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Abstract

Background

Sutherlandia frutescens (L.) R. Br. is widely used as an over the counter complementary
medicine and in traditional medications by HIV seropositive adults living in South Africa;
however the plant’s safety has not been objectively studied. An adaptive two-stage ran-
domized double-blind placebo controlled study was used to evaluate the safety of con-
suming dried S. frutescens by HIV seropositive adults with CD4 T-lymphocyte count of
>350 cells/pL.

Methods

In Stage 1 56 participants were randomized to S. frutescens 400, 800 or 1,200 mg twice
daily or matching placebo for 24 weeks. In Stage 2 77 additional participants were random-
ized to either 1,200 mg S. frutescens or placebo. In the final analysis data from Stage 1 and
Stage 2 were combined such that 107 participants were analysed (54 in the S. frutescens
1,200 mg arm and 53 in the placebo arm).

Results

S. frutescens did not change HIV viral load, and CD4 T-lymphocyte count was similar in the
two arms at 24 weeks; however, mean and total burden of infection (BOI; defined as days of
infection-related events in each participant) was greater in the S. frutescens arm: mean
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(SD) 5.0 (5.5) vs. 9.0 (12.7) days (p = 0.045), attributed to two tuberculosis cases in subjects
taking isoniazid preventive therapy (IPT).

Conclusion

A possible interaction between S. frutescens and IPT needs further evaluation, and may
presage antagonistic interactions with other herbs having similar biochemical (antioxidant)
properties. No other safety issues relating to consumption of S. frutescens in this cohort
were identified.

Trial Registration
ClinicalTrials.gov NCT00549523

Background

The human immunodeficiency virus (HIV) pandemic has placed unprecedented demands on
healthcare services in sub-Saharan Africa. In South Africa an estimated 5.26 million individuals
(about 10% of the population) are living with HIV infection [1]. The South African govern-
ment implemented the World Health Organization’s (WHO) recommendation that antiretro-
viral therapy (ART) be started when individuals’ CD4 T-lymphocyte count falls below 350 cells
/uL [2]; however the average CD4 count of patients who start ART remains <150 cell/pL, with
many patients deferring ART for a variety of reasons including lack of capacity within the
South African public health service [3-6].

As in most countries, many South Africans use traditional, complementary and alternative
medicines (TCAM) and/or consult with traditional health practitioners (THPs) [7-9]. More
than 50% of adults in KwaZulu-Natal attending public sector facilities for ART initiation dis-
close using TCAM [10], and similar levels of TCAM use by HIV positive individuals may
occur worldwide [11].

Sutherlandia frutescens is an indigenous southern African plant widely used to treat a vari-
ety of conditions including those associated with HIV infection (S1 Fig) [8, 12]. Teas, decoc-
tions, capsules and tablets of the plant leaves are consumed and believed to influence
immunity, stress, depression and wasting, all of which may significantly impact quality of life
and therefore indirectly, progression of diseases such as HIV infection [13]. A variety of prop-
erties of S. frutescens and anecdotal reports suggest benefit in HIV seropositive patients [12];
however the plant is not registered by the South African Medicines Control Council (MCC) for
specific indications.

No toxicity of S. frutescens was observed in either vervet monkeys at doses of up to 80 mg/
kg dried powder over 3 months, or in healthy volunteers taking 400 mg dried powder twice
daily for 24 weeks [14,15]. However, the safety and possible attributes of S. frutescens in HIV-
seropositive adults are unknown. In response to repeated calls from the World Health Organi-
zation (WHO), the South African Development Community, and the South African govern-
ment for controlled studies evaluating the safety and possible efficacy of TCAM practices [16,
17], we performed a double-blind randomized placebo-controlled clinical trial of S. frutescens
in asymptomatic HIV-seropositive South Africans with >350 CD4 T-lymphocyte cells/pL.
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Methods
Setting

HIV seropositive adults were recruited from clinics in the Edendale Hospital catchment area
and evaluated at the Edendale Hospital Research Unit. This state-funded hospital serves
860,000 individuals living in urban and rural communities in the uMgungundlovu District of
KwaZulu-Natal, South Africa. The demographic profile is similar to other high HIV prevalence
settings in the province with an antenatal HIV seroprevalence of 42.2% in 2010 [18]. Close col-
laborations have developed between hospital staff and local THPs, especially relating to the
management of HIV infection and tuberculosis.

Study design and power

This Stage I/1I study evaluated S. frutescens in healthy HIV seropositive adults using a double-
blind, randomized, placebo-controlled design with a two-stage statistical selection theory
design [19, 20]. In Stage 1, 56 participants were randomized to one of three doses of S. frutes-
cens (400, 800, 1200 mg) or placebo, taken twice daily for 24 weeks. Interim analyses to deter-
mine which active study arm (i.e., 400, 800 or 1200 mg) should be continued in Stage 2 were
conducted after at least twelve participants in each arm had completed the study. The most
promising dose level was identified by comparing the number of participants in each arm with
regard to clinical adverse events and evidence of treatment failure. Treatment failure was
defined as follows: having either a decline in the primary outcomes of weight loss (>5% body
mass) or CD4 T-lymphocyte (>20 cells/uL associated with percentage CD4 decline); having a
score decrease of > 20 points on any subscale score from the secondary outcome measure of
the Medical Outcomes Study HIV Health Survey (MOS-HIV); or duration of infection more
than 10 days of active infections during the 6 month trial (acquired on-study infections).

