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Description

FIELD OF INVENTION

[0001] This invention relates to the use of β-Sitosterol (BSS) and β-Sitosterol glucoside (BSSG) mixture for the man-
ufacture of a medicament for maintaining the immune status quo / deferring the clinical deterioration of individuals
infected with the Human Immunodeficiency Virus (HIV) or cats infected with the Feline Immunodeficiency Virus (FIV)
as well as restoring the fertility potential of such compromised animals and ensuring the health of their offspring.

BACKGROUND OF THE INVENTION

[0002] The Human Immunodeficiency Virus (HIV) infects cells of the immune system, especially those bearing the
CD4 membrane receptor (largely T-helper cells and a certain percentage of circulating monocytes) [1]. With time,
individuals exhibit a degree of immunosuppression due to the constant loss of their CD4 cells but also largely due to
the functional dysregulation of these cells (proliferation in response to antigens, cytotoxic activity and secretion of
immunoregulatory cytokines) [2, 3]. It has also been shown that disease progression is paralleled by overt autoimmune
processes (thrombocytopaenia, lymphopaenia, arthritis, etc.) [4]. The loss of immune cells has been partly attributed
to the increased frequency of apoptosis (programmed cell death) which is evident in the peripheral blood of HIV infected
individuals [5, 6]. Also of note is the fact that several reports have shown increased levels of the pro-inflammatory
cytokines IL6 and TNF-α in the sera of infected persons [7, 8] and it has been shown that these cytokines are capable
of activating viral replication in latently infected cells.
[0003] The Feline Immunodeficiency Virus (FIV), the feline counterpart of HIV, infects immune cells of cats and
induces an equivalent pathology to that induced by the HIV [9]. Indeed, the cats thus infected demonstrate immuno-
suppression with time (due to quantitative and qualitative CD4 cell loss and dysregulation) and finally succumb to death
due to opportunistic infections. An interesting phenomenon described, is the secondary infertility associated with FIV
infection. Many authors have argued that due to the similarities between HIV and FIV pathologies, the feline virus can
be used as a model to study the outcome of therapies before these are attempted in human subjects.
[0004] The Applicant has previously shown (US Patent 5486510; EPO Patent Application 92302556.3) that BSS and
BSSG either on their own or preferably in a mixture (ratio of BSS to BSSG between 1:1 and 500:1) are capable of
modulating the immune response of T cells as well as NK cells in vitro and in vivo. Indeed, the Applicant has shown
that T cells are capable of increasing their proliferative responses to mitogens and enhancing their secretion of lym-
phokines such as IL2 and Gamma Interferon when in the presence of the BSS:BSSG mixture. In parallel, NK cells
exhibit enhanced lytic activity against cancer cells when co-cultured with the BSS:BSSG mixture [10].
[0005] No claim was made in US Patent 5486510 or EPO 92302556 for the treatment of HIV positive patients because
the increased T cell proliferation observed on treatment with a BSS:BSSG mixture suggested a favourable environment
for HIV replication since T cells and monocytes (under the influence of monokines such as IL6 and TNFα) are used
by the HIV for its replicative cycles. Treatment of HIV infections and the accompanying AIDS symptoms were therefore
specifically excluded from any claims made in US Patent 5486510 and its equivalent Patent Applications. Nevertheless,
in vitro and in vivo investigations were continued to investigate the validity of this assumption. Surprising and unex-
pected results obtained to date have now indicated an exciting possibility of the stabilisation of CD4 cell numbers (a
special T cell type preferentially infected by the HIV or FIV in humans or cats respectively) over an extended time
period on treatment with BSS and BSSG mixtures with concomitant decrease in viral load, a decrease in apoptotic
lymphocytes in the circulation of HIV positive patients and a significant decrease in the levels of the pro-inflammatory
monokine responsible for HIV replication, namely IL6.
[0006] In this specification, the term HIV will be used to include the term FIV as well, unless otherwise specifically
distinguished.

