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S U M M A R Y

OBJECTIVE:  To evaluate the adjuvant effect of beta-
sitosterol and its glucoside in the treatment of culture
proven pulmonary turberculosis (PTB).
DESIGN:  A blinded randomised placebo-controlled trial
in culture proven drug sensitive PTB. Patients were hos-
pitalised for the duration of the treatment and evaluated
at monthly intervals with regard to sputum culture positivity,
chest radiography, weight gain, Mantoux test response,
routine haematology and liver functions.
STATISTICAL EVALUATION:  General linear models
for repeated measures (SAS GLM package) compared the
interaction effects, group effects and time effects of findings
in 19 patients receiving sitosterols with those in 18 patients
receiving a placebo (talcum powder). Absolute values and
change from baseline values were evaluated, although
only the latter were reported.
RESULTS:  Weight gain was significantly greater in the
sitosterol group (mean weight gain 8.9kg) than the placebo

group (mean gain 6.1kg) (P = 0.0023 group effects; P =
0.0001 for time effects). Speed of achieving culture neg-
ativity; radiological improvement and induration on Man-
toux testing was similar in the two groups. Change in
lymphocyte counts from baseline was significantly higher
in the sitosterol group (P = 0.0001 and P = 0.0001 for
group and time effects) as was the increase in eosinophil
counts (P = 0.0001 and P = 0.0137 for group and time
effects).
CONCLUSION:  The study has shown significantly im-
proved weight gain and higher lymphocyte and eosino-
phil counts in PTB patients receiving sitosterols in add-
ition to an efficacious antituberculosis regimen. Sitosterols
and their possible mode of action should now be eval-
uated in larger numbers of tuberculosis patients and in
diseases with a similar immunopathogenesis.
KEY WORDS:  sitosterols; pulmonary tuberculosis; tuber-
culosis treatment

BETA-SITOSTEROL (BSS) and its glucoside (BSSG)

are the most abundant sterols found in plants. In com-

mon with other phytosterols they are not endogenous-

ly synthesised in the human body and are derived ex-

clusively from the diet.1 Although they differ from

cholesterol by only an extra ethyl group in the side

chain, they show profound biological effects in a num-

ber of experimental animal models. These include,

inter alia, reduction of carcinogen-induced colon can-

cer,2 anti-inflammatory3 and anti-complement activ-

ity.4 In man they have been used to lower cholesterol1

and in the management of benign prostatic hypertro-

phy5 and more recently have also been shown to have

an immuno-modulating effect.6 In femtogram concen-

trations they stimulate proliferation of peripheral blood

lymphocytes, probably by enhancing interleukin-2

(IL-2) and interferon-� (IFN-�) secretion.

      The treatment of tuberculosis has now been re-

fined to the point where more than 95% of patients

who comply with therapy can be successfully treated

with a 6-month regimen of a combination of ison-
azid, rifampicin and pyrazinamide.7 The role of the

different drugs in this ‘short-course’ chemotherapy

has also been clarified.8 Despite this, close to 25% of

tuberculosis patients in developing countries may fail

to complete their therapy, leading to high relapse rates

and the danger of drug-resistant tuberculosis. In view

of the considerable deficiencies of current antituber-

culosis regimens when used under operational condi-

tions, it was therefore considered appropriate to un-

dertake a pilot study of the effect of BSS/BSSG in

pulmonary tuberculosis patients.

METHODS

The study was undertaken at the DP Marais tuber-

culosis hospital of the South African National Tu-

berculosis Association (SANTA) at Westlake near Cape

Town. This area has a particularly high incidence of

tuberculosis (>500/100 000 in 1993).9 Adult male
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Sitosterols in the treatment of pulmonary tuberculosis

pulmonary tuberculosis patients admitted to the hos-
pital with pulmonary tuberculosis confirmed by spu-
tum smear microscopy for acid fast bacilli and culture
for Mycobacterium tuberculosis were randomised to
receive either sitosterols or a placebo. The allocation
of the patients to the different treatment groups was
unknown to those conducting the trial. The sitosterols
and placebo were supplied as identical capsules by
Essential Sterolin Products (Pty) Ltd (Gauteng, South
Africa). The active capsules contained 0.2 mg BSSG,
20 mg BSS plus 200 mg talcum. The placebo capsules
contained only 200 mg talcum. Patients received one
capsule three times daily together with their standard
antituberculosis regimen.

