RESEARCH & DEVELOPMENT
1. BACKGROUND

Although the usc of medicinal plants has not been highly
regarded in this country, there is a general consensus among lay
people that the clear sap of the aloe vera plant is of benefit in
healing wounds and reducing inflammation. Despite this consen-
sus. until recently there had been very little success in idencifying
the active principle. The major impediment to these studies was
that aloc vera gel lost its effectiveness within hours of being taken
from the plant. Good results seen with fresh aloe were always
counterbalanced by lack of results in later tests. As recently as
1983, aloc vera had not been proven effective in the treacment
of any condition and the aloe vera industry could, therefore, not
make health care claims. Nevertheless, in 1983, the FDA’s
Advisory Panel for over-the-counter drugs reviewed a hundred
reports on aloc verz products and found that not onc adverse
elTect had been reported. They concluded thar “clearly the
substance is safe.” (Zimmerman DR. Essential Guide to
Non-prescription Drugs. Harper and Row. 1983)

In 1984, investigators at Carrington Laberatories
successfully idenufied acemannan as the major
therapeutically active ingredienc in aloe vera gel

and devised a method of ensuring its stability and
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puricy. [n solving the stabilicy problem, they opened the way for
studies on its therapeutic activiaes, On June 3, 1986, Carringron
applied for 2 patent on this compound and its stabilization. The
patent was issucd on Apnl S, 1983.
Inidial studies revealed thac the acuve ingredieat of the
aloe vera gel was a complex carbohvdrate. Thus of necessity,
the Company entered the ficld of glycobiology, the study of
carbohydrates and their biological activines. (Carbohvdrates are
compounds such as sugars and sarches.) The study of the biology
of carbohydrates dates back to the very foundarions of biochem-
istry. Until recently however. the chemistry of these molecules was
not widely studied because of their complexiry and technical
difficulues. Since the early 1980s however, new techniques and
methodologics have resulted in an explosion in the number of
studics conducted in this area. The field of glycobiology has exper-
ienced remarkable growth. (Hart GW, editonial, Glycobiology.
1990) Az the same time, many small biotechnology companies
have been esublished in an attempt to use the newly acquired
knowledge for therapeutic benefit This is evidenced by trade
publications and the ;:mcrgcncc of at Jeast 15 companies develop-
ing carbohydrate-based drugs. No longer considered merely an
energy source for incracellular mewabolism, carbohydrates are now
recognized as potenually uscful for a wide range of applications,
including ligands for immunomodulation, drug delivery
vehicles, modulators of cell-to<ell communicauen
and competitive inhibitors of pathogen
atachment to healthy host ceils.
Major hurdles sull
exist for most companics

acempting (o produce
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carbohvdrate-bascd drugs. Low vields of pure carbohydrate and
high costs for virtually ail svathetic methods can be formidable
barriers. Thus, most of the carbohvdrates under investigation are
shorschain saccharides - not true polvsaccharides - and clinical
drug development at these companies tends to lag behind the
preclinical science. Because of it natural soutce, Carrington
Laboratories is in the unique position of having available large
quantitics of a purc, chemically-defined carbohydrate. As a resule,
the production of acemannan faces none of the availabilicy, cost
and molecuiar configuration problems faced by other companies
and provides Casrington with 2 unique therapeutic franchise.
The task of Carring;on Laboratories research group has
been to study the properties of acemannan, to determine its
therapeutic applicacions, to ensure its lack of toxiciry, and to
make this remarkable compound aviilable to the public in
2s timely a manner as passible. Progress towards each of these
goals has been impressive. To this end, Carringron has 53 patencs

in 9 broad categories carrving 1.334 claims in 21 countries.
1i. SCIENTIFIC RATIONALE

The proparties of scomannan

Acemannan is 2 complex polysaccharide consisting of
long-chain, beta-linked mannose polymers interspersed with
aceryl groups. Carrington scientists have shown that acemannan
is extremely stable. Due 1o its bera linkage and other structurai
features, acemannan is not metabolized until it reaches the target
cell. Acemannan interacts with the immune sysiem and thus acts
as an immunomodulator. [Immunomodulators are compounds that
samulate immune cell function and cytokine synthesis and have
1 wide variery of potential uses in the ueatment of human and
animal diseases. Acemannan also possesses significant antiviral

activicy which makes it potentially useful in the reatment of

infectious diseases.

