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ABSTRACT Oxihumate is formed through conversion of bituminous coal by controlled wet oxidation.
The objective of the study, based on in vitro studies, was to evaluate the safety and toxicity profile of
oxihumate at various doses in HIV-1-infected individuals. Thirty-seven antiretroviral-naı̈ve adults were
randomized in a double-blind study to dosages of either 2, 4, 6, or 8 g oxihumate or placebo per day and
treated for 2 weeks. The baseline CD4-positive lymphocyte count was 213–570�106/L and baseline viral
load 675–275,000 copies/ml. Patients were reviewed at days 5, 10, and 15, as well as 1 week
posttreatment. Of the 37 patients, 35 were followed up until the end of the study. None of the adverse
events was thought to be related to the investigative drug. Efficacy parameters were compared between
treatment groups at week 2 using analysis of covariance (with baseline value for a patient as the covariant).
Strong evidence (P¼ 0.018) was found that the posttreatment weight differed between treatment groups
(adjusted for initial weight). All active treatment groups gained weight compared to the placebo. No
significant difference in the viral load or CD4-positive lymphocyte count between the active ingredient
and the placebo was found. None of the biochemical and hematological parameters differed significantly
from the baseline at end of treatment. In conclusion, oxihumate is well tolerated, with an excellent safety
profile when tested over a period of 2 weeks. This period was too short to establish efficacy or optimum
dosage levels. Drug Dev. Res. 57:34–39, 2002. �c 2002 Wiley-Liss, Inc.
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INTRODUCTION

Humic acids are formed during the decomposi-
tion of organic matter and can therefore be found in
practically all natural environments in which organic
materials and microorganisms are, or have been,
present [Visser, 1973].

Antiviral properties, at a concentration of 100 mg/
ml of ammonium humate in vitro, have been described
by Thiel et al. [1977], resulting in the successful use of
this agent as a topical treatment for herpes virus-
induced skin diseases [Klöcking et al., 1983]. Schneider
et al. [1996] reported on the in vitro anti-HIV activity of
synthetic humate analogs derived from hydroquinone.
These compounds inhibited HIV-1 infection of MT-2

cells with an impressively low IC50 of 50–300 ng/ml.
The infectivity of HIV particles was inhibited by
interference with the CD4-induced proteolytic clea-
vage of the V3 loop of virion gp120SU.
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Humic acids (sold under the trade name of
Huminit) have been used in medicines for the
treatment of hyperacidity and other gastric distur-
bances in humans [Gramsch, 1961; Reichert, 1966].
Humic acids have also been used as antiinflammatory
agents because of their local antiinflammatory, hypere-
mic, and analgesic properties [Brandt, 1964; Eichels-
dörfer, 1976] and in the treatment of anemia,
hypercholesterolemia [Soloveyva and Lotosch, 1984],
and Von Willebrand’s disease [Lopez-Fernandez et al.,
1992]. No unfavorable side effects have been observed
at dosages of up to 1.8 g per day.

Oxihumate, produced from coal, has not been
used to treat humans before, but has been tested
extensively on animals (Progress Report: Biocon (Pty)
Ltd, Pretoria, South Africa, July, 1999). No major
toxicity was detected. According to subchronic
toxicity studies in animals, only slight alterations in
blood chemistry have been noted at dosages above
100 mg/kg. Twelve percent of oxihumate, administered
orally to a baboon, appears in the blood pool
(pharmacokinetic study with oxihumate on baboons: I
Dormehl, Atomic Energy Corporation Institute for
Life Sciences, Pretoria, South Africa, December, 1997).
Thus, a dosage of 2,000 mg, i.e., 28.5 mg/kg, would
theoretically produce a serum level of 48 mg/ml in
human adults. This level is well within the concentra-
tion range where in vitro anti-HIV activity was
observed [Van Rensburg et al., 2002]. The half-life of
oxihumate, indicated by pharmacokinetic studies,
appears to be 24 hr.