Clinical Evaluation
Patients were evaluated on admission and monthly
with regard to weight gain and radiological improve-
ment, sputum culture, full blood count, differential
white cell count, sedimentation rate and liver func-
tion tests. A Mantoux test was carried out on admis-
sion with 5 units purified protein derivative (PPD)
(Japan) and monthly thereafter. Patients’ participa-
tion in the study for at least 4 months was required
for their inclusion in the final data analysis. Patients
with drug resistant tuberculosis were excluded from
the analysis.

Chest radiographs were assessed independently
by a physician and a radiologist who were unaware of
which treatment group the patients had been placed
in. Because of considerable variation in radiological
technique it proved possible only to identify the time
at which the chest radiographs showed indisputable
improvement.

Statistical Evaluation
Two data sets, the absolute values and the change
from baseline derived from repeated measurement of
the variables over the study period were evaluated.
Many methods of analysis have been suggested for
such data including simple t-tests at each separate
time point and more complex designs.10 The SAS
General Linear Model (GLM) procedure,11 as de-
scribed by Milliken and Johnson,12 when usual as-
sumptions do not hold, was used for this analysis to
determine if the interaction effects and main effects
(group and time) were significantly different between
the sitosterol and placebo groups.

For the first set of results obtained on entry to the
study, t-tests were performed between the absolute val-
ues at baseline for the two groups (sitosterol and pla-
cebo) to determine significant difference. When no
significant differences were determined at baseline,
GLM repeated measures analyses were performed to
investigate differences between groups (group effects).
    For the second approach a new set of values was
calculated, namely ‘change from baseline’ , and ana-

lysed for significant group and time effects by means
of the same SAS GLM repeated measures. This re-
sulted in a different measurement (’change from the
baseline’) compared to the first approach (absolute data)
and the statements which are tested (the hypothesis of
no interaction or the hypothesis of equal main effects)
for the two approaches differ with respect to the ac-
tual measure utilised. Only the results for the  ‘change
from baseline’ are reported since these changes iden-
tify the treatment response more effectively.
    The study was approved by the Ethics Committee
of the Faculty of Medicine of the University of Stellen-
bosch, the South African Medicines Control Council
and the Management Committee of the DP Marais
Hospital. Written informed consent was obtained
from patients for their participation in the study.

RESULTS

Twenty-three patients were included in the active
group which received sitosterols. Four of these were
subsequently excluded - one died after 3 months of
treatment, one was found to have multidrug-resistant
tuberculosis (resistance to isoniazid and rifampicin),
one was HIV-positive and one patient absconded after
one month’s treatment. The mean age of the 19 remain-
ing patients was 43.4 years and all had fully drug sen-
sitive M. tuberculosis isolated from their sputum.
Their mean weight was 49.4 kg (±6.4 kg) and 9
(47%) had previously been treated for tuberculosis.

Twenty-four patients were entered in the placebo
group from which six were excluded: three absconded
(two after 3 month’s therapy and one after 1 month’s
therapy), one had multidrug-resistant tuberculosis,
one was HIV-positive and one requested discharge
for home treatment after 2 month’s hospitalisation.
The mean age of the 18 patients remaining in the pla-
cebo group was 36.6 years, their mean weight 50.5 kg
(±8.8 kg) and seven (39%) had previously been
treated for tuberculosis. All of the patients evaluated
had fully drug sensitive M. tuberculosis isolated from
their sputum.

No significant differences existed between the vari-
ables of each group evaluated at the time of entry to
the study (P > 0.05 in all instances).
    All of the patients included in the final analysis had
fully drug sensitive organisms and received the stan-
dard regimen of isoniazid, rafampicin and pyrazina-
mide for 6 months as used by the South African Na-
tional Tuberculoses Control Programme at that time.

By the end of 1 month of treatment 11 patients in
both the sitosterol group (58%) and the placebo group
(61%) were still sputum culture positive; two patients
in each group (11%) were still positive after 2 months
of treatment. No patient in either group had a positive
sputum culture thereafter.