In the interim analysis changes in weight and CD4 count were similar across the arms.
Unfavourable infection outcomes were observed in three of twelve participants in the 1200mg
group, in six of fourteen participants in the placebo group, and in seven of twelve participants
in the 400mg group. With respect to the MOS-HIV, failure differences were found between
placebo and 1200 mg, favouring the 1200mg group. The study proceeded to Stage 2 in which
placebo was compared with the highest dose evidenced to have no significant safety issues,
have fewer failures than the placebo arm, and believed to be of the greatest potential benefit
(i.e. 1,200 mg). The objectives in Stage 2 were therefore modified to assess the impact of S. fru-
tescens on number, category (viral, bacterial, fungal, non-specific) and self-reported duration of
infection events (burden of infection: BOI). Based on BOI data from Stage 1 (4 days versus 8
days average duration; SD 5 days), and assuming a two-tailed test and alpha of < .05, it was
determined that a final sample of 60 completed subjects (30 completed subjects per arm)
would be sufficient to compare burden of infection in Stage 2.

Study product and randomization

A single batch of dried leaves of S. frutescens (L.) R. Br. was sourced from a commercial grower
(Afriplex, Paarl, South Africa) and ground to a uniform powder. Four hundred milligrams of
study product powder were packed into standard opaque 20 mm by 6 mm capsules by a GMP
certified manufacturer (Ferlot Manufacturing Packaging (Pty) Ltd, Jeffreys Bay, South Africa).
All study product was maintained at 18 to 24°C. The physicochemical properties of the study
product were monitored annually by visual observation and high performance liquid chroma-
tography measurement of Sutherlandioside B, canavanine and y-amino butyric acid biomark-
ers. Placebo capsules were prepared with a mixture of lactulose, starch and a small amount of
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dried lettuce leaf powder to match the colour of S. frutescens. To further ensure blinding and
match product odour a small amount of vanilla essence was added to the contents of both the
placebo and S. frutescens capsules. Rigorous blinding procedures were developed to ensure that
neither the participants nor study staff who worked directly with participants were able to link
study product assignment with research subject. These practices conformed to the NCCAM/
NIH Guidance on Natural Product Integrity and, substantively, the Guidelines for Comple-
mentary Medicines recently promulgated by the Republic of South Africa Department of
Health and MCC [21,22]. At the baseline visit eligible participants were sequentially assigned a
participant identification number (PIN) which had already been randomly linked to study arm
and study product dispensing number by the off-site study statistician; randomization was
stratified by gender. Study staff and participants did not have access to the randomization
tables linking PIN to product dispensing number.

Inclusion / exclusion criteria

HIV seropositive adults between the age of 21 and 64 years with CD4 T-lymphocyte count
>350 cells/uL and HIV viral load >1,000 copies/ mL were eligible for enrolment into the study
if: i) in good health without symptoms or signs of tuberculosis or other HIV-related conditions;
ii) haematological and biochemical parameters were within normal range; iii) the resting elec-
trocardiogram was normal; iv) traditional medicines had not been taken in the 28 days before
screening; v) regular allopathic medications were not being taken (except for isoniazid and pyr-
idoxine for the prevention of tuberculosis); vi) alcohol or recreational drugs were not being
abused; and vii) not pregnant or breastfeeding. During Stage 1 of the study the HIV viral load
inclusion criterion was successively lowered from >20,000 copies/mL to >1,000 copies/mL in
order to enrol otherwise eligible participants and to meet enrolment targets. The full inclusion
/ exclusion criteria are shown in S1 Table.

Development and validation of study questionnaires

In addition to the consent documents, standardized questionnaires to evaluate quality of life,
psychological distress and depression were translated into isiZulu and validated using proce-
dures already described [23,24].

Study procedures

Stage 1 ran from May 2008 to July 2009 (interim analysis) and Stage 2 from August 2010 to
December 2011 (study completion). Study procedures were conducted by registered nurses
and medical practitioners. At baseline participants had a physical examination and electrocar-
diogram, had weight, height and skin fold thickness measured, and were prescribed a multivita-
min for two months. To support adherence, study product was transferred into pill boxes by
study staff, and adherence was measured by counting the number of capsules returned at each
visit. Participants returned to the clinic at weeks 2, 4, 8, 12, 16, 20 and 24. Study questionnaires
were administered by a study nurse at baseline and weeks 4, 12 and 24. Haematological and
biochemical parameters were repeated at weeks 4, 8, 12 and 24, and the physical examination
and electrocardiogram was repeated at weeks 12 and 24 and at other visits in response to symp-
toms. As consumption of S. frutescens has been anecdotally associated with systemic lupus
erythematosis [25], serum anti-nuclear factor (ANF) was measured at baseline and weeks 12
and 24 and participants were screened for symptoms suggestive of vasculitis at each scheduled
clinical review. Skin fold thickness and weight was repeated at every visit. Body mass index was
calculated using the height measurement obtained at screening. Participants with unresolved
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medical issues were re-evaluated 4 weeks after exiting the study. Adverse events were graded
using the standardized criteria developed by the NIH division of AIDS [26].

CD4 T-lymphocyte count and HIV viral load were repeated at weeks 12 and 24. Participants
with a CD4 T-lymphocyte count of <350 cells/uL had a repeat count taken six weeks later;
those found to have a second count of <350 cells/pL had the option of exiting the study and
starting antiretroviral therapy.

Duration of those adverse events likely to be due to infection were collected prospectively in
Stage 2. Study participants were asked to contact the study site at the onset of symptoms and
were tracked regularly by telephone until resolution. Aetiology of infection events (viral, bacte-
rial, fungal or protozoal) was determined by study physicians using standardized guidelines (S1
Text). The adverse event log was used similarly to infer aetiology of infection events occurring
in Stage 1. In Stage 2 participants were offered isoniazid 300 mg daily with pyridoxine 50 mg
daily as tuberculosis prevention therapy in accordance with current WHO recommendations
and revised South African standard of care.

