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Abstract
INTRODUCTION: Modulation of cytokine 
secretion may offer novel approaches in the 
treatment of a variety of diseases. One strategy 
in the modulation of cytokine expression may be 
through the use of herbal medicines. A class of 
herbal medicines, known as immunomodulators, 
alters the activity of immune function through the 
dynamic regulation of informational molecules 
such as cytokines. This may offer an explanation 
of the effects of herbs on the immune system and 
other tissues. For this informal review, the authors 
surveyed the primary literature on medicinal plants 
and their effects on cytokine expression, taking 
special care to analyze research that utilized 
the multi-component extracts equivalent to or 
similar to what are used in traditional medicine, 
clinical phytotherapy, or in the marketplace. 
METHODOLOGY: MEDLINE, EBSCO, and BIOSIS 
were used to identify research on botanical 
medicines, in whole or standardized form, that 
act on cytokine activity through different models, 
i.e., in vivo (human and animal), ex vivo, or in 
vitro. RESULTS: Many medicinal plant extracts 
had effects on at least one cytokine. The most 
frequently studied cytokines were IL-1, IL-6, TNF, 
and IFN. Acalypha wilkesiana, Acanthopanax 
gracilistylus, Allium sativum, Ananus comosus, 
Cissampelos sympodialis, Coriolus versicolor, 
Curcuma longa, Echinacea purpurea, Grifola 
frondosa, Harpagophytum procumbens, Panax 
ginseng, Polygala tenuifolia, Poria cocos, 
Silybum marianum, Smilax glabra, Tinospora 
cordifolia, Uncaria tomentosa, and Withania 
somnifera demonstrate modulation of multiple 
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cytokines. CONCLUSION: The in vitro and in 
vivo research demonstrates that the reviewed 
botanical medicines modulate the secretion of 
multiple cytokines. The reported therapeutic 
success of these plants by traditional cultures 
and modern clinicians may be partially due 
to their effects on cytokines. Phytotherapy 
offers a potential therapeutic modality for the 
treatment of many differing conditions involving 
cytokines. Given the activity demonstrated 
by many of the reviewed herbal medicines 
and the increasing awareness of the broad-
spectrum effects of cytokines on autoimmune 
conditions and chronic degenerative processes, 
further study of phytotherapy for cytokine-
related diseases and syndromes is warranted.
(Altern Med Rev 2006;11(2):128-150)
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Introduction
Cytokines, a large group of soluble extracel-

lular proteins or glycoproteins, are key intercellu-
lar regulators and mobilizers. Classiþed into family 
groups (e.g., interleukins, interferons, and chemo-
kines) based on the structural homologies of their re-
ceptors, these proteins were initially believed to act 
primarily as antiviral1 or antineoplastic2 agents. They 
are now seen to be crucial to innate and adaptive in-
ÿammatory responses, cell growth and differentia-
tion, cell death, angiogenesis, and developmental as 
well as repair processes.3 Their secretion, by virtu-
ally every nucleated cell type, is usually an inducible 
response to injurious stimuli.3 In addition, cytokines 
provide a link between organ systems, providing mo-
lecular cues for maintaining physiological stability.4 
Medical literature of the last several decades reveals 
an array of conditions, from cardiovascular disease to 
frailty, whose onset and course may be inÿuenced by 
cytokines.5

The diverse and far-reaching inÿuences of 
these proteins can be seen in the central nervous 
system (CNS); cytokines cause the brain to produce 
neurochemical, neuroendocrine, neuroimmune, and 
behavioral shifts.6 Abnormal cytokine production 
has been demonstrated in neuropsychiatric disorders 
such as attention deþcit hyperactivity disorder, ob-
sessive-compulsive disorder, and anorexia nervosa.6,7 
Cytokines also appear to play a role in depression, 
schizophrenia, and Alzheimerõs disease,7 and may be 
a common link between insomnia and depression.8,9 
In addition, there appears to be an involvement of 
cytokines in anhedonia (the inability to experience 
pleasure) and learned helplessness.10

