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Bioregulation is defined as the regulation of biological 
processes.1 bioregulatory medicine aims to target 
these processes in the human organism to restore 
proper functioning of autoregulating feedback loops 
that have been impaired during disease evolution. 

The hallmarks of bioregulatory medicine can be summarized in 
three ways: (1) a systems approach, which is used in clinical prac-
tice; (2) multitargeting features of the therapeutic method and 
preparations (the stage of the disease process is also considered); 
and (3) the ultra low–dose design of these preparations, which 
evokes multiple responses to a multitude of near-threshold stim-
uli produced by ultra low–diluted substances.

Multitargeted therapy becomes more and more the com-
mon buzzword in the medical and scientific community in light 
of increasing knowledge about the multifaceted nature of many 
diseases, especially chronic ones: increasing resistance to existing 
drugs, a decreasing number of new effective drugs, and a grow-
ing number of comorbidities in the aging population.2,3 Targeting 
multiple pathways to reach optimal therapy has been favored 
when treating pneumonia,4 dyslipidemia,5 metabolic syndrome,6 
and many other diseases. Methodological approaches to multi-
targeted therapy in conventional medicine vary from combining 

several drugs7,8 or natural compounds,9 which are expected to 
exert synergistic effects, to designing new drug entities by nano-
technologies10 or genetic engineering.11 however, although multi-
targeting can be seen as a relatively new trend in therapeutic 
approaches in modern conventional medicine,12 traditional med-
ical approaches, such as traditional Chinese medicine,13 tradi-
tional phytotherapy,14 and other holistic therapy concepts, have 
applied multitargeting in their practice since their creation.

during the past few decades, knowledge about the inge-
nious complexity of human organisms, along with the complexi-
ty of common diseases and pathogenetic networks interrelating 
and connecting different organism systems, has been increasing. 
The image of a human being as an open and adaptive system that 
pursues the objectives of adaptation to the environment and sur-
vival has been repeatedly reinforced in the medical and scientific 
community.15,16 Chapman et al,15 in their perspective article, 
define “system” as a set of components constituting a whole 
within which a component interacts with or is related to at least 
one other component; ultimately, all components serve a com-
mon objective. kaizu et al17 emphasize that robustness against 
wide fluctuations (other than biological oscillations) in variables 
is considered a common design principle of a biological system. 
The view of such systems on the biology of the human organism 
has huge implications for medical thought because it encourages 
the medical community to sway more and more from a paradigm 
of treating major disorders and symptoms of the patient toward 
treating the patient as a whole unique system. Also, the system in 
this case possesses multiple options for responding to external 
interventions and displays a determination to sustain its own 
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The burden of chronic diseases in modern society is well recog-
nized. increasing resistance to existing drugs, a decreasing 
number of new effective drugs, and a growing number of comor-
bidities in the aging population force the medical community to 
look for innovative approaches in disease management. 
bioregulatory medicine is one of such approaches. The multifac-
torial origin of many chronic diseases suggests multiple targets 
to be addressed when successful treatment is the goal. This also 
applies to most diseases with immunological and inflammatory 
pathophysiological features, such as work-related musculoskel-

etal disorders. Consequently, strategies for the development of 
either rationally designed multitargeted agents or the optimiza-
tion of combining existing targeted agents are essential. Traumeel 
is a medication with bioregulatory properties that has been suc-
cessfully applied to treat musculoskeletal injuries. This article 
provides an overview of current scientific evidence about this 
medication and proposes a hypothesis of possible mechanisms 
of action presented from a viewpoint of a pathophysiological 
model of work-related musculoskeletal disorders. (Altern Ther 
Health Med. 2011;17(2 Suppl):S8-S17.)
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activities.18 The capability of the human organism to self-regulate 
to maintain homeostasis in a constantly changing external and 
internal environment via complex networks of feedback loops is 
a proposed target of many complementary medical systems, 
including traditional Chinese medicine,19 acupuncture,20 and bio-
regulatory medicine.1