A South African company (Enerkom (Pty) Ltd)
has developed a unique process to convert bituminous
coal by controlled wet oxidation, followed by base
treatment to form water-soluble oxihumates [Bergh
et al., 1997].

Oxihumate possesses immunostimulatory proper-
ties (data submitted), as well as antiviral activity, as was
the case with synthetic humate analogs [Scheider et al.,
1996], by inhibiting HIV-1 infection of MT-2 cells by
interference with a V3 loop-mediated step of virus
entry [Van Rensburg et al., 2002].

Antiretroviral therapy, which is the standard of
care in the Western world, is not accessible for
most patients in Africa and more affordable
treatment options have to be explored. A drug
that shows antiretroviral properties should therefore
be investigated in clinical studies in HIV-positive
patients.

Based on previous studies, we hypothesized that
oxihumate possesses immunostimulatory and anti-HIV
properties and should therefore be therapeutically
effective in HIV-infected patients. The objective of this
study was to investigate the safety and toxicity profile of

oxihumate at various doses up to 8 g/day in HIV-1-
infected patients.

SUBJECTS AND METHODS

Study Design

In this prospective, double-blind, randomized
study, oxihumate was compared with placebo for safety
during a 2-week period on a cohort of patients from the
Immunology Clinic at Kalafong Hospital, Pretoria,
South Africa.

The study was approved by the Ethics Committee
of the University of Pretoria, as well as the Medicines
Control Council of South Africa. The study was
conducted in accordance with the Declaration of
Helsinki and ICH-GCP Guidelines. Before enrollment,
all patients signed an informed consent form that had
been approved by the Ethics Committee of the
University of Pretoria.

Study Population

The key eligibility criteria were serologically
proven HIV-1 infection, age 18 years or older, CD4-
positive lymphocyte counts between 200–500� 106/L,
and HIV-1 RNA between 500 and 500,000 copies/ml.
Patients had to have a life expectancy of more than
3 months, a World Health Organization (WHO)
performance status score of o3, and a Karnofsky
index of 480.

Patients had to be in a stable clinical condition,
with no opportunistic infection at onset or 4 weeks
prior to entry into the study. Exclusion criteria were
prior exposure to antiretroviral agents, immunomodu-
latory agents, immunosuppressive agents, and/or radio-
therapy. Patients with a history of drug or alcohol abuse
or in need of psychiatric treatment were excluded.
Patients with liver enzymes 43 times upper limit of
normal (ULN) or renal functions 42 ULN were also
excluded.

Women of childbearing potential were required
to use barrier contraception during the study. Pregnant
or lactating women were excluded.

Study Medication

Oxihumate is available in 500 mg capsules. There
were four treatment groups in the study: 2, 4, 6, and 8 g
oxihumate per day. Patients were enrolled into one
treatment group at a time, starting with the lowest
dosage. In every group, seven patients were rando-
mized to the active ingredient and two to the placebo.
The patients took the capsules under supervision of the
study staff twice daily with balanced meals for 2 weeks.
The study period was limited to 2 weeks since
oxihumate had not been tested before in a clinical
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study. Patients would be removed from the study if
intolerance or toxicity occurred. There was no alter-
native treatment available.

Study Procedures

Eligibility screening included a history and
complete physical examination, performance status
evaluation, CD4-positive lymphocyte count, viral load
(NucliSense NASBA amplification method), full blood
count, electrolytes, urea, creatinine, and tests of liver
function. At day 0 (baseline) the CD4-positive lym-
phocyte count and viral load were repeated. The CD4-
positive lymphocyte and viral load pretreatment values
were calculated as the mean of the screening and
baseline values. Follow-up visits were scheduled for
days 5, 10, 15, and 21 (1 week posttreatment). At
follow-up the physical examination, performance status
evaluation, CD4-positive lymphocyte count, viral load,
and hematological and serum chemistry panels were
repeated.