Cytokine release
Macrophages are cells that pawrol throughout the
body. Among other functions, they seek out, ingest
and destroy bacteria. viruses, tumor cells and other
foreign matenal. Thev present foreign marenal 1o the

ccils of the immunc svstem and in this way regulate

the immune response. Macrophages secrete 2 number of potent
chemicals that assist not only in their scavenger role, but 3lso 10
performing cheir regulatory activities. Products of the maczoghage
include enzymes, growth -
factors. coagulation factors,
prostaglandins and, most
importantly, cvtokines
At least two macrophage-
derived cytokines are of
significant therapeutic interest
tumor necvosis [actoc (TNF}
which destrovs rumor cells,
promotes the growth of
fibroblasts in wound healing,
and stumulates the production
of other molecules involved
in the immune response; and
interleukin-1 (IL-1) which
enhances the respanse mounted
against infection, increases
natural killer cell (NK-cell)
activity, and promotes the
growth of new blood vessels.
Acemannan is readily tken
up by macrophages and
subsequendy triggers the
release of the major macrophage cywokines such as [L-1. inter-
leukin-6 {1L.-6) and wumor necrosis factar & (TNF-a). Theuwr
therapeutic cffect is modulated by the simultancous release of
the interlcukin-1 receptor anagonist {{L-1RA} as well as
macrophage inflammatory protein (MIP-t). Acemannan can
also exert more subtle cffects on macrophage functrons by
priming them for enhanced release of nitric oxide and supcroxide
anion when exposed to cyrokines or 2 phagocytic sumuius. [t
also promortes functional changes such as increased phagocytosts
and intracellular destruction, anuviral acuviry, enhanced
antigen processing, and the increascd release of ainic oxide
and superoxide anion. Acemannan mas also have a direct eilect
on T-cell and NK-~cell funcuon.

Refease of 2 mixture of manv aiiferent CvIOKINGS O

actvated macrophages can be of thcrapcunic benelit = many



different situacions. Thus the refease of TNF or nitric oxide from
activated macrophages may result in significant destruction of
ncarby cancer or virus-infected cells. The release of [L-] and
other cytokines in damaged tissues may enhance the race of
wound healing and increase resistance 1o bacterial and viral
infections. Secondary relcasc of cywtoxic products and interferons
may be of benefit in antiviral immunicy since it may result in inhi-
bition of viral replication and
destroy virus-infected cells.
Most importantly however,
acuvation of macrophages may
cnhance their antigen process-
ing abiliry and so stimulate the
immune responses to antigens
associated with chem. This
“adjuvant” activiry is readily
observed with acemannpan.

The use of 2 macrophage-
stimulating immunomodulator
such as acemannan will be
of much greacer therapeutic
benefic than the use of isolated,
recombinant eytokines. One
of the characteristic features of
cytokines is that they do nox act
alone but normally function
together wich.a mixture of other
cytokines, These molecules
have complex interactions with
the other cytokines in 2 mixture

showing both synergism and ancagonism. There is tremendous
redundancy among the biological activities of these molecules
while the activities of mixtures may be distinctly differcnt from
the activities of the purificd, isolated molecules. For this reason,
the use of single purified recombinant cytokines has produced
unexpected or unsatisfactory responses. Clearly their use in this
w2y is unphysiclogical. The problems associated with the use of
isolated cvtokines has been compounded bv their very significant
ioxiciry as weti as their exuaordinary expense. Acemannan pos-
sesses nonce of these disadvantages. Stimuiation of macrophages

iumuiaies ihe release of a mixtwre of cviokines tnat are subjected
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to the normal physiologic control processes of the bedy. As a
result, the cffectiveness of the therapy is superior while toxicity

is kept 10 2 minimum.