SUMMARY OF THE INVENTION

[0007] In a first aspect, the invention provides the use of a mixture of BSS and BSSG for the manufacture of a
medicament for stabilising CD4 cell numbers in HIV infected individuals.
[0008] According to the invention, the mixture of BSS and BSSG is preferably in capsule form.
[0009] The ratio of BSS:BSSG may vary between 1:1 to 500:1, but it is preferred to use a ratio of the order of 100:1.
[0010] Similarly, according to the invention, it is provided the use of the same BSS:BSSG mixture for the manufacture
of a medicament for decreasing the plasma viral load and decreasing the degree of apoptosis of lymphocytes in the
peripheral blood of HIV positive patients
[0011] Also, according to the invention, it is provided the use of the same BSS:BSSG mixture for the manufacture
of a medicament for decreasing the serum levels of IL6 in the peripheral bloods of patients.
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EXPERIMENTAL PROCEDURES:

(1) FIV MODEL

[0012] This part of the experimental procedure consists of two separate pilot studies: pilot study number 1 consists
of five cats naturally infected with the FIV (unknown strain) and divided into two groups: one group of three cats received
the BSS:BSSG capsules (100:1 ratio; 20mg:0.2mg) whereas the second group of two cats was simply followed up but
no treatment was instituted. Clinical, immunological and haematological parameters measured are given in detail below.
[0013] Pilot study number 2 consists of thirty-three cats all experimentally infected with the Petaluma strain of FIV
and divided into two groups: group 1 cats (n =16) were treated with BSS:BSSG capsules (per os, one capsule per day
from Monday to Friday; 100:1 ratio, 20mg:0.2mg) and group 2 cats (n = 17) received placebo capsules containing
talcum. These cats were purpose bred, randomly selected for the study and they were obtained from a breeding colony
of random source cats housed in a free access facility at the University of Stellenbosch. Male cats were neutered
before the start of the study. The cats were housed in the same room at this facility in two separate walk-in cages and
were fed a standard diet of commercial cat food and ad lib fresh tap water and dry cat food.
[0014] All the cats were tested for the presence of FIV antibodies using the Combos kit. Infection of the cats was
conducted using 1ml of blood from a donor cat known to be infected with the Petaluma strain of FIV. The cats were
observed daily for signs of disease or abnormal behaviour. Clinical parameters, as well as haematological and immu-
nological parameters were monitored and recorded weekly for the first six weeks and thereafter, once every six weeks.
The parameters measured included: full blood counts; CD3, CD4 and CD8 cells in % and absolute numbers; temper-
ature; mass; clinical signs of disease of the conjuctiva, ears, gingiva, upper and lower respiratory tract; size of four
groups of lymph nodes and general condition.
[0015] The pilot study number 1 lasted for 175 weeks while the study number 2 lasted 125 weeks.

(2) HIV STUDY:

[0016] Eighty patients infected with the HIV agreed to participate in this study. None of the patients were on con-
comitant anti-retroviral medication (or combinations thereof) at the time of entry into the study or during the study
period. The patients were advised to ingest two capsules containing the BSS:BSSG three times per day (100:1 ratio;
20mg:0.2mg). They also gave a detailed account of any new dietary supplement which was introduced during the study
period. Complete records are available for a 27 months period. The patients were seen monthly after the first six months
and thereafter, at three-monthly intervals. At each visit, the individuals were evaluated clinically for any signs of HIV
related disease; blood was drawn for a full blood count and CD3, CD4 and CD8 cell determinations by flow cytometry
using dual colour monoclonal reagents.
[0017] A sample of clotted blood was stored at -20°C for the determination of plasma viral load by quantitative NASBA
technique using commercial kits (Abbott). The results were expressed as the number of viral copies per ml of plasma.
[0018] A second sample of clotted blood was stored for the determination of serum IL6 levels using an in-house
ELISA method standardised with external standards. The results were expressed as U/ml serum.
[0019] Lymphocyte apoptosis levels in the peripheral blood of patients was measured using a commercial kit (Ylem
ApoTest) and flow cytometry. The results were expressed as % lymphocyte having apoptosis in the lymphocyte gate
(set on SSC versus FL3 gate). The data was analysed by calculating the median % apoptosis at baseline and again
at six months after the initiation of therapy. Statistical significance was determined using the non-parametric Wilcoxon
Rank test.
[0020] In parallel, a group of "control" patients (n=27) who were not ingesting the BSS:BSSG capsules and who were
also HIV positive were followed medically at the clinic. These patients opted not to participate on the study but their
immune cells (CD4 cells) were also determined using the identical procedure as for the study patients. Since these
patients were not on any forms of therapy, they were followed as control patients in order to determine if the loss of
their immune cells followed the known natural history of HIV infection. This group was followed over a period of eighteen
months.

