethylene glvcol) Bis (carboxy methyl) ester 125 - 4+ et

allobetulin ester
STANDARD:
Acyelovir® 250 Z -+ o

’ 12500 . + +
CONTROLS:
HSV-1 Virus Control 4+
HSV-2 Virus Control At
Cell Control - -

* Most of the com ds have low solubility in water, approximately same as that of betulin (125 njg/ml
poun ) ppr h 2/




Cytopathic Effect (Qualitative): Rounding, clumping of cells and syncytia formation as result of virus infection

+++ = Complete cytopathic effect (100%) = No protection against virus infection as a result of test compound treatment

++ = Moderate cytopathic effect (75%) =Minimum protection against virus infection as a result of test compound treatment
+ = Minimum cytopathic effect (50%) = Moderate protection against virus infection as a result of test compound treatment
+/- = Least cytopathic effect (25%) = Maximum protection against virus infection as a result of test compound treatment
- =No cytopathic effect (0%) = Complete protection against virus infection as a result of test compound treatment

Chytotoxicity (Qualitative): Rounding and lysis of cells
+++ = Complete Cytotoxicity (75-100%)

++ = Moderate Cytotoxicity (50%)

+ = Minimum Cytotoxicity (25%)

- =No Cytotoxicity (0%)
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TABLE: 1b

Effect of Betulin and its Derivatives against HSV-1 and HSV-2 Viruses in Human Foreskin Fibroblast Cells

17

ECso
Compound Conc.* CCs (mg/ml)
(ng/ml) (ng/ml)
HSV-1 HSV-2
E377 Ms

TEST COMPOUNDS:
Betulin 125 250 250 125
Betulin diphosphate 8600 >17200 >17200 217200
Betulin oxalate 125 >250 >250 >250
Betulin dioxalate 125 >250 >250 =250
Betulin arabinose galactan 3300 >3300 >3300 >3300
Betulin succinate 125 >125 =125 >125
Betulin diglveine ester 125 200 >250 200
Betulin dialanine ester 125 200 =250 250
Betulin 28-malcate 125 >250 >250 250
Betulin 3, 28-dimaleate 125 =250 =250 125
Betulin 3, 28-disuccinate 125 >250 >250 125
Betulin 3. 28-diphthalate 125 >250 >250 >250
Betulin 3, 28-glutarate 125 >250 >250 =250
Betulin 3, 28-diglutarate 125 >250 >250 >250
Betulin bisdiglycolate 125 >250 >250 >250
Betulon-1, 2-ene-2-ol 600 600 1200 900
Betulin di (2-proline) ester 125 =250 =250 >250
3. 28 (dipoly(ethylene glycol) bis 125 =250 >250 <250
(carboxymethy)ester) betulin ester

150 300 300 225
Allobetulin 125 >250 >250 >250
Allobetulin succinate 125 200 >250 =250
Allobetulin ethanolamine 125 125 125 125
Allobetulin ethanolamine hydrochloride 125 =125 >250 250
Allobetulin 3-phosphate 125 >125 >125 200
Allobetulin lactone 150 300 300 300
Allobetulon 110 220 220 165
Allobetulon-1,2-ene-2-0l 125 =250 =250 250
Allobetulin 3-phthalate 125 >250 >250 125
Allobetulin 3-glycolate 125 >250 >250 >250
Allobetulin 3-glutarate 125 >250 >250 >250
Allobetulon lactone 1-ene-2-ol 125 >250 >250 =250
Hederine hydrate 125 225 225 125
3B-Acetoxy-19al-19.28lactone-oleanan 125 200 >250 250
Lupeol 125 125 >250 >250
Uvaol 125 >250 =250 200
C-30 alcohol
STANDARD: 12500 >12500 1600 6000
Acycloguanosine (Acyclovir®™)
CONTROLS: No cytotoxity
Cell Control
(Human foreskin fibroblast cells)

*Most of the compounds have low solubility in water, approximately same as that of betulin (125 ng/ml)

ECso (50% antiviral effective concentration) is the concentration of the test antiviral compound solution required to reduce viral

plaques or CPE by 50%.

CCso (50% cell cytotoxic concentration) is the concentration of test antiviral compound required to reduce the growth of uninfected

cell by 50%.

Selectivity Index (SI): Ratio of Ceso for cell growth to ECso for viral CPE  ie., (CCso/ECsoratio).