Antiviral activity

Although the grear vanery of therapeutic applications of
acemannan therapy is derived from its effects on macrophages,
it is important to note that it also possesses direct antiviral activiry.
Enveloped viruses, such as lentiviruses (HIV, FIV), orthomyzx-
oviruses (influcnza), paramyxoviruses (Newcastle disease) and
herpesviruses, grown in the presence of acemannan show a
significant loss of infectiviry. Analysis of these viruses has shown
that changes have occurred in cheir surface glycoproteins, These
changes include alterations in the size of the d'rbohydrztc side
chains and blockage of viral assembly. The precise mechanism
of this antiviral effect remains unclear but it is believed that
cither the acemannan interferes with the activities of glycosidzses
or alternatively, it alters carbohydrate trznsport within the cell.
The net result is decreased infectivity of the virus. This direct
andiviral activiry suggests that acemannan may be of significant
benefit as an aid to the treatment of diseases such as AIDS that
arc mediated by a virus with envelope glycoproteins. In addition,

Aceraasnan’s inieraction wyth the body's immune system and its aniretral

amiry bring abost a uery «de variery of climieal indications.

Acemannan Mechanisms of Action
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acemannan also appears to act s¥nergistically with AZT resulting

in a significant cnhancement of the antiviral effects of AZT at

low, nontoxic doses.

Vaccine adjuvant

As a result of these efTects on macrophage funcrion,
acemannan has a2 very large variery of potential therapeutic uses.
For example, it can act as 2 vaccine adjuvant. Currently aceman-
nan is licensed by Solvay Animal Health, Inc. (Solvay) for use in
poultry as an adjuvant for Marek’s discase vaccine. Marek’s
disease is 2 virus disease that results in significant death loss and
condemnations. The addition of acemannan o the vaccine signifi-
cantly enhances its effectivencss. More interestingly perhaps, the
immunomodulatory eflect of acemannan on the immune system
as 2 whole has a positive eflect on the heaith of these birds. As
a result. the birds show decreased morbidicy and mortaliry, a5
well as decreased condemnarions at slaugheer. In addition, their
improved overall health results in improved feed conversion.
All of these features can result in a significant economic gain to

the poulury industry.

Wound healing
Acemannan and other complex carbohydrates also have the

abiliry to promote wound healing, not only in animals where
normal healing is impaired. but also in normal healthy animals.

It is believed chat this effecc is also related to the release of
cviokines from macrophages within the wound. Macrophages

are known to play a key roie in normal wound healing. Defects in
macrophage lunction result in a delay in healing while stimulation
of macrophage function results in accelerated healing. Studies
with local inhibitors suggest that the activity of acemannan is pn-
marilv mediaced through local release of TNF-@ and possibly
also nitric oxide. s lack of wxiciry makes preparations conuining
acemannan potentally very important in the area of wound
healing. Clinical studies in Europe indicate that acemannan may
significantly accelerate healing of bed sores (decubitus uleers)

and venous susis ulcers in human parients.

Anticancer activity
Because 1t has the abiliry to stimutare local release of TNF-a

and nuuic oxide, icemannan has found a use i the trearment

of spontancous tumors of dogs and cats. Acemannan also directly
enhances NK-ccll activicy. When acemannan is injected into
fibrosarcomas it causes a rapid swelling of the tumor as a result
of local destruction and

inflammation. In 2 significanc

proporticn of cascs the tumor

may subsequently undergo

significant shrinkage.

Acemannan has praven 1o

be especially effective when

administered in association

with surgery and radiation.

Anuinflammatory activity
Acemannan also possesses
significant antinflammatory
acuvicy. [t stimulaces
macrophage production of
IL-1RA, an antagonist of
[L-1 function. In addition,
moderate doses of acemannan
¢an suppress nitric oxide
production by macrophages
(although stimulating nitric
oxide production at low doses).
Since nitric oxide probably plavs
1 significant pathogenic role in inflammatory states, judicial
application of acemannan may be of significant clinical benefic
For example, nitric oxide is 2 mediator of inflammatien and ussue
destruction in ulceranve colicis. It is therefore not surpnsing that
acemannan can significandy ameliorate the climical signs of uicera-
tive colitis. Acemannan has also found a use 1n reducing the

inflammatory reaction induced by local radiation therapy.

The "panacea problem”

One problem that the Company has had to overcome 13
the 1dea that acemannan is a panacea. As the list of activiues
described above makes clear. acemannan appears to be effectre
against an exraordinarily wide range of pathologic conditions it
is not normally expected that a single compound wiil efiecune:s

oromote wound healing, while ac the same me rave sp0Canc:



activicy, aadinflammatory, anavirat and adjuvant cffects. However
this concept may be mare easily accepred by pointing out that the
principal activiry of acemaanan is simply to stimulate macrophage
acuiviry. Macrophages have long
been known to have the poten-
tial to be readily stimulated
into greater activity. Even the
initial event of migration of 2
monocyte from 2 blood vessel
into inflamed tissues leads o
structural changes in these
cells and enhanced microbicidai
behavior. Given the key role of
macrophages in the defense of
the bedy, we should not be
surptised that compounds
thar activate chese eells
exhibir 2 very wide vanety

of clintcal activities.