one of such complex networks is an inflammatory network 
consisting of many inflammation-related components and their 
feedback loops, including cytokines, transcription factors, and 
regulatory genes.21-23 This network plays a major role in the 
pathophysiological features of work-related musculoskeletal dis-
orders (MSds). for example, Xu and Murrell,24 in their hypothe-
sis of the pathogenesis of tendinopathy, suggest a model of 
interrelations between different functional networks, such as oxi-
dative stress, apoptosis, matrix remodeling, tissue regeneration, 
and angiogenesis. it is well accepted that components of these 
functional networks are also regarded as players in inflamma-

tion-related processes. for example, reactive oxygen species may 
be essential secondary messengers signaling nlrP3/nAlP3 
(nod-like receptor family, pyrin domain containing 3/nAChT, 
lrr, and Pyd domains containing protein 3) inflammasome 
activation25 or glucocorticoid receptors, which are implicated in 
programmed cell death, may change nuclear factor kb–depen-
dent transcription.26 The role of the inflammatory network in the 
pathophysiological features of work-related MSds is well 
described by barbe and barr.27 

Current pharmacological treatment approaches of MSds 
are directed toward suppression of proinflammatory players of 
the previously mentioned network and involve the use of conven-
tional antiinflammatory agents, such as steroids or nonsteroidal 
antiinflammatory drugs.28 on the other hand, bioregulatory 
medications, such as Traumeel, are aimed at the modulation of 
both proinflammatory and antiinflammatory pathways vs sup-
pression (figure 1). 

FIGURe 1 role of Traumeel in the inflammation Cascade (Adapted from nathan23) 

each cell commits to recruiting and activating other cells based on multiple inputs, generally requiring evidence of both injury and infection (not shown) before it 
joins fully in amplifying the inflammatory process. interactions among leukocytes, endothelium, platelets, and coagulation factors; the generation of stop signals; 
and the flow of information over subsequent days, including the transition to wound healing, are not shown. *The inhibition of prostaglandins by nonsteroidal 
antiinflammatory drugs is not specified. §data are taken from baldwin and bell.58 #data are taken from Porozov et al.52 $data are taken from heine and Schmolz.85 
APCs indicates antigen presenting cells; CoX, cyclooxygenase; hsps, heat-shock proteins; il, interleukin; nSAids, nonsteroidal antiinflammatory drugs; TGf, 
transforming growth factor; Tnf, tumor necrosis factor.
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This is achieved by including into a formula several compo-
nents of natural origin in microdoses and ultra low doses that 
purportedly act synergistically in a multitargeted manner on vari-
ous players of the inflammation network. As previously shown, 
many substances of various origins have biological activities in 
dose ranges from 10-2 to 10-24 or even higher dilution. examples 
include the neuroprotective effects of ultra low–dose glutamate,29,30 
the inhibition of opioid-induced hyperalgesia by ultra low–dose 
naltrexone,31 the inhibition of proinflammatory cytokines and the 
reversal of the downregulation of l-glutamate transporters by 
ultra low–dose naloxone,32 the antigenotoxic effects of homeo-
pathic cadmium,33 liver protection by ultra low–dose Chelidonium 
majus,34 the inhibition of angiogenesis by paclitaxel at ultra low 
concentrations,35 the improvement of memory by ultra low doses 
of antibodies to S-100b antigen,36 and the cytotoxic effects to ade-
nocarcinoma cells of ultra diluted Carcinosin, Phytolacca, Conium, 
and Thuja.37 The clinical application of medications designed in 
ultra low doses is still debatable. in studies with peanut-allergic 
subjects, long-term desensitization was achieved by treatment 
with microdoses of peanut protein. researchers hypothesized that 
allergen injection immunotherapy acts through downregulation 
of allergen-specific T-helper cell 2 responses, increased T-helper 
cell 1 responses, or the induction of T-regulatory cells; they found 
increased levels of T-regulatory cells and interleukin (il) 10 in 
patient serum samples.38 Manipulating immunological responses 
(eg, T-regulatory cells39) seems to be one of the possible ways to 
use microdoses or ultra low doses for therapeutic applications. 
Some researchers suggest that ultra diluted substances, through a 
so-called immunological bystander reaction, might be able to reg-
ulate the immune component of a disease.40 Traumeel is usually 
used to treat disorders associated with acute inflammatory condi-
tions of the musculoskeletal system (better know as MSds), such 
as ankle sprains,41 work-related tendinopathies,42 muscle strains,43 
and short-term injuries.44