Statistical analysis

Primary and secondary outcomes were analysed using an intention to treat analysis based on
treatment assignment to groups. Analyses of the primary outcome, effect of treatment on infec-
tion (Mean BOI and Total Days BOI), were accomplished using independent t-tests using per
protocol analyses. For secondary outcomes, profile plots for participants in each group across
the 24 week observation period were generated. The secondary measures were analysed by fit-
ting a mixed effects model to assess interaction effects of group over time (group and observa-
tion period as fixed effects) clustered within individual (participants as a random effect) on all
continuous outcomes. Analyses were conducted using STATA 11.0 SE (StataCorp LP, College
Station TX) to derive full maximum-likelihood and variance estimates with model assumptions
confirmed through the analysis of residuals. Adherence to assigned study medication was cal-
culated by subtracting the number of capsules returned from the number dispensed, dividing
this figure by 6 multiplied by the number of days between visits, and expressing the result as a
percentage. Differences in adherence between arms were compared using the Wilcoxon-
Mann-Whitney test.

Study oversight

The Biomedical Research Ethics Committee of the University of KwaZulu-Natal reviewed and
approved the study protocol and amendments, and further approval to conduct the study was
obtained from the KwaZulu-Natal Department of Health and the South African MCC, the
Research Ethics Committees of Stellenbosch University, the University of the Western Cape,
the University of Missouri and by the U.S. National Institutes of Health. All participants gave
written informed consent in their home language. Compliance with the study protocol was
evaluated by an independent study monitor and study data were regularly assessed by an inde-
pendent Data Safety Monitoring Board at the University of Cape Town.

Results

Participant screening, enrolment and randomization are shown in Fig 1. Fifty- six participants
(50 women [89%] and 6 men [11%]) were enrolled into Stage 1, and 55 participants’ data were
included in the interim analysis. In Stage 2, 77 participants were randomized to either S. frutes-
cens 1,200 mg or placebo. At the completion of Stage 2 data from the 1,200 mg and placebo
groups from both stages were combined for the final analysis. In total, 54 participants were ran-
domized to the S. frutescens 1,200 mg arm and 53 to the placebo arm, with 49 (92%)
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participants in the S. frutescens 1,200 mg arm and 48 participants (90%) in the placebo arm
completing the study. Thirty one participants in each arm were prescribed isoniazid preventive

therapy (IPT).

Baseline characteristics

Participant characteristics at baseline were similar in the two arms and are shown in Table 1;
about 80% in each arm were female.

Adherence

Adherence to study product was high (>80% in all participants who completed the study), and
there were no significant differences in adherence across study arms (P-value 0.98).

Changes in safety parameters

Biochemical and haematological parameters did not change significantly over the course of the
study, irrespective of group (Table 2). P-values for change in glucose measurements were

Screened: 117
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Randomised: 56

)
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«Q
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Fig 1. CONSORT diagram.

doi:10.1371/journal.pone.0128522.g001
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Table 1. Baseline demographic and clinical characteristics.

Characteristic S. frutescens 1,200 mg Placebo
(N =54) (N =53)
Female 81.1% 83.0%
Mean (SD) Mean (SD)
Age (years) 32.9 (8.3) 32.8 (8.3)
Education (grade) 10.5 (2.7) 10.1 (2.9)
Viral load (log1o copies/mL) 4.10 (0.60) 4.06 (0.63)
CD4 T-lymphocyte (cells/pL) 524.9 (142.9) 534.7 (134.8)
Haemoglobin (mg/dL) 12.8 (1.2) 12.9 (1.2)
MCV (fL) 88.6 (5.3) 88.9 (3.6)
Neutrophils (%) 50.6 (9.8) 50.3 (10.3)
Sodium (mmol/L) 136.5 (2.3) 136.5 (2.5)
Urea (mmol/L) 3.4 (1.3) 3.7(1.2)
ALT (U/L) 21.8 (18.4) 19.2 (9.2)
Albumin (g/L) 40.3 (3.5) 40.8 (3.6)
Bilirubin (umol/L) 6.8 (3.2) 6.9 (3.6)
Triglycerides mmol/L 1.0 (0.6) 0.9 (0.4)
Total cholesterol (mmol/L) 3.6 (0.9) 3.9 (0.9)

doi:10.1371/journal.pone.0128522.t001

assessed as being not clinically significant. On serial electrocardiograms the PR interval, QRS
duration and corrected QT interval (QTc) were similar in both arms (S2 Table).

Adverse events and serious adverse events

Adverse events classified by system (S3 Table) were evenly distributed between the two arms,
as were adverse events caused by infection (Table 3). Two serious adverse events occurred,
both in participants on the S. frutescens arm: one participant had a positive urine pregnancy
test followed two weeks later by spontaneous miscarriage; and one participant was hospitalized
with shingles and early varicella dissemination that resolved completely with intravenous acy-
clovir. Neither was judged to be related to the study product. Five participants on the S. frutes-
cens arm and one participant on the placebo arm developed a positive anti-nuclear factor
during the study period, two of who reverted to negative. Two participants with a positive ANF
at baseline tested negative during the study period. None of the participants developed vasculi-
tis, and none needed to start antiretroviral therapy within 24 weeks of the baseline visit.

Burden of infection

Total and mean BOI was greater in the S. frutescens arm (Table 3), with statistical significance
being due to two participants who were diagnosed with tuberculosis while taking IPT. No
other cases of tuberculosis occurred on the study.

Efficacy endpoints

Mean body mass index and skin fold thickness did not change significantly in the two arms (S4
Table). Both CD4 T-lymphocyte count and HIV viral load decreased over the duration of the
study, but the magnitude of the change was not significantly different between the two arms
(Table 4).
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Table 2. Changes in biochemical and hematological parameters over time in the combined Stage 1 and Stage 2 analysis S. frutescens 1,200 mg
(N = 54) and placebo (N = 53).