The understanding of stimuli that invoke 
cytokine secretion has expanded. Besides chronic 
infections, negative emotions and stressful experi-
ences have been shown to stimulate production of 
proinÿammatory cytokines.5 In addition to involve-
ment in neuropsychiatric disorders, these diverse 
glycoproteins have activity in all body systems. As 
models of physiology continue to develop beyond 
compartmentalized organ systems, elucidation of the 
global activity of cytokines offers further support to 
an expanding understanding of cell-to-cell communi-
cation. The inÿammatory processes of cardiovascular 
disease are one such example. Beyond leukocytes, 

the liver, heart, vessel walls, and adipose tissue are 
known to produce cytokines; thus any of these tissues 
may potentially contribute to the inÿammatory nature 
of cardiovascular disease.11

As a result of the growing recognition of cy-
tokine activities, altering cytokine expression and tar-
geting their receptors may offer therapeutic potential. 
Current pharmacological strategies include cytokine 
antagonist, agonist, inhibition, and stimulation mod-
els.12 Therapeutic application of cytokines in clinical 
medicine has rapidly surpassed the FDAõs 1986 ap-
proval of an interferon (IFN) agonist for the treatment 
of hairy cell leukemia. In 2001, an antagonist to tu-
mor necrosis factor (TNF), a pivotal cytokine in the 
pathogenesis of rheumatoid arthritis (RA), was de-
scribed as one of the most important advances in RA 
treatment.13 In addition, interleukin-1ß (IL-1ß) and 
TNF antagonists offer options for the treatment of 
periodontal disease.14 A novel approach in the treat-
ment of asthma is the inhibition of T-helper 2 (TH2) 
derived cytokine expression, resulting in downstream 
effects on IgE and eosinophils.15 Interleukin-10 (IL-
10) demonstrates modulation of brain inÿammation, 
which may have application for conditions such as 
Alzheimerõs disease.16 In additional, interleukin-2 
(IL-2) and interleukin-12 (IL-12) in combination may 
provide a potential therapeutic approach for neuro-
blastomas.17

Due to their diverse and pleiotropic activi-
ties, cytokine treatments may prove promising for 
disorders seemingly unrelated to immune function. 
However, much of their therapeutic effect relies on 
direct inÿuence of immune activity. For example, in 
the þeld of oncology, progress has been made in the 
therapeutic use of several interleukins, including IL-
4, -6, -11 and -12.18 In combination with surgery, pre-
treatment with IL-2 may enhance survival rates in pa-
tients with renal cell carcinoma.19 IL-18 demonstrates 
antitumor effects in leukemia.20 The interferons are 
used in the treatment of hepatitis B and C, malignant 
melanoma, follicular lymphoma, and AIDS-related 
Kaposiõs sarcoma.21

However, as with the development of many 
nascent pharmacological strategies, the occurrence 
of adverse events generates barriers to successful 
therapeutic applications. Such obstacles have delayed 
progress in the use of several synthetic cytokines. 
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Treatment with recombinant cytokines has yielded 
a number of adverse effects, such as transient lym-
phopenias induced by IFN, IL-2, and TNF. Mono-
cytopenia has been reported with the use of inter-
feron-gamma (IFN- ) and TNF, while IL-2, IFN- , 
and TNF induce neutrophilia.22 Patient experience of 
ÿu-like symptoms with the use of interferons makes 
adherence to a therapeutic protocol a challenge. Both 
IL-2 and IFN- , used for the treatment of hepatitis C 
and some cancers, are known to evoke depression, 
fatigue, sleepiness, irritability, and loss of appetite.23 
These toxic side effects have limited the clinical val-
ue of such therapies.24

In light of the adverse events experienced 
with cytokine-targeted therapy, it could prove useful 
to consider the use of phytotherapy in the modula-
tion of cytokine expression. Immune-related illnesses 
have long been treated with herbal medicines. The 
primary literature suggests many of the effects of bo-
tanicals may be via cytokine modulation.25 The term 
immunomodulator has been used in the phytotherapy 
literature to describe botanical medicines believed to 
inÿuence immunity.26 In regard to phytotherapy, im-
munomodulators may be deþned as botanical medi-
cines that alter the activities of the immune system 
via the dynamic regulation of informational mol-
ecules – cytokines, hormones, neurotransmitters, and 
other peptides.

This article provides an informal review of 
the scientiþc literature regarding the effects of botani-
cal medicines on cytokines. Islam and Carter point 
out that therapy based on medicinal plants, such as the 
immunomodulators, is based on diverse constituents 
or groups of constituents and therefore, researching 
isolated constituents to reveal modes of activity dis-
regards the principles of phytotherapy.27 In addition, 
when clinicians use medicinal plant preparations in 
practice, they often do not treat with isolated con-
stituents. Therefore, in order to maintain relevance 
for clinical phytotherapy, this informal survey was 
limited to herbal medicines available in the market-
place or preparations that represent multi-component 
botanical medicines.

