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Abstract—The effects of brown coal derived potassium humate on lymphocyte proliferation, cyto-
kine production and complement activation were investigated in vitro. Potassium humate increased
lymphocyte proliferation of phytohaemaglutinin A (PHA) and pokeweed mitogen (PWM) stimu-
lated mononuclear lymphocytes (MNL) in vitro from concentrations of 20 to 80 μg/ml, in a dose
dependant manner. On the other hand potassium humate, at 40 μg/ml, significantly inhibited the
release of TNF-α, IL-1β, IL-6 and IL-10 by PHA stimulated MNL. Regarding complement activa-
tion it was found that potassium humate inhibits the activation of both the alternative and classical
pathways without affecting the stability of the red blood cell membranes. These results indicate that
the anti-inflammatory potential of potassium humate could be partially due to the inhibition of pro-
inflammatory cytokines responsible for the initiation of these reactions as well as inhibition of
complement activation. The increased lymphocyte proliferation observed, might be due to increased
IL-2 production as previously been documented.
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INTRODUCTION

Humates have been described to possess antibacterial,
anti-ulcerogenic, anti-allergic and anti-inflammatory
properties [1].

An in vitro study of oxihumate, a water-soluble
humate obtained through a wet oxidation of bituminous
coal [2], increased the proliferation of phytohaemaglu-
tinin A (PHA) stimulated mononuclear lymphocytes
(MNL) obtained from healthy human volunteers as well
as from HIV infected individuals [3]. Similar results
were also obtained ex vivo. In this case MNL were
collected from HIV infected individuals following
administration of 4 g oxihumate per day for 2 weeks.
This increase in lymphocyte proliferation can possibly
be attributed to the increased production of IL-2 and
CD25. Oxihumate, on the other hand also caused a

decrease in complement receptor 3 (CR3) expression of
phorbol-12-myristate-13-acetate (PMA) stimulated hu-
man neutrophils as well as adhesion of PMA stimulated
human neutrophils to a baby hamster kidney cell line
expressing intracellular adhesion molecule-1 (ICAM-1)
[4]. These factors could possibly contribute to its anti-
inflammatory properties.

Oxihumate was provided by Enerkom (Pty) Ltd for
the above mentioned studies. Oxihumate was produced
by an expensive process of wet oxidation which has,
since then, been discontinued. The anti-inflammatory
properties of humate extracted from a brown coal source
was tested by van Rensburg et al. [5]. In this study it
was found that oral administration of 60 mg/kg of the
brown coal derived product, but not oxihumate, inhibits
the cutaneous hypersensitivity reaction in rats similar to a
known anti-inflammatory corticosteroid (i.e. prednisilone)
but with no signs of systemic toxicity. The mechanism of
action of this product still needs to be investigated.

In vitro studies were done to determine the effects
of brown coal derived from the above mentioned source
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on the activation of both the alternative and classical
pathways of complement as well as on the growth and
cytokine release of MNL.

MATERIALS AND METHODS

Reagents

Zymate, a potassium humate product, prepared from
brown coal (leonardite), was supplied by Unique Health
Trust (Milnerton, South Africa). Histopaque-1077, phy-
tohaemaglutinin A (PHA), pokeweed mitogen (PWM)
and 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium
bromide (MTT) were purchased from Sigma Diagnostics
(St Louis, MO, USA). RPMI 1640 (Bio Whittaker,
Walkersville, Maryland) was supplemented with 0.1%
glutamine, penicillin and streptomycin and 10% heat
inactivated foetal calf serum, at pH 7.2 (RPMI+).

Preparation of Peripheral Blood Mononuclear Cells

Blood was drawn by venipuncture from healthy
human volunteers into tubes containing heparin. The
MNL were separated from the buffy coat of healthy
volunteers by centrifugation on a Histopaque-1077
density gradient. The cells were washed three times
and re-suspended in RPMI 1640+ at a concentration of
2×106 cells/ml.

MNL Proliferation Assay

The lymphocyte proliferation assay was conducted
in round bottom 96 well microtiter plates. 100 μl of the
MNL suspension was added to all the wells containing
different concentrations of potassium humate (20–
100 μg/ml) and stimulated with either PHA or PWM
(2 μg/ml). The plates were incubated for 3 days in a
humidified atmosphere at 37°C of 5% CO2. After a
3 day incubation period, the cell viability was deter-
mined with the MTT staining method originally de-
scribed by Mosmann [6] with modifications [7].

