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Thai medicinal plants have been used for centuries to relieve symptoms of a number of

diseases. Such plants display many pharmacological properties, including anti-cancer and anti-

inflammatory activities. However, precise knowledge of the immunomodulatory activity of Thai

medicinal plants is still lacking. Mycotoxins are secondary fungal metabolites that contaminate

cereals and nuts and cause a variety of ill effects in humans, including acute toxicity,

immunomodulation and cancer. The major mycotoxins found in Thailand include aflatoxin B,

(AFB,), deoxynivalenol (DON) and fumonisin B, (FB,) and these commonly occur as mixtures in

a contaminated foodstuff or animal feed. However, little is known about the interactions between

these mycotoxins with regard to toxic and carcinogenic effects. This study aimed to evaluate

Thai medicinal plants that may stimulate the immune system, to investigate the effects of

mycotoxin mixtures on the immune system, and finally to determine whether the medicinal plants

could modulate the immune effects of mycotoxins.



A number of immune parameters were considered in this study following exposure to
Thai plant extracts and mycotoxins. Human peripheral blood mononuclear cell (PBMCs)
proliferation in vitro was examined with or without mitogen (phytohemagglutinin; PHA or
pokeweed mitogen; PWM); specific antibody production against bovine serum albumin (BSA)
was addressed in vivo in BALB/c mice and a mouse macrophage cell line (J774.2) was treated
with test samples in the presence or not of lipopolysaccharide (LPS).

An aqueous extract of Centella asiatica and Rhinacanthus nasutus was
immunostimulatory by increasing human lymphocyte proliferation in the presence of mitogen.
Ethanol extracts of C. asiatica inhibited mitogen-induced mitogenesis whilst ethanol extracts of
R. nasutus increased the proliferation of both PHA- and PWM-induced lymphocytes. The water
extracts of C. asiatica and R. nasutus both increased interleukin-2 (IL-2) and tumor necrosis
factor-o. (TNF-ct) production, whilst the ethanol extract of C. asiatica inhibited production of
both. Furthermore, aqueous extracts of both C. asiatica and R. nasutus significantly increased
antibody responses to BSA when compared with untreated control mice.

An alternative mechanism of immunomodulation by C. asiatica and R. nasutus is to alter
macrophage function. The water extract of C. asiatica increased the production of nitric oxide
(NO) in J774.2 cells either alone or after LPS and this reflected a concomitant induction of TNEF-
o, gene expression. This phenomenon was also observed with R. nasutus extracts in combination
with LPS. In contrast, an ethanol extract of C. asiatica dramatically inhibited NO production
through the suppression of TNF-ot with an accompanying decrease in inducible nitric oxide
synthase (iNOS) and TNF-ou gene expression. Moreover, the water extract of C. asiatica
increased cytolytic activities of macrophages against B16F10, consistent with a proposed anti-
tumor activity. Overall, these data showed that water extracts of C. asiatica and R. nasutus 1)
increased human T lymphocyte proliferation by a stimulation of cytokine production, 2) increased
macrophage function, and 3) stimulated B cell proliferation and subsequently increased specific
antibody production.

Both DON and AFB, alone inhibited lymphocyte proliferation whilst FB, had no effect.
A mixture of DON with either AFB, or FB, displayed synergistic effects on the proliferation of
human PBMCs. In mouse macrophages, AFB, alone decreased the production of NO and TNF-&

whereas FB, increased both. DON alonc inhibited NO production but increased TNF-o



\%1

production. A mixture of AFB, with DON inhibited NO production to a greater degree than did
the individual mycotoxins, whilst with FB, there was actually a further increase in NO
production. An antagonistic effect was observed when DON was combined with either AFB, or
FB, in that TNF-ot production was decreased in macrophages compared to the DON control.
Although AFB, and FB, diminished the level of TNF-a, potent induction of TNF-o. by DON still
existed in mixtures with the other mycotoxins. On the other hand, an AFB-FB, mixture led to
increased TNF-ot level. These results imply the need for further emphasis on the interaction
between mycotoxins with regard to immunomodulation.

Pretreatment of lymphocytes or macrophages with the aqueous extracts of C. asiatica and
R. nasutus modified mycotoxin-induced effects. Pretreatment with these extracts could reverse
the inhibition of NO and lymphocyte proliferation caused by either DON or AFB,. The
underlying mechanisms may involve the induction of cytokine production. increased macrophage
function, or increased lymphocyte activity. Suppression of the immune system by mycotoxins,
particularly when occurring as mixtures, may increase host susceptibility to various diseases
including cancer. Thai medicinal plants such as C. asiatica and R. nasutus may reduce these risks
through enhancing the immune status of individuals in exposed populations. Understanding the

underlying mechanisms of action is vital if the value of these plants is to be fully appreciated.
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