Parameter Baseline Week 12 Week 24 P-value”

Mean (SD) Mean (SD) Mean (SD)
Urea mmol/L 0.541
S. frutescens 3.4 (1.0) 3.4 (1.1) 3.7(1.1)
Placebo 3.7(1.2) 3.6 (1.3) 3.8 (1.1)
Sodium mmol/L 0.247
S. frutescens 136.6 (2.2) 136.2 (2.5) 136.4 (2.8)
Placebo 136.5 (2.5) 136.4 (2.2) 137.1 (2.6)
Potassium mmol/L 0.671
S. frutescens 4.1 (0.4) 4.0 (0.4) 4.2 (0.4)
Placebo 4.0 (0.3) 4.0 (0.5) 4.1 (0.4)
Bicarbonate mmol/L 0.961
S. frutescens 254 (2.1) 24.6 (2.6) 25.7 (3.0)
Placebo 25.3 (2.8) 25.2 (2.5) 25.9 (3.1)
Alanine aminotransferase U/L 0.903
S. frutescens 21.7 (18.2) 23.1 (20.9) 23.4 (20.8)
Placebo 19.2 (9.2) 23.4 (18.8) 20.4 (13.2)
Alkaline phosphatase U/L 0.493
S. frutescens 65.9 (20.2) 66.7 (34.8) 67.1 (25.2)
Placebo 67.0 (18.9) 67.3 (18.4) 67.0 (18.9)
Total bilirubin pmol/L 0.742
S. frutescens 6.8 (3.2) 6.4 (2.6) 6.7 (3.8)
Placebo 6.9 (3.6) 6.9 (3.0) 7.2 (4.2)
Albumin g/L 0.606
S. frutescens 40.4 (3.5) 39.8 (3.3) 40.4 (3.1)
Placebo 40.8 (3.6) 40.5 (3.8) 41.5(2.9)
Calcium mmol/L 0.288
S. frutescens 2.24 (0.09) 2.21 (0.09) 2.22 (0.08)
Placebo 2.25 (0.09) 2.21 (0.08) 2.21 (0.09)
Inorganic phosphate mmol/L 0.069
S. frutescens 1.1 (0.2) 1.1 (0.2) 1.0 (0.2)
Placebo 1.0 (0.2) 1.1 (0.2) 1.0 (0.2)
Random glucose mmol/L 0.048
S. frutescens 4.5 (0.6) 5.0 (1.0) 4.8 (0.8)
Placebo 4.7 (0.8) 5.0 (0.9) 4.6 (0.7)
Creatine kinase U/L 0.584
S. frutescens 73.7 (12.8) 67.4 (11.9) 68.5 (9.3)
Placebo 74.4 (13.1) 72.2 (13.8) 69.8 (11.1)
Total cholesterol mmol/L 0.812
S. frutescens 3.59 (0.93) 3.45 (0.80) 3.41 (0.80)
Placebo 3.92 (0.92) 3.72 (0.93) 3.69 (1.01)
HLD mmol/L 0.821
S. frutescens 1.04 (0.28) 1.01 (0.29) 1.04 (0.38)
Placebo 1.05 (0.25) 0.97 (0.25) 1.04 (0.24)
LDL mmol/L 0.291
S. frutescens 2.09 (0.77) 1.94 (0.66) 1.90 (0.67)
Placebo 2.39 (0.77) 2.25 (0.73) 2.28 (0.78)

(Continued)
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Table 2. (Continued)

Parameter Baseline Week 12 Week 24 P-value”
Mean (SD) Mean (SD) Mean (SD)

Triglycerides mmol/L 0.948

S. frutescens 0.95 (0.59) 0.95 (0.50) 0.95 (0.47)

Placebo 0.93 (0.37) 0.97 (0.37) 0.99 (0.64)

Hemoglobin g/dL 12.8 (1.1) 12.8 (1.3) 12.7 (1.3) 0.105

S. frutescens

Placebo 12.8 (1.2) 13.8 (1.3) 13.2 (1.3)

Mean cell volume fL 0.716

S. frutescens 88.6 (5.3) 88.0 (5.2) 88.7 (5.1)

Placebo 88.8 (3.6) 88.7 (3.6) 87.8(9.2)

Platelets x10%/L 0.354

S. frutescens 301 (80) 297 (86) 288 (64)

Placebo 285 (60) 292 (78) 285 (71)

Leucocyte count x10%/L 0.699

S. frutescens 5.8 (1.7) 5.5 (1.6) 5.3(1.4)

Placebo 5.6 (1.7) 5.3(1.3) 5.3 (1.5)

Lymphocyte count x10%/L 0.881

S. frutescens 2.1(0.7) 2.0 (0.7) 1.9 (0.6)

Placebo 2.1 (0.6) 2.0 (0.5) 1.9 (0.6)

Neutrophil count x10%/L 0.634

S. frutescens 3.0 (1.2) 29 (1.2) 2.6 (0.9)

Placebo 2.9 (1.3) 2.7 (1.0) 2.7 (1.2)

Eosinophil count x10%/L 0.087

S. frutescens 0.18 (0.16) 0.20 (0.19) 0.23 (0.22)

Placebo 0.18 (0.15) 0.18 (0.13) 0.20 (0.17)

Monocyte count x10%/L 0.234

S. frutescens 0.33 (0.13) 0.30 (0.11) 0.29 (0.10)

Placebo 0.28 (0.08) 0.30 (0.08) 0.28 (0.08)

Basophil count x10%/L 0.899

S. frutescens 0.03 (0.01) 0.02 (0.01) 0.03 (0.01)

Placebo 0.03 (0.02) 0.03 (0.02) 0.03 (0.02)

Abbreviations: HDL (high density lipoprotein); LDL (low density lipoprotein)
*P-value for interaction effect of groups over time.

doi:10.1371/journal.pone.0128522.t002

Quality of life scores

Mean scores for depression, perceived stress and most HIV symptoms (MOS-HIV) did not dif-
fer between the two arms of the study after controlling for baseline variability (S5 Table). There
were however, statistically significant interaction effects (differences between groups over time)
for the Social (P-value < 0.01) and Mental Health (P-value 0.03) measures, although the differ-
ences were of small magnitude and appeared to reflect slightly different changes in trajectory
from baseline values.