Cytokine Assay

An MNL suspension was prepared and plates were
set up in a similar fashion as described above. Potassium
humate, at a final concentration of 40 μg/ml, was added
to the cell suspensions together with PHA as stimulant
and the plates incubated for 36 h. The plates were
centrifuged for 10 min at 400×g and the supernatants
assayed for IL-1β, IL-6, IL-8, IL-10, IL-12p70 and

TNF-α with the BD FACSArray™ flow cytometer using
the BD Cytometric Bead Array Ready-to-Use human
inflammation kit (BD Biosciences, San Jose, CA, USA)
according to the manufacture’s procedures included in
the kit.

Anti-complementary Activity Through
the Alternative Pathway

A modified method as described by Platts-Mills and
Ishizaka [8] was used. The assay was performed in
round bottom 96 well microtiter plates. A suspension
containing 3×108 rabbit erythrocytes/ml in ethylene
glycol tetra acetic acid (EGTA)–veronal buffered saline
(VBS) was prepared. A volume of 40 μl of human serum
diluted in EGTA-VBS to a predetermined concentration
to give 50% haemolyses of the rabbit erythrocytes (AH50

concentration) was added to all the experimental wells of
round bottom 96 well microtiter plates and pre-incubated
with 10 μl of a solution of potassium humate at various
concentrations for 60 min at 37°C. As a control, cells
were incubated in the absence of potassium humate.
After incubation 50 μl of the rabbit erythrocyte
suspension was added to all of the wells. Following a
second incubation step of 60 min at 37°C, 100 μl PBS
was then added to each well. The plates were
centrifuged for 10 min at 500×g and washed three
times with PBS. Finally, 180 μl of the supernatant were
aspirated, leaving a 20 μl pellet behind. A volume of
200 μl distilled water was added to each well. The plate
was incubated for 60 min at room temperature. After
incubation, 50 μl from each well was transferred to a
second microtiter plate and the optical density of the
supernatant measured at 405 nm wavelength with a
spectrophotometric plate reader. Percent haemolysis was
normalised by setting 100% lysis equal to the lysis
obtained by the total haemolytic control and 0% lysis
equal to the lysis obtained by the background
haemolysis control.

Anti-complementary Activity Through the Classical
Pathway

For this assay a suspension of sheep erythrocytes
(SE; 4×108/ml) were sensitized with anti-sheep
erythrocyte antibodies (Sigma Diagnostics, St Louis,
MO, USA) diluted in VBS-EDTA at a final dilution of
1:2,000. After a 20 min incubation at 37°C plus 20 min
at 4°C the SE were washed three times with VBS
containing 2 mM CaCl2 (VBS

2+) before use. A volume of
40 μl of human serum diluted in VBS2+ (at the pre-
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determined CH50 serum concentration) was pre-incubated
with potassium humate (at various concentrations) in a
round bottom 96 well microtiter plate for 60 min at 37°C.
In control wells, cells were incubated in the absence of
potassium humate. After incubation 50 μl of a suspension
of sensitized SE in VBS2+ (4×108/ml) were added to all
of the wells. Following a second incubation step of
60 min at 37°C, 100 μl phosphate buffered saline (PBS)
was then added to each well. The plate was then
centrifuged for 10 min at 500×g and washed with PBS.
Cell haemolysis was determined as described in the
previous section.

Red Blood Cell Stability Assay

The assay was performed in a 96well microtiter plate.
Briefly 40 μl of a suspension of 1×108/ml washed SE in
PBS was added to all the wells followed by 50 μl PBS. A
volume 10 μl potassium humate, at various concentrations
were then added to the experimental wells and 10 μl
distilled water was added to the control wells. The plate
was incubated for 30 min at 37°C. Fifty microlitres of a
lysophosphatidylcholine (LPC) solution (1 mg/ml) was
added to all the wells and the plate incubated for a further
5 min at which time partial haemolysis took place. After
incubation the plate was washed three times with PBS.
Two hundred microlitres of distilled water was added to
each well. The plate was then incubated for 60 min at room
temperature after which 50 μl from each well was
transferred to a new microtiter plate and the optical
density measured at 405 nm wavelength with a
spectrophotometric plate reader.