(3) EVALUATION OF DATA:

a) FIV model:

[0021] The data generated by the FIV study number 2 was evaluated by Analysis of Variance between groups. The
baseline data was analysed in order to rule out significant differences between groups at the beginning of the study.
Hence, any significant changes or differences occurring over time could only be attributed to the BSS:BSSG content
of the capsules which the one group received.
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b) HIV study:

[0022] The evaluation of the data obtained for the group of patients who have been on the clinical trial was analysed
by determining the median CD4 cell numbers for the group irrespective of the baseline CD4 cell number of individuals
(i.e. no stratification of the data was applied). The median CD4 cell number at each time point was plotted and a
regression line was statistically determined.
[0023] The change in the degree of apoptosis detected in the peripheral blood of infected individuals was analysed
as the median degree of apoptosis at baseline and again at six months post the initiation of the therapy. Similarly, the
change in the serum levels of IL6 was calculated at baseline (entry into the study) and again at six months. Statistical
significance was determined using the Wilcoxon Rank test (non-parametric method). The data is presented graphically.
[0024] As for the changes in the plasma viral loads, the data was normalised by determining the change over time
as a log change (i.e. value at time X divided by value at baseline expressed as a log value). The mean changes for
the group was subsequently determined and plotted graphically.

RESULTS

Results of HIV study

[0025] As shown in Figure 1, the median CD4 cell numbers exhibits stability over a period of twelve months with a
slight increase in the median value relative to the baseline. This increase is not statistically significant. When repre-
sented as regression lines (same data), again the patient group (n = 80) shows a stable trend whereas the control
group shows the typical decline over the same time period (Figure 2). It is published that an untreated HIV positive
patient loses approximately 100-150 CD4 cells per year. Our data generated using the group of 27 patients serving as
controls shows that the decline is about 150 of these cells over the twelve months period therefore confirming previous
data.
[0026] Analysis of the long term data (> 12 months up to 27 months) in a similar fashion reveals the stability of the
CD4 cell counts of this group of patients (Figure 3). In parallel, the control patients data stops abruptly at eighteen
months since all these patients dropped out of the study (either died due to disease progression or decided to become
treated subjects). Once again, regression analysis of the data indicates a straight line with a slope value of- 2.44 (p =
Not significant when compared to the baseline value) indicating that the group of patients maintain their CD4 cell
numbers over an extended period of time (Figure 4). At this point, it is important to recall that the BSS:BSSG mixture
has been shown to have potent immunomodulatory properties and that they do not have direct anti-viral activities.
[0027] The measurement of apoptosis in the lymphocyte population of these patients was conducted and the results
are shown in Figure 5. As can be seen, over a six months period, the degree of apoptosis (which accounts for a
considerable loss of HIV infected cells as well as uninfected cells) decreased slightly although this was not statistically
significant. This is an important finding since it is known that disease progression in HIV positive patients is accompanied
by increases in the CD4 cell loss due to increased apoptosis. In our study population, over a period of six months, this
marker has shown a slight decline although not statistically significant. This would seem to show that the BSS:BSSG
capsules are capable of inhibiting the process of apoptosis.
[0028] Further evidence for the efficacy of the BSS:BSSG mixture in our population of HIV positive patients is shown
in Figure 6 which indicates that the serum levels of the pro-inflammatory factor IL6 decreased over a period of six
months in the group of patients. This decrease is statistically significant (p = 0.02). These results would indicate that
active viral replication can be halted and that this would translate into stable CD4 cell numbers (as shown above) since
as mentioned earlier, IL6 is a monokine (factor secreted by monocytes) which is implicated in the activation of latently
infected cells of the host and the induction of active viral replication. Furthermore, in vitro data (not shown) has shown
that the BSS:BSSG mixture is able to actively inhibit the synthesis and release of IL6 and TNFα by LPS activated
monocytes prepared from the blood of healthy individuals.
[0029] The data of plasma viral loads in this group of eighty patients ingesting the BSS:BSSG mixture shows that
this marker declines steadily over a period of nine months to reach a mean change of -1.04log at 9 months. This is a
steady but definite decline as follows: -0.51 at 3 months; -0.56 at 6 months and finally -1.04 at 9 months (Figure 7).
This decline is slow should one compare the decline induced by the use of anti-retroviral drugs. However, it should be
remembered that the BSS:BSSG mixture does not have direct anti-viral activity but rather modulates the immune
response so that the enhanced activities of the immune cells control viral replication indirectly.