Discussion

This is the first study to rigorously evaluate an African traditional and complementary medi-
cine in adults living with HIV infection, using well established ethical and regulatory norms.
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Table 3. Infection outcomes in the combined Stage 1 and Stage 2 analysis S. frutescens 1,200 mg (N = 54) and placebo (N = 53).

Infections

Number of Infections
None
One
Two
Three
Four
Type of Infection
Viral
Bacterial
Fungal
Protozoal
Non-specific
Burden of Infection
Mean BOI
Total BOI

Abbreviation: BOI (burden of infection)

doi:10.1371/journal.pone.0128522.t003

Placebo P-value
0.372

S. frutescens 1,200 mg

17 (33.3%)
18 (35.3%)

22 (42.3%)
17 (32.7%)

10 (19.6%) 8 (15.4%)
3 (5.9%) 3 (5.8%)
3 (5.9%) 2 (3.8%)
0.784
33 (53.2%) 26 (51.0%)
24 (38.7%) 18 (35.3%)
4 (6.5%) 5 (9.8%)
1(1.6%) 2 (3.9%)
9.0 (12.7) 5.0 (5.5) 0.045
18.2 (25.4) 9.0 (12.7) 0.065

This study responds to calls by the WHO and others to rigorously evaluate African traditional
medicines in the context in which they are used with the knowledge and support of THPs [7-
12, 15-17,27-29], and provide a precedent and guidance for the conduct of future clinical tri-
als of African TCAM practices. When compared to placebo S. frutescens did not impact CD4
T-lymphocyte count, however duration of secondary infection in participants consuming S.
frutescens 1,200 mg was longer than that observed in those on placebo due to two participants
developing tuberculosis while taking S. frutescens, despite taking isoniazid. The possible inter-
action that reduces the efficacy of IPT requires further evaluation. One possible explanation for
interference between S. frutescens and IPT might be antioxidant/radical quenching properties
of S. frutescens [30-33] which could block the proposed mechanisms of action of isoniazid
[34]. This requires further study but, if experimentally supported, could substantially advance
strategies for the prevention of tuberculosis and reduce development of drug resistance in
regions where TCAM use occurs concurrently with IPT.

This study has several limitations. Asymptomatic HIV-positive adults were enrolled at a sin-
gle site in KwaZulu-Natal. Inclusion of participants with more advanced HIV disease may have

Table 4. Changes in CD4 T-lymphocyte count and HIV viral load over time in the combined Stage 1 and Stage 2 analysis S. frutescens 1,200 mg

(N =54) and placebo (N = 53).

HIV Measures

CD4 count T-lymphocyte cells/pL
S. frutescens

Placebo

Viral Load log,o copies/mL

S. frutescens

Placebo

Baseline Week 12 Week 24 P-value”
Mean (SD) Mean (SD) Mean (SD)

0.632
524 (142) 496 (174) 474 (155)
535 (135) 529 (167) 517 (186)

0.829
4.08 (0.60) 4.05 (0.65) 3.91 (0.74)
4.06 (0.63) 3.84 (0.79) 3.87 (0.69)

*P-value for interaction effect of groups over time.

doi:10.1371/journal.pone.0128522.1004
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changed study findings in unpredictable ways; however known interactions between S. frutes-
cens and antiretroviral medications precluded their inclusion in this study [27, 28]. Inclusion of
participants with diabetes and/or adrenal imbalances may have revealed other effects of S. fru-
tescens but was outside the scope of this study [35, 36]. The majority of participants in this
study were women; this gender bias for enrolment in clinical studies is a limiting factor, but has
been observed in multiple other contexts. Further, different ways of preparing S. frutescens for
consumption may alter the chemistry and availability of any bioactive components.

Based on data from Stage 1, duration of infection and BOI were used as secondary end-
points in Stage 2. Data on duration of infection therefore needed to be retrospectively collected
from Stage 1 source documents using adverse event start/stop dates. Monitoring for infectious
events was less intense in Stage 1 and the duration of infection relied on participant recollection
at scheduled study visits. However these limitations would have equally affected both arms of
the study in Stage 1 participants whose data were carried forward into the final analysis and
data on infection events requiring hospitalization or antibiotic treatment would have been cap-
tured. Data from this study suggests that S. frutescens at doses of up to 2,400 mg daily does not
causes significant adverse effects in HIV seropositive adults; however possible interactions
between S. frutescens and isoniazid require further study.

Supporting Information

S$1 CONSORT Checklist. CONSORT Checklist.
(PDEF)

S1 Fig. Photograph of S. frutescens taken at the Kirstenbosch National Botanical Garden,
Cape Town
(PDF)

S1 Table. Inclusion and exclusion criteria
(DOCX)

S1 Text. Management of data on duration of infection
(PDF)

S2 Table. Baseline and Week 24 electrocardiogram intervals in the Stage 2 analysis S. frutes-
cens 1,200 mg (N = 36) and placebo (N = 34)
(DOCX)

$3 Table. Comparison of adverse events by system in the Stage 2 analysis S. frutescens 1,200
mg (N = 39) and placebo (N = 38)
(DOCX)

S4 Table. Weight and body fat over time in the combined Stage 1 and Stage 2 analysis S.
frutescens 1,200 mg (N = 54) and placebo (N = 53)
(DOCX)

S5 Table. Quality of life scores in the combined Stage 1 and Stage 2 analysis S. frutescens
1,200 mg (N = 54) and placebo (N = 53)
(DOCX)

S$1 Protocol. Trial Protocol.
(PDF)

PLOS ONE | DOI:10.1371/journal.pone.0128522 July 17,2015 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0128522.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0128522.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0128522.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0128522.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0128522.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0128522.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0128522.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0128522.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0128522.s009

@’PLOS ‘ ONE

Sutherlandia frutescens in HIV Seropositive Adults

Acknowledgments

This study was registered with the U.S. National Institutes of Health (Clinical Trial Number
NCT00549523). The full protocol is available at http://hdL.handle.net/10355/41487.