Further Development of
Acemannan Molocule
In 1993, two new deniva-

tives of acemannan were

synthesized. Preliminary /s citro

data indicate that these mole-
cules may demonstrate more antitumor activicy when compared o
the parent molecule. acemannan. This is a very exciting develop-
ment in view of the potential for these synthetic products to act

as hign!v potent antitumor and antiviral drugs.
Il. THERAPEUTIC APPLICATIONS

Given the research resulcs reported above, it is clear that
Carringron Laboratonies has a unique opportunicy to develop
acemannan as a therapeutic agent for 2 semarkably wide vanery
of conditions. Much thought and planning has therefore gone into
determining the Company’s priorities and its pnncipal research
directions. This has invoived not onlv the therapeuric potenual
of acemannan, but 2iso the regulators canstraimts that exist as

wetl 25 the size 2na drofitaoiiey of porenual markets. Taking ail
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these considerations inte account, pnmary ¢mphasis (or research
i 1993 has been in the area of wound carc and related discase,
including ulcerauve colius. Excellent progress has also been made

in antiviral studies as well as in the area of cancer therapy and

vaccine adjuvants.

Wound Care Studies

Carringron entered the wound care markec with 2 hydrogel
product in 1984. This first product was for the management of
minor wounds, and was markered solely to nurses. [n 1990,
Carrington obuined the following label claims: pressure ulcers
(stages I-[V), stasis ulcers, first and second degree bumms,
cuts, abrasions, irmitations of the skin, and skin conditions
associated with periostomal care. By 1992 Camington had
sufficient scientific data to support marketing to clinicians in
hospitals, especially vascular surgeons, plastic surgeons and

radiation oncologists in addition to enterostomal therapists
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As a nonprescription product, acemannan hydrogel is
marketed as an ingredient in Carrasyn™ Hydrogel Wound
Dressing. The product is available in tubes, spray and impreg-
nated gauze pads for use in a wide variery of skin condirions.

All available data from extensive in virro and animal studies as
well as human tnals and clinical use experience indicate that this
product can accelerate the healing of wounds as well as enhance
the quality of healing in terms of cosmertic aceeptability and
wound integricy.

Work by Camington's rescarchers resulted in thirty-three
(33) papers on acemannan, with fifteen (13) in wound healing,
being published and/for presented at major conferences in the
L.S.. Canada and Europe in 1993.

In 1993. Carrington’s cfforts to broaden the claims for wound
care products conaining acemannan hydrogel were expanded to
include application within the dental field. Two studies were
conducted at Balor College of Dentistry to examine the efficacy
and saferv of rwo modified formulations of Carrasyn™ Hydrogel
Wound Dressing in the treatment of oral aphtheus ulcers (canker
soresh The first study volved Carrasyn™ Hvdrogel Wound
Dressing modified for intraoral use versus a leading product. The
secand rial involved the modified oral formulaton that had been
frecze-dned. The results obtained were highly encouraging. In
shor. Carrasyn™ Hvdrogel Wound Dressing reduced the pain of
these ulcers and sigmificantly accelerated their healing rate. As a
result of this, a premarket notificarion [310tk)), was submitred to
FDA for permission to market the freeze-dried formulation for
the management of oraf aphthous uleers. FDA's response to the
submission 1s anticipated in 1994,

The effects of acemannan on macrophage cytokine
production in laboratory studies suggested that under some
circumstances. it mav also be able to suppress inflammarion. As
a result, studies were initiated at MD Anderson Cancer Center in
Houston to determine if acemannan hvdrogel was of benefit in
treating radiation-induced skin reactions. These studies clearly
showed that acemannan hvdrogel could sigmficantly reduce
radiauon-induced inflammauon and tissue damage in animals.