As the uS national research Council and the institute of 
Medicine describe, MSds involving the upper extremities, the 
lower extremities, and the back are an important national health 
problem.45 in their publication, they state that MSds are one of 
the leading categories of injuries and illnesses in the workplace, 
resulting in high levels of pain, discomfort, lost work time, and 
disability45; therefore, a need for further research was clearly 
defined. Several research groups suggested pathophysiological 
models of MSds, either as a specific indication (eg, tendinopa-
thy24) or in perspective of systems biology.27

This article discusses how the evidence from preclinical 
studies with Traumeel fits with current pathophysiological mod-
els of work-related MSds. The aim is to provide a view on the 
assumptions of possible mechanisms of action of Traumeel as a 
multicomponent and multitargeted medication.

REvIEW of EvIDENCE fRoM PREClINICAl RESEARCH
Model of Work-related Muscoloskeletal Disorders and Proposed 
Contribution of Traumeel on Tissue Injury and Inflammation

To build a modeled overview of possible contributions of 

Traumeel to the pathophysiological features of MSds, the 
pathophysiological model of work-related MSds, suggested by 
Mary f. barbe, Phd, and Ann e. barr, Phd,27 was adopted in this 
publication. Their model is drawn based on extensive reviews of 
available evidence46,47 and supported by their work with experimen-
tal rat models.48 This model provides a comprehensive overview of 
work-related MSds and can give insights into a potential therapeu-
tic intervention with multitargeted therapies and/or medications.

The researchers suggest that inflammation plays a central 
role in MSds related to overuse injuries. Also, physiological 
inflammation is required to repair damaged tissue.49 balanced 
cytokine release is postulated to be a key to tissue recovery50; 
therefore, acute inflammation (if not too robust) is beneficial, 
whereas chronic inflammation is detrimental.51

Per the model, primary tissue damage causes cellular release 
of cytokines (ie, mediators of inflammation, cell proliferation, 
cell migration, and regeneration). Peripheral tissue cell types (eg, 
fibroblasts, myocytes, and endothelial cells) respond to damage 
by upregulating several proinflammatory proteins; these pro-
teins include il-1, il-6, tumor necrosis factor (Tnf) a, and pros-
taglandin e2. Cytokines can also be released by other cell types 
(eg, dendritic and mast cells, neurons, and Schwann cells); those 
released during acute inflammation (eg, il-1a, il-1β, and 
Tnf-a) mediate the proliferation and maturation of macrophag-
es, other mononuclear cells, and fibroblasts. Then, activated 
macrophages and other mononuclear cells produce even more 
cytokines (eg, il-1, il-6, and il-11), further stimulating inflam-
mation (barbe and barr27 reviewed this topic). Traumeel inhibits 
the secretion of proinflammatory cytokines (ie, il-1β, il-8, and 
Tnf-a) in resting and activated (mobile) immune cells and (resi-
dent) gut epithelial cells in vitro52 (figure 2). local treatment 
with Traumeel was also associated with a significant decrease of 
systemic il-6 levels.53 Traumeel may target epithelial and/or 
endothelial cells, macrophages, and T cells and inhibit cytokine 
production. These effects might be responsible for fever reduc-
tion, the inhibition of such cellular behavior as T-cell and mac-
rophage activation, T- and b-cell growth and differentiation, 
neutrophil migration, endothelium activation, and permeabili-
ty.54 il-1 enhances the expression of cyclooxygenase-2, which is 
involved in the synthesis of prostanoids (eg, prostaglandin e2). 
il-1 and Tnf-a also serve as potent stimulators of osteoclast 
activity. According to barr and barbe, the “phagocytic action of 
the activated inflammatory cells and osteoclasts can result in 
direct tissue damage.”46 This leads to the initiation of chronic 
inflammation.46 Although Traumeel is capable of stimulating 
phagocytosis and cell proliferation,55 it also inhibits the il-1 and 
Tnf-a pathways. This multitargeted action prevents the vicious 
circle of reinforced tissue damage from activated inflammatory 
cells; rather, it modulates these cells toward tissue repair. The 
immunomodulating and beneficial phagocytosis-stimulating 
properties of Traumeel were supported by human research in 
patients with inflammatory periodontal disease and chronic gen-
eralized periodontitis.56,57 in addition to epithelial cells and leuko-
cytes, mast cells may be another important cellular target of 
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Traumeel for modulation of inflammation. in the rat model of 
microvascular integrity, Traumeel significantly reduced noise- 
induced venular leakage of fluorescent albumin and degranula-
tion of mast cells, suggesting reduced release of histamine.58 noise 
stress can lead to an excess of reactive oxygen species and induc-
ible nitric oxide synthase (inoS) in the walls of blood vessels of 
the cochlea stria vascularis.59 The antiinflammatory properties of 
Traumeel were confirmed in animal models of acute inflamma-
tion (carrageenan-induced edema) and chronic inflammation 
(adjuvant arthritis). in these experiments, Traumeel led to a sig-
nificant reduction of carrageenan-induced hind paw edema in the 
first model, and during the first week, a reduction of inflamma-
tion in the first phase of adjuvant arthritis treatment.60 