RESULTS

MNL Proliferation Assay

Potassium humate significantly increased the pro-
liferation of PHA-and PWM-stimulated but not resting
MNL in a concentration-dependant manner from 20 μg/ml
and higher, with a maximum stimulation at 80 μg/ml
(Fig. 1).

Cytokine Assay

The results shown in Fig. 2a–d represent the effects
of a 36 h treatment of potassium humate at 40 μg/ml on
the release of inflammatory associated cytokines by
resting and PHA stimulated MNL. It was observed that
potassium humate had no effect on cytokines released by

resting MNL. A decrease in the release of TNF-α, IL-
1β, IL-6 and IL-10 by PHA stimulated MNL was noted.
However, this product had no effect on the release of IL-
12p70 by resting or PHA stimulated MNL (results not
shown).

Anti-complementary Activity

Potassium humate inhibited the haemolysis induced by
both the alternative and classical pathways from 10 μg/ml
and higher in a dose related fashion (Figs. 3 and 4).

Red Blood Cell Stability Assay

Potassium humate at a concentration of 100 μg/ml
and less had no effect on the haemolysis of red blood
cells, exposed to LPC for 5 min at a concentration to
induce partial haemolysis (results not shown).

DISCUSSION

This is the first study to document the stimulatory
activity of a naturally occurring humate extracted from
brown coal on the proliferation of resting and PHA and
PWM stimulated human lymphocytes in vitro. These
results correlate with the results obtained by Jooné et al.,
[3]. However, in that study oxihumate was used.
Unfortunately, due to the complex structure of humic

Fig. 1. The effect of different concentrations of potassium humate on
resting and stimulated lymphocyte proliferation in vitro. Data are ex-
pressed as means±SEM. Statistical significance was calculated using
ANOVA, followed by the Bonferroni test for pair-wise comparisons
compared to control. *P<0.05, **P<0.001, ***P<0.0001.
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acid, it is not possible to comment on the structural
differences, if any, between the two products. T cell
proliferation in response to antigen recognition is
mediated primarily by an autocrine pathway, in which
the responding T cell secretes its own growth-promoting
cytokines and also expresses cell surface receptors for
these cytokines [9].

Although the complement system primarily protects
the host from infective microorganisms it is also an
important mediator of inflammation [10]. Inflammation
can be caused by an over activation of complement and
is characterized by redness, swelling, heat and pain
which usually involves both the humoral and cellular
effector systems. The role of complement in inflamma-

Fig. 2. The effect of potassium humate at 40 μg/ml on TNF-α (a), IL-1β (b), IL-6 (c) and IL-10 (d) release by resting and PHA
stimulated lymphocytes after 36 h incubation. Data are expressed as means±SEM. Statistical significance was calculated using
ANOVA, followed by the Bonferroni test for pair-wise comparisons compared to control. ***P<0.0001.

Fig. 3. The effect of potassium humate on the alternative complement
pathway. Data are expressed as means±SEM.
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tory diseases such as septic shock, graft rejection and
myocardial and intestinal ischemia/reperfusion injury
has been extensively researched [11].

In the case of arthritis complement activation of
both the classical and alternative pathways have been
associated with the formation of auto-antibodies against
joint components such as type II collagen [12]. In
myocardial infarction it has been noted that the products
of complement activation are responsible for neutrophil
infiltration, whereas the enzymes released by these
inflammatory cells induce vasodilatation and an increase
in vascular permeability. It can also influence the
coagulation system and induce apoptosis to surrounding
cells [13]. The important role complement plays in a
murine model of pulmonary allergy has been studied by
Drouin et al. [14]. Using mice deficient in C3, he
demonstrated that these mice, when challenged with an
allergen, showed a decrease in the development of
pulmonary allergy compared to the wild type mice.

Controlling complement activation with monoclonal
anti-C5 antibodies has been proven to be effective in
decreasing inflammation in animal models of experimen-
tal lupus erythematosus, rheumatoid arthritis and septic
shock [11]. Monoclonal antibodies directed against the
complement receptors CR3 and CR4 (CD18/CD11b,c)
have also been shown to protect dogs from myocardial
reperfusion injury.