One set of chest radiographs from a patient in each
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group was inadvertently sent to a peripheral clinic
upon the patient’s discharge and could not be recov-
ered. Radiological improvement amongst the remain-
ing chest radiographs was not significantly different
between the two groups. There were three patients in
the sitosterol group and one in the placebo group who
at the end of 6 months of treatment showed no signs
of radiological improvement, although their sputum
cultures were negative.

The results of investigations showing a significant
group effect are summarised in the Table. Changes
from baseline values for haemoglobin, haematocrit,
neutrohpil count, serum globulin, creatinine and urea
did not differ between the sitosterol and placebo
groups. Induration on Mantroux testing also did not
differ between the two treatment groups. Weight gain
was, however, significantly greater in the sitosterol
group (mean gain 8.9 kg) than in the placebo group
(mean gain 6.1 kg) (group effect P = 0.0023; time
effect P = 0.0001). Lymphocyte counts were higher
in the sitosterol group (group effect P = 0.0001; time
effect P = 0.0001), as were eosinophil counts (group
effect P = 0.0001; time effect P = 0.0137). Signifi-
cant group and time effects were also found for mono-
cyte counts, platelet counts and sedimentation rate,
but a significant interaction of group and time com-
plicates the interpretation of the main effects.

DISCUSSION

Following the initiation of an efficacious antituber-
culosis regimen it is to be expected that gain in weight
will occur, that the majority of sputum cultures will
be negative by the end of 2 months of therapy and that
radiological resolution of the majority of tuberculosis
lesions will occur by the end of 6 months therapy. In
both groups of patients evaluated a considerable gain
in weight occurred, but gain in weight was signifi-
cantly greater in the sitosterol group (group effect
P = 0.0023; time effect P = 0.0001). No patient in
either group had a positive sputum culture after the
second month of treatment and the radiological re-
sponse to treatment was similar in both groups.

The haematological findings in pulmonary tuber-
culosis patients have been documented on a number
of occasions, as has the response of the various para-
meters to therapy. Thus the occurrence anemia, lym-
phopaenia, neutrophil leucocytosis, monocytosis, eo-
sinopaenia and thrombocytosis is well established,13

and was found in our patients. The institution of ap-
propriate chemo-therapy will usually lead to a resolu-
tion of the anaemia, a rise in the lymphocyte count,
a fall in the polymorphonuclear leucocyte count, a fall
in the polymorphonuclear leucocyte count and
the monocyte count, a rise in the eosinophil count
and a fall in the platelet count. This course of events

Mean values (standard deviation) of investigations in pulmonary tuberculosis patients receiving sitosterol or placeboTable

Month of treatment

0

Significance of
deviation from
baseline group

effect (time effect)1 2 3 4 5 6

Body mass (kg)
     Sitosterol (SD)
     Placebo (SD)

Lymphocyte count
  (x109/ l)
     Sitosterol (SD)
     Placebo (SD)

Monocyte count
  (x109/ l)
     Sitosterol (SD)
     Placebo (SD)

Eosinophil count
  (x109/ l)
     Sitosterol (SD)
     Placebo (SD)

Platelet count
  (x109/ l)
     Sitosterol (SD)
     Placebo (SD)

Sedimentation
rate (mm/hour)
     Sitosterol (SD)
     Placebo (SD)

Serum albumin (g/ l)
     Sitosterol (SD)
     Placebo (SD)

* Indicates significant difference (P > 0.05) between treatment and placebo group for change from baseline valuesat time point.
† Significant interaction repeated measures factor (time) is different for the groups at each level.

49.4 (6.4)
50.5 (8.8)

1.49 (0.80)
1.24 (0.60)

0.68 (0.36)
0.67 (0.27)

0.13 (0.13)
0.12 (0.14)

477 (139)
430 (135)

63 (32)
71 (34)

34.8 (6.0)
36.5 (4.4)

50.6 (6.7)
52.3 (9.1)

52.2 (7.7)
53.9 (9.7)

54.9 (8.0)
54.9 (9.9)

56.6 (8.3)
56.0 (9.8)

58.1 (8.1)
55.8 (7.6)

58.3 (9.2)
56.7 (10.3)

2.08 (0.71)*
1.62 (0.57)

2.15 (0.69)*
1.69 (0.66)

2.18 (0.74)*
1.75 (0.57)

2.18 (0.64)
2.00 (0.60)

24.2 (0.62)
2.00 (0.71)