human research with Traumeel supports its antiinflammato-
ry actions. in an open nonrandomized study of patients with mild 
rheumatoid arthritis, the influence of Traumeel (15 drops given 
three times per day for 14 days) on the number of Cd4+ T lym-
phocytes, which are known to secrete transforming growth factor 
β (an important antiinflammatory cytokine), was studied and 

evaluated.61 A moderate increase in Cd4+ T-lymphocyte numbers 
in most patients was observed. The researchers suggested that 
Traumeel might exert antiinflammatory effects via secretion of 
transforming growth factor β by these lymphocytes.61

Proposed Contribution of Traumeel to Tissue Reorganization
According to barbe and barr, the repetitive loading of 

bones, muscles, and tendons leads to adaptive remodeling of 
these tissues.27 early and discrete tissue injury stimulates an 
acute inflammatory response that may resolve with tissue repair 
in the presence of low repetition and low force; this may lead to 
advantageous adaptive remodeling. however, excessive repetitive 
loading may cause pathological remodeling/reorganization of 
tissues (eg, pathological remodeling of bone tissues into imma-
ture woven bone at sites of tendon and ligament attachments); 
myopathic changes, such as denervation and atrophy of muscle 
fibers, are stimulated, along with a fibrogenic response. This 
change can result in an increased susceptibility of the tissues to 
further reorganization and injury, with continued exposure leading 
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FIGURe 2 reported (orange) and Assumptive (light green) Targets for Traumeel’s Action in inflammation 

Traumeel acts on multiple cellular targets during tissue injury and local acute inflammation. These targets include tissue and blood macrophages, T lymphocytes, 
neutrophils, mast cells, and epithelial cells. The “Model of Work-related Musculoskeletal disorders and Proposed Contribution of Traumeel on Tissue injury and 
inflammation” subsection of the “review of evidence from Preclinical research” section provides explanations. il indicates interleukin; PGe, prostaglandin e; SP, 
substance P; Tnf, tumor necrosis factor; lTb, leukotriene b.
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to reduced biomechanical tolerance and continued pathological 
remodeling. in some cases, there is no evidence of inflammation; 
in other studies, increased inflammatory cells and myopathic 
changes were found.27 Some researchers argue that the interac-
tion between exposure level, anatomical site, and nature of the 
task produces different tissue responses with respect to magni-
tude and/or timing.27