TABLE: 2a
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Effect of Betulin and its Derivatives against HSV-1 and HSV-2 Viruses in HEp-2 Cells

Qualitative Cytopathic Effect

Qualitative (CPE) at 2.0 ml Dose of the Test
Conc.* Cytotoxic Effect Antiviral Compound
Compound (ng/ml) at HSV-1 HSV-2
2.0 ml Dose Strain F Strain G

TEST COMPOUNDS
Betulin 125 = + +
Betulin diphosphate 8600 + -
Betulin oxalate 125 e ++
Betulin dioxalate 125 4+ e
Betulin arabinose-galactan 3300 + e
Betulin succinate 125 - g
Betulin diglycine ester 125 + ++ +
Betulin 28-maleate 125 14 i
Betulin 3, 28-dimaleate 125 ++ +
Betulin 3, 28-disuccinate 125 + e +
Betulin 3, 28-diphthalate 125 ++ +
Betulin 3, 28-glutarate 125 ++ o
Betulin 3, 28-diglutarate 125 +4 it
Betulin bisdiglveolate 125 +4 +
Betuion-1. Z-ene-2-oi 125 e R
Betulin diphenyl alanine 125 e b
Betulin di (2-proline) ester 125 e 4+
Betulin 28-pthalate 125 e D
Betulin 3,28 di(3.3"-di methyl-glutarate) 125 +++ ++
3, 28 (dipoly(ethylene glycol)bis (carboxymethyi)ester) 125 ++t b
betulin ester
Allobetulin 150 ++ +
Allobetulin succinate 125 ++ +
Allobetulin ethanolamine 125 ++ ++
Allobetulin ethanolamine hydrochloride 125 44 + i
Allobetulin 3-phosphate 125 4 i
Allobetulin lactone 125 +++ ++
Allobetulon 125 ++ +4
Allobetulon-1. 2-ene-2-ol 125 ++ Ry
Allobetulin 3-phthalate 125 - ++ e
Allobetulin 3-glycolate 125 - ++4 +
Allobetulin 3, 28-diglycolate 125 - it R
Allobetulin 3-glutarate 125 ek e
Allobetulon lactone 1-ene-2-ol 125 e e
3-Allobetulon 1-ene-2-di glycolate 125 ++ ++
Ursoelic acid 900 ot L
Hederine hydrate 500 e
3f3-Acetoxy-19aH-19,2R lactone oleanan 125 - ++ FRs
Lupeol 48 - ++ 5
Lupenol glutarate 125 ++ Gt
Uvaol 38 ++ ot
C-30 alcohol 125 +++ +++
STANDARD:
Acycloguanosine (Acyclovir™) 250 4+ ++

12500 - #t +
CONTROL:
HSV-1 Control -+
HSV-2 Centrol -+
Cell Control e =

* Most of the compounds have low solubility in water, approximately same as that of betulin (125 ng/ml)




Cytopathic Effect (Qualitative): Rounding, clumping of cells and syncytia formation as result of virus infection

+++ = Complete cytopathic effect (100%) = No protection against virus infection as a result of test compound treatment

++ = Moderate cytopathic effect (75%) =Minimum protection against virus infection as a result of test compound treatment
+ = Minimum cytopathic effect (50%) =Moderate protection against virus infection as a result of test compound treatment
+/- = Least cytopathic effect (25%) = Maximum protection against virus infection as a result of test compound treatment

uon

- =No cytopathic effect (0%) =Complete protection against virus infection as a result of test compound treatment
Cytotoxicity (Qualitative): Rounding and lysis of cells

+++ = Complete Cytotoxicity (75-100)
++ = Moderate Cytotoxicity ( 50%)

+ = Minimum Cytotoxicity (25%)

- =No Cytotoxicity (0%)
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TABLE: 2b

Effect of Betulin and its Derivatives against HSV-1 and HSV-2 Viruses in HEp-2 Cells.

(Plaque Reduction Assay)

20

Compound Conc. Plaque Reduction Assay
(ng/ml) Av. pfu/10° Cells
*HSV-1 HSV-2
Strain F Strain G
TEST COMPOUNDS
Betulin 125 0 16
Betulin diphosphate 8600 0 14
Betulin arabinose-galactan 3300 32
Betulinic acid 70 .
Allobetulin 150 . 17
Uvaol 38 0 28
Ursolic acid 900 33
Hederine hydrate 500 38
Lupeol 48 35
C-30 alcohol ? 44
STANDARD:
Acycloguanosine (Acyclovir”) 250 42
12500 0 30

CONTROL:
HSV-1 Control 5 -
HSV-2 Control 47
Cell Control -

*Results from previous report

. = Plaque Reduction Assay nol performed
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TABLE 3 (NIH Report)

Effect of Betulin and its Derivatives against Human Cylomegalovirus, Mouse Cytomegalovirus,
Vericclia-Zoster and Epstein-Barr virus