2.27 (0.65)*
1.86 (0.76)

0.66 (0.34)
0.62 (0.22)

0.65 (0.34)*
0.59 (0.22)

0.58 (0.23)
0.56 (0.24)

0.55 (0.22)*
0.45 (0.16)

0.53 (0.19)
0.52 (0.17)

0.50 (0.17)
0.50 (0.18)

0.40 (0.28)*
0.29 (0.23)

0.50 (0.56)
0.53 (0.24)

0.42 (0.30)
0.36 (0.34)

0.46 (0.33)
0.33 (0.22)

0.45 (0.46)
0.33 (0.19)

0.46 (0.43)*
0.23 (0.16)

430 (193)*
409 (132)

395 (101)*
349 (146)

338 (134)*
340 (114)

342 (122)*
304 (104)

292 (77)*
226 (84)

277 (74)*
280 (84)

69 (27)*
74 (33)

68 (25)*
61 (23)

62 (23)*
53 (24)

58 (29)*
46 (28)

48 (16)*
46 (32)

37 (20)*
48 (27)

38.9 (4.5)
40.1 (4.7)

41.4 (4.5)
41.9 (6.1)

42.6 (4.2)
42.5 (4.2)

43.4 (3.7)
44.3 (2.9)

43.3 (2.7)
43.3 (2.8)

43.1 (4.5)
43.5 (3.2)

0.0023 (0.0001)

0.0001 (0.0001)

0.0053 (0.0001)†

0.0001 (0.0137)

0.0001 (0.0001)†

0.0001 (0.0001)†

0.0052 (0.0001)
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and their possible mode of action in larger numbers of
patients and in conditions other than tuberculosis, but
with a comparable immunopathogenesis.
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was evident in our patients, but it is noteworthy that
the increase in lymphocytes and eosinophils, above
baseline was significantly greater in patients receiving
sitosterols (for lymphocyte count group and time
effects P = 0.0001 and 0.0001 respectively, and for
eosinophils P = 0.0001 and 0.0137 respectively).

Since the sitosterols enhance T-cell proliferative re-
sponses both in vitro and in vivo this response was per-
haps not unexpected.6 However, we do not know
what subset of lymphocytes the increased counts re-
present. In previous studies of the pattern of lympho-
cyte response in sputum smear positive pulmonary tu-
berculosis, a reduction in total T-cell and CD4 counts
and an increase in CD8 counts before the start of ther-
apy was followd by an increase in the number of
CD4 cells and a decrease in CD8 counts after the start
of treatment.14 We can therefore only speculate that
a similar pattern is likely to have been found in both
groups of patients, since flow cytometric analysis of
lymphocyte subsets was not conducted in these pa-
tients. Unpublished data from other trials evaluating
the use of sitosterols indicates a preferential increase
in CD4 positive lymphocytes over CD8 positive cells.

The interpretation of the significantly greater in-
crease in eosinophils in the sitosterol group is also not
clear. On the one hand it could be interpreted as in-
dicating an allergic response to sitosterols. There is,
however, very little indication of any allergic phenom-
ena in previous studies.5 A comparable commercially
available sitosterol product (HarzolR) has a long his-
tory of use for benign prostatic hyper-trophy in Ger-
many without producing any recognizable allergic
phenomena. IL-4 and IL-5 of the Th2 family of cyto-
kines are also known to promote eosinophilia.15 It
is also of interest that a close relationship between
eosinophil counts and CD4 +  lymphocyte counts
has been found in patients with HIV-infection and
tuberculosis.16

    This randomised double-blind placebo controlled
trial of the use of sitosterols in a relatively small num-
ber of patients with pulmonary tuberculosis has shown
several significant differences between those individ-
uals who did and those who did not receive sitoster-
ols. Patients receiving sitosterols had improved weight
gain and a greater increase in peripheral blood lym-
phocyte and eosinophil counts. While these differ-
ences may be chance findings they could be cautiously
interpreted as evidence of a possible beneficial effect
ascribable to the sitosterols. This was unfortunately
not reflected in the small number of patients receiving
an efficacious antituberculosis regimen by either more
rapid sputum culture negativity of be speed of radio-
logical resolution of disease. There is, however, now
good reason for an in-depth evaluation of sitosterols
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