The overexpression of inflammatory cytokines has
been described to be consequential in most inflammatory
diseases. An example of this is rheumatoid arthritis
(RA), where mRNA for IL-1, IL-6. IL8, IL-10 and TNF-α
has been detected in the synovial fluid of these patients
[15]. In this case IL-1 and TNF-α has been identified to
play a key role in the pathogenesis of not only RA, but also
in other inflammatory conditions. Anti-cytokine antibodies
and cytokine inhibitors have been successfully tested in

patients suffering from RA [16–19] and Crohns disease
[20].

Interestingly the role of C5a in the maturation of TNF-
α producing dendritic cells has been described by Soruri et
al. [21] indicating that inhibition of complement activation
could possibly lead to the inhibition of the release of
inflammatory cytokines. Furthermore C5a induces the
secretion of IL-1, TNF-α and IL-6 from monocytes and
macrophages emphasizing the relation between anaphyla-
toxins and proinflammatory cytokines [10].

Potassium humate inhibited both the alternative and
classical complement pathways in a dose related fashion
from 10 μg/ml and higher. The sheep red blood cell
membrane stability experiment demonstrated that the
product had no effect on cell membrane stability. It can
therefore be concluded that potassium humate specifically
inhibits the complement pathway without influencing the
cell membrane stability. The effects of potassium humate
on these pathways can be due to its binding properties
which could lead to the inactivation of particular
components of the complement system.

It has been shown that potassium humate is
effective in the treatment of contact hypersensitivity in
rats [5] and allergic rhinitis [22] and osteoarthritis of the
knee [23] in humans. The results from this study indicate
that inhibition of complement activation and the release
of inflammatory associated cytokines could play a role
in the mechanism by which potassium humate inhibits
inflammation.

In this study we demonstrated that potassium humate
inhibits the production of TNF-α, IL-1β and IL-6 by PHA
stimulated MNL. It can be argued that due to the binding
properties of humates to various molecules [24], potassium
humate might have prevented the binding of interleukins to
the antibodies of the BD™ cytometric bead array kit.
However this can be ruled out because (1) it had no
noticeable effects on IL-12p70 levels and (2) it had no
effect on the cytokine concentrations of resting cells.

Although potassium humate caused a reduction of
pro-inflammatory cytokine concentrations, an increase in
lymphocyte proliferation still occurred. Similar growth
stimulatory effects were reported by Jooné et al. [3] in
the case of oxihumate. In addition to the growth studies
they [3] found that it correlated with an increase in IL-2
secretion. One can only assume that, as both products
stimulate lymphocyte proliferation, the possibility exist
that both products will affect the IL-2 pathway in a
similar fashion. However this needs to be confirmed.

Unfortunately, due to practical reasons, the effects
of potassium humate on TNF-α, IL-1β, IL-6 and IL-10

Fig. 4. The effect of potassium humate on the classical complement
pathway. Data are expressed as means±SEM.
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production could only be determined at a fixed concentra-
tion of 40μg/ml, whereas its effects on the activation of the
classical and alternative pathways of complement were
done at concentrations ranging between 10 and 60 μg/ml.
In the last case significant effects were seen from 10 μg/ml
and higher with maximum effects at 40–60 μg/ml. The
possibility exist that cytokine secretion might follow the
same pattern, however this needs to be confirmed.

In conclusion, the anti-inflammatory properties of
potassium humate, described by van Rensburg et al. [5]
could partially be due to the inhibition of the comple-
ment cascade. Another possible contributing factor could
be a decrease in the expression of the complement
receptor 3 (CR3) [4]. Potassium humate might therefore
be utilised in future as a potential treatment for
inflammatory disorders associated with the activation
of complement. Furthermore potassium humate also
inhibited the secretion of certain pro-inflammatory
cytokines in vitro. On the other hand potassium humate
increased lymphocyte proliferation of resting, and PHA-
and PWM-stimulated lymphocytes in vitro, indicating
that potassium humate might possesses effective immu-
nomodulating properties by up regulating cell mediated
immunity and decreasing the activity/production of
inflammatory molecules. However further investigation
into the mechanism by which potassium humate modu-
lates the immune system needs to be done.
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