CPE inhibition in stationary cells (visual)
in HCMV, MCMV. VZV and
Virus Test Compounds in DMSO VCA in EBV
ECso CCso SI
(ng/mb) (ng/ml)
Human Cytomegalovirus | Betulin 2:9 14.2 4.9
In HFF cells Betulin succinate 39 96.9 248
Betulin glycerol oxalate >100.0 >100.0 0.0
Uvaol >100.0 >100.0 0.0
Ursolic acid >100.0 >100.0 0.0
Hederine hydrate >4.0 10.0 <253
Ganciclovir” 100.0 >100000 | >1000
Betulin >20.0 80.0 <4.0
Mouse Cytomegalovirus | Betulin succinate >4.0 14.0 <35
In MEF cells Ganciclovir® 900 >100000 >111.1
Varicella-Zoster Virus Betulin >4.0 14.1 <3.5
In HFF cells Betulin succinate >20.0 68.8 <34
Betulin glycerol oxalate >20.0 63.5 <3.2
Betulin diphosphate >100.0 >100.0 0.0
Uvaol >20.0 48.9 <24
Ursolic acid >().8 29 <3.6
Hederine hydrate >4.0 11.5 <29
Acyclovir® 3300 >100000 >30.3
Betulin succinate >50.0 >50.0 0.0
Epstein-Barr Virus Betulin glycerol oxalate 7.2 >50.0 >6.9
In Daudi cells Betulin diphosphate 0.39 >50.0 >128
Uvaol 0.31 44.3 142
Ursolic acid 485 >50.0 >1.0
Hederine hydrate 1.5 38 2.5
Acyclovir® 1400 >100000 >71.4

ECs, (530% antiviral effective concentration) is the concentration of the test antiviral compound required to
reduce viral plaques or CPE by 50%.

CCsp (50% cell cytotoxic concentration) is the concentration of test antiviral compound required to reduce
the growth of uninfected cell by 50%.

Selectivity Index (SI): Ratio of CCs, for cell growth 1o ECs;, for viral CPE  i.¢., (CCso/ECsq ratio).
MCMV: Mouse Cytomegalovirus™® CCs; = 80.0

VCA: Viral Capsid Antigen



22

TABLE: 4

Cytotoxic Effect of Betulin, Allobetulin and Acyclovir”
in Primary Rabbit Kidney and Vero Cell Lines

Qualitaitve Cylotoxic Effect at CDs, (mg)
2.0 ml Dosc
Rabbit Kidney | Vero Rabbit Kidney | Vero
Cell Line Cell Line
Betulin - - >250 125
Allobetulin - - >300 300
Acyclovir® - = >250 250

Cyltotoxicity (Qualitative): Rounding and lysis of cells
+++ = Complete Cytotoxicity (75-100)

++ = Moderate Cytotoxicity ( 50%)

+ = Minimum Cytotoxicity (25%)

- = No Cytotoxicity (0%)

CCsq: (50% cell cytotoxic concentration) is the concentration of test antiviral compound required to reduce
the growth of uninfected cell by 50%.
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The following compounds are listed according to their in vitro decreasing order of
effectiveness against different viruses. For more information refer to the summary
Table.

COMPOUNDS EFFECTIVE AGAINST HSV-1

HFF cells: HEP-2 cells:
Allobetulin 3-phosphate Betulin
Allobetulin lactone Betulin diphosphate

Betulin arabinose galactan

COMPOUNDS EFFECTIVE AGAINST HSV-2

HFF cells: HEp-2 cells:

Betulin Betulin

Betulin 28-maleate Betulin 28-maleate
Allobetulin 3-phosphate Allobetulin

Allobetulin lactone Betulin 3, 28-dimaleate
Betulin 3, 28-dimaleate Betulin 3, 28-disuccinate
Betulin 3, 28-disuccinate Betulin 3, 28-diphthalate
Betulin 3, 38-glutarate Betulin bisdiglycolate
Allobetulin 3-phthalate Allobetulin succinate
Allobetulin 3-glycolate Betulin diglycine ester
Lupeol* Allobetulin ethanolamine hydrocholoride**
Betulin dialanine ester*

Betulin diglucine ester®
Allobetulin ethanolmine *
Allobetulin ethanolamine hydrocholoride**

COMPOUND EFFECTIVE AGAINST EBV
Betulin diphosphate
Uvaol

COMPOUND EFFECTIVE AGAINST HCMV
Betulin succinate

* Slightly toxic at effective dose concentration
**Significantly toxic at effective dose concentration

CONCLUSIONS:

In conclusion, we would like to report that betulin, allobetulin and a few derivatives were
approximately fifty to hundred times more effective against Herpes Simplex Virus Type
1 & 2 (HSV-1 & HSV-2), Human Cytomegalovirus (HCMV) and Epstein-Barr Virus
(EBV) in vitro compared to Acyclovir®. Furthermore, 2% betulin ointment treatment was
found to be effective against cutaneous HSV-1 and HSV-2 infection in Sprague Dawley
Rats and vaginal HSV-2 infection in the female Hartley outbred guinea pigs.
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