FURTHER EVIDENCE OF EFFICACY OF BSS:BSSG MIXTURE IN RETROVIRAL INFECTIONS

[0030] As previously reported, the cat equivalence of the HIV is a virus which infects cells bearing the CD4 molecule
and this virus induces immune suppression in a similar fashion to the human counterpart. Cats infected with the FIV
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is thus an ideal model to study the biological effects of drugs on disease progression and to determine efficacy of the
drug in question.

FIV Pilot Study No. 1

[0031] As can be seen, two cats which were not treated decreased their CD4 cell numbers rapidly over a period of
sixty weeks and finally succumb to disease (Figure 8). In comparison, the three cats which received the BSS:BSSG
mixture maintained their counts are still alive with no signs of disease progression (Figure 9). Only one cat (cat 51)
has shown a decline in its CD4 cell number over this study period but clinically no overt signs of disease.

FIV Pilot Study No. 2

[0032] Due to the fact we had no knowledge of time of infection in these cats described above, it was decided to
repeat the above experiment using a well defined strain of the FIV (Petuluma strain; acknowledgement to Prof. NC
Pedersen) and to experimentally infect a group of cats. For this, thirty-three cats were infected using the same aliquot
of infected blood and the parameters mentioned above were monitored. Two new groups of cats were formed: group
1 consisted of sixteen cats which received the BSS:BSSG capsules whereas group 2 cats (n=17) received placebo
capsules. They were housed in identical facilities at the university and were fed standard diet of commercial cat food
and ad lib tap water and dry cat food.
[0033] As shown in Figure 10, when the regression line of the median CD4 cell numbers for the two groups are
compared, it is evident that those cats on the placebo capsules are showing a decline in their cell numbers over a
period of 125 weeks whereas the cats receiving the active BSS:BSSG capsules are maintaining their CD4 cells, con-
firming the stability of these cells in the cats studied in pilot study number 1 as described above.
[0034] Of note is the following result of FIV transmission between infected queens and their offspring since recent
literature reported that the FIV could be transmitted trans-placentally and post-natally in a similar fashion to the human
virus. For this, infected queens were allowed to mate with uninfected male cats (litter brothers) and the outcome of the
litters were monitored. As shown in Table 1, there were equivalent number of litters on both sides of this study but the
rate of transmission and mortality in the kittens arising from the untreated queens differs significantly (p = 0.001) from
that observed in the treated queens.