As a result of this, clinical tnals have been designed and planned
for 1994 10 study the radation spanneg effects of Carrasyn™

Hvdroeel Wound Dressing,

Animal studies conducted ar Texas A&M University and
other sites during 1993 confirmed that acemannan had the abilin
to enhance the rate of wound healing in normal animals. These
studies focused on its mechanism of action and have confimmed
that it probably acts through cyrokines secreted by macrophages.
Studies conducted at Wayne State University in Detroit demon-
strated that acemannan
increases the rate at which
granulation tssue is deposited
within the wound. These
results were supported by other
studies conducted at the
Universiry of California in
San Francisco and at Aubum
Universiry.

Four additional clinical
studies were 1nitiated in 1993
1o evaluare acemannan
hydrogel's effects in indications
such as diabetic foot ulcers,
partial-thickness wounds,
venous stasis ulcers and
dermatological post-biopsy
wounds. All of these trals are
controlled compararive studics
against standard therapies
designed ro develop daca for
marker support and to extend
the indications and claims for
the Companvy’s wound care products. These additional uses repre-
sent potential expansion of Carrasyn™ Hvdrogel Wound Dressing
products for medical specialists such as radiologists. oncologists.
surgeons, dermarologists. and genatricians.

Since the dental wound healing program became a pnonies.
the Company decided to concentrare resources on dental applica-
tion and put an allergic rhinitis program on hold. which hac been

starred in 1992,

Ulcerstive Colitis Studies
Uleeratve colitis is a chronic. recurrent, ;nflammaton cisease

ansing in the hning of the farge intestine. 1z affects ail ages nut s



most threatening to people who contract the disease after age
60. and to adalescents, who can experience severely retarded
growth. According to the Crohn's Disease and Ulcerative Colitis
Foundation, there are some 600,000 peaple afflicred with ulcera-
dive colitis in the United States. Ulcerative colitis accounts for
approximately 35,000 hospital-
izations annually, including an
estimated 15,000 surgical proce-
dures. Medical management
of severe disease is usually not
satisfactory and frequently
requires large doses of steroids.
Although the pathogenesis
of ulcerative coliris is still 2
macter of debare, it is often
convenient to consider it to be
a form of non-healing wound.
Acemannan appears to coat and
protect the gastrointestinal tract.
thus preventing the formation
of arrificially induced uleers in
test animals. In studies of rats
with induced gastric lesions,
acemannan-treated rats had
ulcer scores that were 32% to
}2% lower than those of control
nimals, a result comparable o
the best existing therapies.
Development of acemannan for oral use in uicerative colits
paticnts was given a high priority and a trial at seven sires was
iniriaced 1n 1993 under the Company's IND concurred to by the
FDA on December 1. 1992, This study is an open pilot tnal in
which panents suffering from acute flareups of the disease are
being treaced with either 800 mg or 1600 mg oral acemannan each
dav far up to four weeks. The saferv of oral acemannan continues
to be confirmed and preliminary clinical results are encouraging.
Data generated from this study will help determine oprmum dose

inc duration of trearment in subsequent tnals.
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Elecrron micrographs of cells infected with Neweastle Dusease Virus { YDV),

a paramyxevirus, showing the anmeiral gifecs of acemannan, These cells were
ather sham treated (Figs. A and Bj or treated wo1oh acermannan (Figr, G and
D} ar a concentration of 30 ugimi and harvested ar 48 hours post infecvion.
Panel A: untreated NDV-infected cells, Nove the numerous virrons budding
[from the plasma membrane tarrows). Panel B: a Aigher magnificanon of an
unireated ND\-infected cell. Arrows point to budding virions and nbonucleo-
profein (RNP) complexes fviral genome). having the appearance of grams of
sand afigned beneath the viral membrane (enceloper. Panels C and D: NDV-
nfected cells treated with acemannan ar a concentranon of 30 ugimi. Virion
budding and marurarion appears fo be complerely inhibised despite rhe fact thar
the cells werr nfecred as evidenced by RNP complexes (arroe heads) aligned

Demearh the plasma membrane of the NXDVeinfected ocemannan treated cells.