Statistical Analysis

All data were recorded into case report forms.
The blind was kept throughout the study. Study
endpoints were new clinical AIDS-defining conditions,
death, and development of drug-related toxicities. The
safety analysis included all patients who initiated
treatment (intent-to-treat population).

RESULTS

Demographic and Clinical Characteristics of Patients

The baseline characteristics of the patients in
each of the dosage groups are presented in Table 1.
Fifty-seven patients were screened and 37 patients, 11
males and 26 females, were enrolled between February
and October 1999. In all of the groups nine patients
were enrolled, except for the 6-g group, where one
extra patient was enrolled to replace one patient that
dropped out after work-related circumstances pre-
vented her from continuing in the study. The median
age was 33 (range 18–58). The baseline median CD4-
positive lymphocyte count was 327 (range 213–
569)� 106/L and baseline median viral load 21,500
copies HIV-1 RNA/ml plasma (range 675–275,000).
Karnofsky score index was 80–100 and WHO perfor-
mance status 0–1.

Subject Accountability

Of the 37 patients, 35 (94%) were followed until
the end of study (1 week posttreatment). One patient
(3%) in the 6-g group dropped out during the first
week of treatment for reasons unrelated to oxihumate
treatment and one patient in the 2-g group (3%) had a
serious adverse event (death) that was unrelated to
study medication use.

Safety Parameters

The study focused on safety and tolerability.
Safety parameters (chemistry and hematology) were

TABLE 1. Baseline Characteristics of the Patients in Each of the Dosage Groups

Baseline characteristic Placebo 2g/day 4g/day 6g/day 8g/day

Number 8 7 7 8 7
Male:Female 2:6 2:5 3:4 2:6 2:5
Mean age 32 30 39 30 26
Age range 25–58 20–40 25–45 19–45 18–43
Median Karnofsky performance 85 90 90 95 100
Range Karnofsky performance 80–100 80–100 90–100 80–100 90–100
Median CD4 335 327 341 312 321
Range CD4 225–475 213–570 250–477 248–410 274–486
Median HIV viral load (log) 4.61 4.07 4.33 4.62 4.31
Range HIV viral load (log) 3.08–5.41 2.83–5.18 3.63–5.44 3.67–5.4 4.08–5.13
Time since first HIV-1 antibody detection (months) 1–51 0–37 2–53 1–44 0–25
Median time since first HIV-1 antibody detection (months) 30 8 16 14 16
History of HIV-related disease
Herpes simplex mucocutaneous ulceration 1 1
Mycobacterium tuberculosis, pulmonary 2 1 2
Candidiasis, oral 2 2 1
Candida vaginitis/perineal Candidiasis 1 2 1 2 1
Herpes zoster (shingles) 1 2
Chronic diarrhea 1 1
HIV-related neuropathy 2
Bacterial pneumonia 2
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compared between treatment groups at week 2 using
analysis of covariance (with baseline value for a patient
as the covariant). Chemistry included urea, creatinine,
uric acid, electrolytes, liver enzymes, bilirubin, lactate
dehydrogenase, glucose, and cholesterol. None of the
biochemical parameters such as serum-AST (Fig. 1),
and urea levels (Fig. 2), or the hematological para-
meters such as hemoglobin (Fig. 3) differed signifi-
cantly from the baseline at end of treatment.

Tolerability

Treatment was well tolerated. One patient in the
oxihumate 4 g/day group and one patient in the

oxihumate 8 g/day group developed headache,
but both patients had a background history
of headache. One patient in the placebo group
experienced vomiting. One patient in the oxihumate
2 g/day group experienced an episode of diarrhea
that was probably not related to the study
medication.

Progression to Study Endpoints

No AIDS-defining conditions occurred during
the study or 1-week follow-up. One death occurred on
day 8 in the oxihumate 2 g/day group due to S.
pneumoniae septicemia.

Fig. 1. Serum-AST level of HIV positive patients during a 2-week
treatment with oxihumate.