Methodology
Search Strategy 

The databases MEDLINE, EBSCO, and 
BIOSIS were searched for appropriate studies. Titles 
were screened for all hits to the terms “herbs and cy-
tokines” and “Chinese medicine and cytokines” and 
“Ayurveda and cytokines.” A language restriction of 
English was observed.

Criteria for Inclusion 
The following parameters were necessary for 

study inclusion: 
	

One hundred thirty-nine titles and abstracts were 
reviewed for inclusion criteria. Ninety-þve studies 
were eliminated due to single constituent-based 
research or insigniþcant results. Forty-nine papers 
met the criteria. 

Results
Information collected as a result of searches 

is listed in Tables 1-5. The majority of the research 
used in vitro models, but in vivo animal models were 
also utilized. Data in Tables 1A and 1B catalog in vivo 
results, noting the genus and species of the plants, the 

Investigations on whole herbs (e.g., seed, 
leaf, root, stem, ÿower, or entire plant), 
standardized extracts, or extractions of 
whole herbs not reduced to one constituent 
were accepted. Research on isolated 
constituents or multiple herbal formulations 
were generally rejected. Fungi, although 
technically not plants, were included as they 
are commonly used in phytotherapy.

All study model types were accepted – in 
vitro, ex vivo, and in vivo (both animal and 
human) models were accepted.

Information on methods of herbal 
preparation, concentration of the plant 
preparation, and dose/exposure time were 
required.

Only studies demonstrating activity with 
regard to cytokines were included.

n

n

n

n
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plant parts used, methods of preparation, dose, dura-
tion of exposure, model utilized, cytokines affected, 
and references. Tables 2A-C list the in vitro results 
utilizing human cells, categorized by solvents used 
for the medicinal plant extractions (A, aqueous; B, 
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similar to Tables 2A-C, list the in vitro results utiliz-
ing animal cells, categorized by solvents used for the 
medicinal plant extractions (A, aqueous; B, ethano-
lic; and C, other extractions). Table 4 illustrates the 
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research conducted on medicinal mushrooms. Tables 
5A-E are categorized by cytokine, matching the cy-
tokine and the direction of effect (upregulation or 
downregulation) exerted by the particular plant.

A large volume of research was disregarded 
due to the inclusion criteria. Much of the rejected re-
search was based on isolated constituents. Some re-
search on semi-puriþed compounds, such as curcum-
in or bromelain, was included due to their frequent 
use and availability in commerce.

Discussion
The majority of the research presented in this 

review relies on in vitro and/or animal models; the 
authors acknowledge the inadequacies of informa-
tion derived from such research. Both in vitro and 
animal models may be misleading and often prove 
to be poor representations of human physiology. The 
lack of pharmacokinetics in an in vitro model brings 
up questions of the relevance of data gathered from 
such methodology. In addition, animal models often 
are misrepresentative of human physiology. Never-
theless, data drawn from such sources, coupled with 
empirical data from traditional uses of botanical med-
icines, may provide an insight, however limited, to 
the mode of activity for many of these herbs. In vivo 
and in vitro studies for the listed herbs do suggest that 
the immunomodulating effects of the botanical medi-
cines reviewed may be due, at least in part, to cytokine 
modulation. Furthermore, given the broad-spectrum 
effect of cytokines on cell-to-cell communication, 
it seems likely some of the other organ systems and 
tissue effects of these herbal immunomodulators are 
due to modulation of cytokine expression.

Astragalus membranaceus 
The root of Astragalus membranaceus is 

traditionally used in Chinese medicine as a “spleen 
chi tonicó and for various deþciency and wasting 
conditions.79 A. membranaceus, in an in vitro human 
model, has been shown to lower IL-6.41 IL-6 is im-
plicated in a number of inÿammatory disorders and 
as a global marker of impending deterioration.5 The 
decrease of IL-6 activity provides a possible rationale 
for thousands of years of use of this plant in deþ-
ciency and wasting diseases. In addition, Astragalus 
is also indicated in shortness of breath and edema, 