The study funded by Grant U19 AT003264 (PI W Folk) from the National Center for Com-
plementary and Alternative Medicines, the Office of Dietary Supplements and the Fogarty
International Center, National Institutes of Health. The content is solely the responsibility of
the authors and does not necessarily represent the official views of the sponsors. We gratefully
acknowledge the contributions and support of the study participants, and many in the Interna-
tional Center for Indigenous Phytotherapy Studies, the University of Cape Town, the Univer-
sity of the Western Cape where the study was based, and the University of Missouri.

We appreciate the support of the KwaZulu-Natal Department of Health, the Data Safety
Monitoring Board (M. Blockman, C. Orrell, R. Madsen, D. Ngubane, A. Dhai), G Maartens,
KwaZulu-Natal Traditional Health Practitioners (T.D. Buthelezi, S.W. Ndlovu, V.F. Shange,
M.A. Thabethe, D.A. Mkhwanazi, B.L Nkomo-Gwala, T. Hlongwane, T. Mdlalose), and M.E
Makhathini (liaison), D Shoemaker and K Rudeen (University of Missouri,) and K Doherty
(Vanderbilt University).

Edendale Research Team: Z Magcaba, L Maziya, L Ngubane, L Mbhele, W Hall, L Bishop, B
Thembela.

Author Contributions

Conceived and designed the experiments: DW KG KW MMG NG JS PB QJ WRE. Performed
the experiments: DW KG KW MMG JS PB. Analyzed the data: KW DW. Contributed
reagents/materials/analysis tools: JS QJ. Wrote the paper: DW KG KW MMG NG JS PB QJ
WREF.

References

1. Statistics South Africa. Mid-year population estimates 2013. Available: http://beta2.statssa.gov.za/
publications/P0302/P03022013.pdf

2. Department of Health, Republic of South Africa. The South African antiretroviral treatment guidelines
2013. Available: http://www.sahivsoc.org/upload/documents/2013%20ART%20Guidelines-Short%
20Combined%20FINAL%20draft%20guidelines%2014%20March%202013.pdf

3. Bassett|V, Wang B, Chetty S, Mazibuko M, Bearnot B, Giddy J, et al. Loss to care and death before
antiretroviral therapy in Durban, South Africa. J Acquir Inmune Defic Syndr. 2009 Jun 1; 51(2):135-9.
PMID: 19504725

4. BassettlV,Regan S, Chetty S, Giddy J, Uhler LM, Holst H, et al. Who starts antiretroviral therapy in
Durban, South Africa?. .. not everyone who should. AIDS. 2010:Suppl 1: : S37—44. doi: 10.1097/01.
aids.0000366081.91192.1c PMID: 20023438

5. KatzIT, Essien T, Marinda ET, Gray GE, Bangsberg DR, Martinson NA, et al. Antiretroviral therapy
refusal among newly diagnosed HIV-infected adults. AIDS. 2011 25(17): 2177-81. doi: 10.1097/QAD.
0b013e32834b6464 PMID: 21832935

6. Nglazi MD, Lawn SD, Kaplan R, Kranzer K, Orrell C, Wood R, et al. Changes in programmatic out-
comes during 7 years of scale-up at a community-based antiretroviral treatment service in South Africa.
J Acquir Immune Defic Syndr. 2011; 56(1): e1-8. doi: 10.1097/QAI.0b013e3181ff0bdc PMID:
21084996

7. Assembly of Heads of State and Government. Decisions and declarations. Lusaka: Assembly of Heads
of State and Government, Thirty-seventh Ordinary Session / Fifth Ordinary Session of the AEC; 2001.
Available: http://www.au2002.gov.za/docs/summit_council/ahg.pdf. Accessed 2015 May 9.

8. Peltzer K. Traditional Health Practitioners in South Africa. Lancet. 2009: 374(9694): 957—7. doi: 10.
1016/S0140-6736(09)61244-7 PMID: 19709730

9. Peltzer K. Utilization and practice of traditional/complementary/alternative medicine (TM/CAM) in South
Africa. Afr J Tradit Complement Altern Med. 2009; 6(2): 175-85. PMID: 20209010

PLOS ONE | DOI:10.1371/journal.pone.0128522 July 17,2015 12/14


http://hdl.handle.net/10355/41487
http://beta2.statssa.gov.za/publications/P0302/P03022013.pdf
http://beta2.statssa.gov.za/publications/P0302/P03022013.pdf
http://www.sahivsoc.org/upload/documents/2013%20ART%20Guidelines-Short%20Combined%20FINAL%20draft%20guidelines%2014%20March%202013.pdf
http://www.sahivsoc.org/upload/documents/2013%20ART%20Guidelines-Short%20Combined%20FINAL%20draft%20guidelines%2014%20March%202013.pdf
http://www.ncbi.nlm.nih.gov/pubmed/19504725
http://dx.doi.org/10.1097/01.aids.0000366081.91192.1c
http://dx.doi.org/10.1097/01.aids.0000366081.91192.1c
http://www.ncbi.nlm.nih.gov/pubmed/20023438
http://dx.doi.org/10.1097/QAD.0b013e32834b6464
http://dx.doi.org/10.1097/QAD.0b013e32834b6464
http://www.ncbi.nlm.nih.gov/pubmed/21832935
http://dx.doi.org/10.1097/QAI.0b013e3181ff0bdc
http://www.ncbi.nlm.nih.gov/pubmed/21084996
http://www.au2002.gov.za/docs/summit_council/ahg.pdf
http://dx.doi.org/10.1016/S0140-6736(09)61244-7
http://dx.doi.org/10.1016/S0140-6736(09)61244-7
http://www.ncbi.nlm.nih.gov/pubmed/19709730
http://www.ncbi.nlm.nih.gov/pubmed/20209010