Fig. 2. Urea level of HIV-positive patients during a 2-week treatment
with oxihumate.

Fig. 3. Hemoglobin level of HIV-positive patients during a 2-week
treatment with oxihumate.

Fig. 4. Weight of HIV-positive patients on a 2-week treatment of
oxihumate, expressed as a percentage of their average weight before
treatment.
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Preliminary Efficacy Results

Efficacy parameters were compared between
treatment groups at week 2 using analysis of covariance
(with baseline value for a patient as the covariant).
Strong evidence (P¼ 0.018) was found that the
posttreatment weight differed between treatment
groups (adjusted for initial weight). All four of the
active treatment groups gained weight compared to the
placebo (Fig. 4). There was no clinical difference in the
viral load or CD4-positive lymphocyte count between
the active ingredient and the placebo (results not
shown).

Intercurrent Infections

All the intercurrent infections that occurred
during the study are listed in Table 2. One death
occurred during the study due to S. pneumoniae
pneumonia and septicemia.

DISCUSSION

Oxihumate, a water-soluble humate derived from
coal, increases the activity of the IL-2-producing TH1

cells, while decreasing TH2-associated cytokine pro-
duction in vitro (data submitted elsewhere). Further-
more, it has been shown that oxihumate, as was the
case for synthetic humate [Scheider et al., 1996],
inhibited the infectivity of HIV particles by inter-
ference with a V3 loop-mediated step of virus entry
[Van Rensburg et al., 2002]. The antiviral property,
together with lack of resistant build-up [Van Rensburg
et al., 2002], and the very positive results obtained with
toxicity studies in animals, motivated us to proceed
with a Phase I study with oxihumate in HIV-infected
individuals.

Although humic acids have previously been used
as a treatment in various medical conditions with
proven safety [Gramsch, 1961; Reichert, 1966; Brandt,
1964; Eichelsdörfer, 1976; Soloveyva et al., 1984;
Lopez-Vernandez et al., 1992], this is the first clinical
study that was undertaken with oxihumate.

This is the first report regarding the safety,
tolerability, and preliminary efficacy of oxihumate in
patients with HIV infection. In view of the small
number of patients involved, the study should primarily
be considered a safety and tolerability study.

The short-term safety profile of oxihumate was
established in this study without any doubt. Oxihumate
had no detrimental effects on any of the biochemical or
hematological parameters up to a dosage of 8 g per day
for 2 weeks. A significant increase in weight was seen at
all four dosage levels in the active drug group as
compared to the placebo group. Larger clinical trials

should be undertaken to confirm these very prelimin-
ary, yet encouraging, results. However, no change in
either viral load or CD4-positive lymphocyte count was
observed. An expanded study involving an increase in
patient numbers with a longer follow-up time to
observe any significant changes in these markers will
be necessary.
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editor. Moor- und Torfkunde. Stuttgart: Schweizerbart.

Gramsch H. 1961. Ein Beitrag zur Behandlung der Gastropathien.
Med Monatsschr 15:658–687.
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Reichert B. 1966. Huminsäuren und ihre Derivate in der modernen
Therapie. Dtsch Apoth 18:204–206.

Scheider J, Weis, R, Manner C, Kary B, Werner A, Seubert BJ,
Riede UN. 1996. Inhibition of HIV-1 in cell culture by synthetic

TABLE 2. Intercurrent Infections That Occurred During the Study

Endpoint Placebo 2g/day 4g/day 6g/day 8g/day

Oral candidiasis 1
Pneumonia 1n

Upper respiratory
tract infection

2

Perineal ulceration 1

*Serious adverse event (hospital admission and death).

38 BOTES ET AL.



humate analogues derived from hydroquinone: mechanism of
inhibition. Virology 218:389–395.

Soloveyva VP, Lotosh TD. 1984. Biologically active peat substances-
body resistance stimulators. Proc 7th Int Peat Congress, Dublin,
4. p 420–434.
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