AIDS Studies

A 48-week, 60-parient, double-blind, placebo-controlled trial
of oral acemannan in patients with advanced AIDS was begun in
February of 1991, This early-phase trial was conducted under the
auspices of the Canadian HIY Clinical Trials Network, which 15
supported by Heaith and Welfare Canada. The principal objective
of this study was 1o assess the effect of acemannan on CD4
decline. the primary indicaror of HIV disease progression. Within
the study. acemannan was given in addicion to AZT. The resules
demonstraced that early decreases in CDH4 cell numbers were
offset by seatistically significant stabilizanon berween wecks 16
and 48 in the acemannan group compared 1o placebo. This study
confirmed that acemannan 15 a safe medicaton. These resuits are
encouraging and provide an impetus for the conunued develop-

ment of acemannan 1n the reatment of A[DS.



Caorringron Laboratories, fnc., and Subsidiaries

Because the Company recognized that acemannan is

minimally absorbed from the gastrointestinal mact, it was clear

thar acemannan should probably be injected into AIDS paﬁc:ts_ o
for maximum therapeutic benefiL As a result studics were
initiated on injectable acemannan at the Universicy of Tcxzs,h -
Health Sciences Center in Houston. A Phase | trial enttled

“Phase I Single Ascending Dose Safery and Tolerance Study of

[neravenous Acemannan in Normal Subjects™ was completed in
1993. This study demonstrated the powerful effects of acemannan
when injected intravenously. Subjects who received higher doses
of acemannan exhibired signs and symproms that are expected
from reatment with biological response modifiers. Pretreatment
with ibuprofen (Advil®), an over-the-counter medication,
srevented the onset or reduced the intensity of these symptbn:ls.
o other signs of toxicity were demonstrated during the trial.

A Phase /1] trial of injectable acemannan in the treatment
>f HIV patients is planned for 1994, This study will involve
shom-term treatment to assess the safery and efficacy of
njectable acemannan in HIV patients. Dara from this trial will
se used to design future studies in the treatment of HIV parients

x1th acemarnnan.

Sancer Btudies
The Company’s first vererinary product was Acemannan

mmunostimulant, an injectable, sterile form of acemannan.
The product was conditionally licensed by the USDA in
sovember 1991 to aid in the ueatment and management of
anine and feline fibrosarcoma. Fibrosarcoma is a form of soft
1ssue cancer for which there previously was no satisfactory
reatment. Carrington has diligendy pursued the removal of
he conditicnal restriction on che sale of Acemannan
mmunosumulant. The requirements for post marketing sdfery
.nd efficacy daca have been met. The final requirement for
emoval is the development of an adequare potency assay.
This assay is now in the final stages of development and the
“ompany believes this can be completed during 1994.

As descnbed above, preclinical saferv and efficacy srudies
o injectable acemannan 1n humans were conducted last year.
The resuits of the Phase [ tnal of injectable acemannan will be
_sed 10 5UDPOMT saferv for anv injectable use in humans including

-ancer. Since MOst cancer treatments are too toxic to be tested on

11

nor‘mal, healthy volunteers, the fact thar the FDA gave Camingron
permission to test injectable acemannan on healthy volunteers
further confirms the perceived safery of acemannan for use as a
treatment for cancer patients.

Several physician INDs, for the wreatment of different rypes
of cancer, are being used to design the protocol for Carvingron’s
cancer IND. As a result of the success of Acemannan
Immunostimulant in dogs and cats. the Company has reason
10 believe thar injectable acemannan will play a major role in

the treatment of cancer in humans.

Adjuvant Studies

An adjuvant is a substance
that enhances the immune
response 1o an ancigen. The
abiliry to generare a vigorous
immune response €0 an antigen
is critical to the effectivencss
of a vaccine. While a number
of compounds have been
demonstrated to be effective
adjuvants, most tend 1o have
side cffects that make them
unacceptable for clinical use.
As a result, ro the best of the
Company’s knowledge, only
one adjuvant (alum) is currently
approved for human use in the
United Suates. Carringron’s
studies indicate thatr aceman-
nan, when used as a vaccine
adjuvant, produces marked

stimulation of the immune

svstem. Acemannan specifically
stimulates antigen presenting
cells. i.¢., macrophages. Acemannan is marketed by Solvav as an
adjuvant in their Marek’s vaccine (MD-Vac®™ 1n poultrv. In 1993,
Solvav expanded distribution of MD-Vac® to several countnes
other chan the U.S. Camingron 15 activets pursuing a research
program for the development of acemannan as 41 30JUMERT 1N

mammalian vaccines.