@’PLOS ‘ ONE

Sutherlandia frutescens in HIV Seropositive Adults

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

Peltzer K, Preez NF, Ramlagan S, Fomundam H. Use of traditional complementary and alternative
medicine for HIV patients in KwaZulu-Natal, South Africa. BMC Public Health. 2008; 8: 255. doi: 10.
1186/1471-2458-8-255 PMID: 18652666

Littlewood RA, Vanable PA. Complementary and alternative medicine use among HIV-positive people:
research synthesis and implications for HIV care. AIDS Care. 2008; 20(8): 1002—18. doi: 10.1080/
09540120701767216 PMID: 18608078

Van Wyk BE, Albrecht C. A review of the taxonomy, ethnobotany, chemistry and pharmacology of
Sutherlandia frutescens (Fabaceae). J Ethnopharmacol. 2008; 119(3): 620-9. doi: 10.1016/j.jep.2008.
08.003 PMID: 18761068

Leserman J. HIV disease progression: depression, stress, and possible mechanisms. Biol Psychiatry.
2003; 54: 295-306. PMID: 12893105

Seier JV, Mdhluli M, Dhansay MA, Loza J, Laubscher R. A toxicity study of Sutherlandia leaf powder
(Sutherlandia microphylla) consumption. Final report: April 2002. Medical Research Council of South
Africa and National Research Foundation. Available: http://www.sahealthinfo.co.za/traditionalmeds/
cancerbush2.pdf. Accessed 2015 May 9.

Johnson Q, Syce J, Nell H, Rudeen K, Folk WR. A randomized, double-blind, placebo-controlled trial of
Lessertia frutescens in healthy adults. PLoS Clin Trials. 2007; 2(4): e16. PMID: 17476314

World Health Organization, Regional Office for Africa. Progress report on a decade of traditional medi-
cine in the African region. 2011. Available: www.afro.who.int/index.php?option = com_docman&task =
doc. Accessed 2015 May 9.

South African National AIDS Council. National Strategic Plan for HIV and AIDS, STls and TB 2012—
2016. www.sanac.org.za/nsp/the-national-strategic-plan. Accessed 2015 May 9.

Department of Health, Republic of South Africa. The 2010 national antenatal sentinel HIV and syphilis
prevalence survey in South Africa. Available: http://www.gov.za/sites/www.gov.za/files/hiv_aids_
survey_0.pdf. Accessed 2015 May 9.

Simon R, Wittes R, Ellenberg S. Randomized Phase Il Clinical Trials. Cancer Treatment Reports. 1985;
69(12): 1375-1381. PMID: 4075313

Steinberg S, Venzon D. Early selection in a randomized phase Il clinical trial. Statistics in Medicine.
2002;21: 1711-1726. PMID: 12111907

National Center for Complementary and Alternative Medicine. NCCAM Policy: Natural Product Integrity
(2013). Available: http://nccam.nih.gov/research/policies/naturalproduct.htm. Accessed 2015 May 9.

Medicines Control Council, Department of Health, Republic of South Africa. Complementary medi-
cines—quality, safety and efficacy (2013). Available: http://www.pharmacos.co.za/downloads/7%2001_
CAMs_QSE_Aug11_v1_5_draft(2).pdf. Accessed 2015 May 9.

Wu AW, Revicki DA, Jacobson D, Malitz FE. Evidence for reliability, validity and usefulness of the Medi-
cal Outcomes Study HIV Health Survey (MOS-HIV). Quality of Life Research. 1997; 6: 481-493. PMID:
9330549

Goggin K, Ggaleni N, Mbhele AL, Makhathini ME, Buthelezi TD, Ndlovu SW, et al. The translation and
cultural adaptation of patient-reported outcome measures for a clinical study involving Traditional
Health Providers and biomedically trained practitioners. Alternation. 2010; 17: 273—-294. PMID:
25309104

Brown DL, Naiki M, Gershwin ME. Does L-canavanine ingestion induce murine SLE? Paradoxical
effects on survival of BALB/c. Journal of Nutritional Immunology. 2001; 5: 17-27.

National Institutes of Health. Division of AIDS table for grading the severity of adult and pediatric
adverse events version 1, December 2004, clarification August 2009. National Institutes of Health. Divi-
sion of AIDS table for grading the severity of adult and pediatric adverse events version 1, December
2004, clarification August 2009. http:/rsc.tech-res.com/Document/safetyandpharmacovigilance/
Table_for_Grading_Severity_of_Adult_Pediatric_Adverse_Events.pdf. Accessed 2014 September 21.