[0035] According to scientific literature [11], the normal rate of FIV transmission in experimentally infected cats is
78% which is confirmed in our small study. However, it must be noted that this rate is decreased to 26% in queens
which received the phytosterols, implying that these immunomodulatory plant compounds could have important clinical
use in HIV infected pregnant women.
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Claims

1. The use of a mixture of BSS (beta sitosterol) and BSSG (beta sitosteryl glucoside) in a ratio of BSS:BSSG between
1:1 to 500:1, for the manufacture of a medicament for stabilising CD4 cell numbers in an HIV infected individual.

2. The use according to claim 1 in which the medicament is in capsule form.

3. The use according to claim 1 or claim 2 in which the ratio of BSS:BSSG is of the order of 100:1.

4. The use according to any of the above claims of a mixture of BSS and BSSG in a BSS:BSSG ratio of between 1:
1 and 500:1 for the manufacture of a medicament (e.g in capsule form) for decreasing the plasma viral load and
degree of apoptosis of lymphocytes and/or decreasing the serum levels of IL6 in the peripheral blood of HIV positive
individuals.

5. The use of BSS and BSSG in a ratio of from 1:1 to 500:1 for the manufacture of a medicament for administration
to an HIV infected female mammal to reduce mortality in the offspring of the mammal.

Patentansprüche

1. Der Gebrauch einer Mischung von BSS (β-Sitosterol) und BSSG (β-Sitoseryl Glucosid) in einem Verhältnis von
BSS:BSSG zwischen 1:1 bis 500:1, für die Produktion eines Medikamentes für die Stabilisierung der CD4 Zellen
Nummern in einem HIV infizierten Individuum.

2. Der Gebrauch nach Ansprüch 1 in dem das Medikament in der Form von Kapseln besteht.

3. Der Gebrauch nach Ansprüch 1 oder Anspruch 2 in dem das Verhältnis von BSS:BSSG in der Groesse von 100:
1 ist.

4. Der Gebrauch nach einem der obigen Ansprüche von einer Mischung von BSS und BSSG in einem Vehältnis von
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BSS:BSSG zwischen 1:1 und 500:1 für die Produktion eines Medikamentes (z.b. in der Form von Kapseln) für die
Verminderung der viralen Belastung und dem Grad der Apoptose von Lymphozyten under/oder zur Verminderung
des serum Spiegels von IL6 in dem peripheralen Blut von HIV positiven Individuen.

5. Der Gebrauch von BSS under BSSG in einem Verhältnis von 1:1 bis 500:1 für die Produktion eines Medikamentes
für die eingebung an ein HIV infiziertes weibliches Mammalia zur Verminderung der Mortalität unter den Abkommen
des Mammalia.

Revendications

1. L'emploi d'un mélange de BSS (beta sitosterol) et BSSG (beta sitosterol glucoside) dans la proportion entre 1:1
et 500:1 pour la préparation d'un médicament pour stabiliser les nombres de cellules CD 4 dans un individu infecté
de HIV

2. L'emploi selon revendication 1 en lequel le médicament est en la forme de capsule

3. L'emploi selon revendication 1 ou 2 en lequel la proportion de BSS:BSSG est approximativement 100:1

4. L'emploi selon quelqu'un des revendications dessus du mélange de BSS et BSSG en proportion entre 1:1 et 500:
1, pour la préparation d'un médicament (par example en forme capsule) pour diminuer le charge viral du plasma
et le degré d'apostosis des lymphocytes et/ou pour diminuer les nivaux du sérum de IL6 dans le sang du individu
qui est HIV positif

5. L'emploi de BSS et BSSG en proportion de 1:1 a. 500:1 pour le préparation d'un médicament destiné á l'adminis-
tration a une mammal femelle infecteé avec HIV pour diminuer la mortalité infantile
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