Mills E, Foster BC, van Heeswijk R, Phillips E, Wilson K, Leonard B, et al. Impact of African herbal med-
icines on antiretroviral metabolism. AIDS. 2005; 19(1): 95-7. PMID: 15627040

Minocha M, Mandava NK, Kwatra D, Pal D, Folk WR, Earla R, et al. Effect of short term and chronic
administration of Sutherlandia frutescens on pharmacokinetics of nevirapine in rats. Int J Pharm. 2011;
413(1-2): 44-50. doi: 10.1016/j.ijpharm.2011.04.051 PMID: 21545833

Mills E, Cooper C, Seely D, Kanfer I. African herbal medicines in the treatment of HIV: Hypoxis and
Sutherlandia. An overview of evidence and pharmacology. Nutr J. 2005; 4: 19. PMID: 15927053

Fernandes AC, Cromarty AD, Albrecht C, van Rensburg CE. The antioxidant potential of Sutherlandia
frutescens. J Ethnopharmacol. 2004; 95(1): 1-5. PMID: 15374599

Katerere DR, Eloff JN. Antibacterial and antioxidant activity of Sutherlandia frutescens (Fabaceae), a
reputed anti-HIV/AIDS phytomedicine. Phytother Res. 2005; 19(9): 779-81 PMID: 16220570

PLOS ONE | DOI:10.1371/journal.pone.0128522 July 17,2015 13/14


http://dx.doi.org/10.1186/1471-2458-8-255
http://dx.doi.org/10.1186/1471-2458-8-255
http://www.ncbi.nlm.nih.gov/pubmed/18652666
http://dx.doi.org/10.1080/09540120701767216
http://dx.doi.org/10.1080/09540120701767216
http://www.ncbi.nlm.nih.gov/pubmed/18608078
http://dx.doi.org/10.1016/j.jep.2008.08.003
http://dx.doi.org/10.1016/j.jep.2008.08.003
http://www.ncbi.nlm.nih.gov/pubmed/18761068
http://www.ncbi.nlm.nih.gov/pubmed/12893105
http://www.sahealthinfo.co.za/traditionalmeds/cancerbush2.pdf
http://www.sahealthinfo.co.za/traditionalmeds/cancerbush2.pdf
http://www.ncbi.nlm.nih.gov/pubmed/17476314
http://www.afro.who.int/index.php?option�=�com_docman&amp;task�=�doc
http://www.afro.who.int/index.php?option�=�com_docman&amp;task�=�doc
http://www.sanac.org.za/nsp/the-national-strategic-plan
http://www.gov.za/sites/www.gov.za/files/hiv_aids_survey_0.pdf
http://www.gov.za/sites/www.gov.za/files/hiv_aids_survey_0.pdf
http://www.ncbi.nlm.nih.gov/pubmed/4075313
http://www.ncbi.nlm.nih.gov/pubmed/12111907
http://nccam.nih.gov/research/policies/naturalproduct.htm
http://www.pharmacos.co.za/downloads/7%2001_CAMs_QSE_Aug11_v1_5_draft(2).pdf
http://www.pharmacos.co.za/downloads/7%2001_CAMs_QSE_Aug11_v1_5_draft(2).pdf
http://www.ncbi.nlm.nih.gov/pubmed/9330549
http://www.ncbi.nlm.nih.gov/pubmed/25309104
http://rsc.tech-res.com/Document/safetyandpharmacovigilance/Table_for_Grading_Severity_of_Adult_Pediatric_Adverse_Events.pdf
http://rsc.tech-res.com/Document/safetyandpharmacovigilance/Table_for_Grading_Severity_of_Adult_Pediatric_Adverse_Events.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15627040
http://dx.doi.org/10.1016/j.ijpharm.2011.04.051
http://www.ncbi.nlm.nih.gov/pubmed/21545833
http://www.ncbi.nlm.nih.gov/pubmed/15927053
http://www.ncbi.nlm.nih.gov/pubmed/15374599
http://www.ncbi.nlm.nih.gov/pubmed/16220570

@’PLOS ‘ ONE

Sutherlandia frutescens in HIV Seropositive Adults

32.

33.

34.

35.

36.

Jiang J, Chuang DY, Zong Y, Patel J, Brownstein K, Lei W, et al. Sutherlandia frutescens Ethanol
Extracts Inhibit Oxidative Stress and Inflammatory Responses in Neurons and Microglial Cells. PLoS
One. 2014; 9(2): €89748. doi: 10.1371/journal.pone.0089748 PMID: 24587007

Tobwala S, Fan W, Hines CJ, Folk WR, Ercal N, Antioxidant potential of Sutherlandia frutescens and its
protective effects against oxidative stress in various cell cultures; BMC Complementary and Alternative
Medicine. 2014; 14: 271-282. doi: 10.1186/1472-6882-14-271 PMID: 25070435

Timmins GS, Deretic V. Mechanisms of action of isoniazid. Mol Microbiol. 2006; 62(5): 1220—7. PMID:
17074073

MacKenzie J, Koekemoer T, van de Venter M, Dealtry G, Roux S. Sutherlandia frutescens limits the
development of insulin resistance by decreasing plasma free fatty acid levels. Phytother Res. 2009; 23
(11): 1609-14. doi: 10.1002/ptr.2830 PMID: 19370539

Prevoo D, Swart P, Swart AC. The influence of Sutherlandia frutescens on adrenal steroidogenic cyto-
chrome P450 enzymes. J Ethnopharmacol. 2008 Jun 19; 118(1):118—-26 doi: 10.1016/j.jep.2008.03.
019 PMID: 18485640

PLOS ONE | DOI:10.1371/journal.pone.0128522 July 17,2015 14/14


http://dx.doi.org/10.1371/journal.pone.0089748
http://www.ncbi.nlm.nih.gov/pubmed/24587007
http://dx.doi.org/10.1186/1472-6882-14-271
http://www.ncbi.nlm.nih.gov/pubmed/25070435
http://www.ncbi.nlm.nih.gov/pubmed/17074073
http://dx.doi.org/10.1002/ptr.2830
http://www.ncbi.nlm.nih.gov/pubmed/19370539
http://dx.doi.org/10.1016/j.jep.2008.03.019
http://dx.doi.org/10.1016/j.jep.2008.03.019
http://www.ncbi.nlm.nih.gov/pubmed/18485640