Some clues about Traumeel’s possible contribution to tissue 
reorganization come from evidence reporting the properties of 
Traumeel ointment on the healing of experimentally induced 
wounds (figure 3). one group of researchers investigated the 
influence of Traumeel on extracellular matrix (eCM) remodeling 
and wound healing properties in a coculture model with hepato-
cytes and hepatic stellate cells in vitro.62 Traumeel reestablished 
the wound healing suppressed by the environmental toxin lin-
dane. The researchers concluded that the protective effect of 
Traumeel may be because of reduced degradation or activated 
formation of eCM, attenuated migration and/or mobilization of 
granulocytes, or reduced susceptibility of hepatic stellate cells 
against lindane.62 Another research group investigated dexame-
thasone-depressed wound healing in two rat wound models 
(namely, incision and dead space). in these experiments, 
Traumeel showed enhancement in breaking strength in incision 
wounds and time shortening during the epithelialization period. 
Moreover, the application of Traumeel locally to the wounds of 
animals systemically treated with dexamethasone significantly 
reversed the depressant effect of the steroid on all phases of 

wound healing.63 These findings indicate that eCM-producing 
cells (eg, hepatic stellate cells or fibroblasts) are likely targets for 
Traumeel’s action in enhanced tissue repair and wound healing. 
recently, it was reported that Traumeel increased the prolifera-
tion of cultured chondrocytes and stimulated glycosaminoglycan 
release. in addition, Traumeel significantly inhibited matrix met-
alloproteinase-13 expression, one of the matrix metalloprotei-
nases used in eCM degradation.64 These effects of Traumeel were 
independent of each other, suggesting multitargeted action of 
the preparation toward eCM restoration. restoration of the 
proper extracellular environment is an important step in adap-
tive tissue remodeling; some researchers even suggest a xenoge-
neic approach for restoring eCM-based scaffolds to promote 
tissue reconstruction.65 The important role of eCM-producing 
cells in tissue remodeling in muscle strain injury49 and in liver 
injury66 is well described. evidence from the clinical application 
of Traumeel in the management of muscle strains supports its 
role in muscle tissue reorganization.43

Characteristics of Individual Ingredients of the Traumeel formula
Traumeel is a complex combination medication, composed 

of an orchestra of 13 ingredients of natural origin, including plant 
extracts and minerals. Although a detailed analysis of possible 
contributions of individual ingredients of Traumeel on a proposed 
model of work-related MSds is out of the scope of this article, the 
literature was reviewed with the aim to identify the characteristic 
features of these ingredients, which could contribute to Traumeel’s 
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FIGURe 3 reported Targets of Traumeel’s Possible Action in Tissue reorganization

Traumeel supports adaptive tissue remodeling after tissue injury. Traumeel modulates the function of extracellular matrix–producing cells (eg, fibroblasts and chondrocytes), 
supports granulation tissue formation, and inhibits some metalloproteinases to reduce tissue degradation. The “Proposed Contribution of Traumeel to Tissue reorganization” 
subsection of the “review of evidence from Preclinical research” section provides explanations. eCM indicates extracellular matrix.
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biological activities. for example, ultra low–diluted Aconitum 
napellus could influence the liberation of transforming growth fac-
tor β from leukocytes of healthy donors in whole blood cultures, 
as do Arnica montana, Calendula officinalis, Chammomilla recutita, 
Echinacea, sulphuric calcium, Hypericum perforatum, and 
Symphytum officinale.67 Moreover, extracts of Arnica flowers show 
the capability of impairing the activation of the transcription fac-
tor nuclear factor kb and the nuclear factor of activated T cells, 
the proteins that are responsible for the transcription of genes 
encoding various inflammatory mediators.68,69 in ultra low doses, 
pretreatment with A montana blocked the action of histamine in 
increasing vascular permeability.70 extracts of Atropa belladonna 
and Echinacea angustifolia in ultra low doses modulate the perito-
neal inflammation reaction and have a cytoprotective action on 
leukocytes.71 evidence suggests that C officinalis exerts free radical 
scavenging and antioxidant activity.72 in addition, C officinalis may 
possess some antiviral capabilities.73 Tinctures of C officinalis and 
H perforatum may facilitate the collagen maturation phase of 
wound healing74; on the other hand, an extract from C officinalis 
indicated potent wound-healing activity.75 other evidence indi-
cates the antiinflammatory and wound-healing properties of 
Echinacea pallida and its constituent echinacosides.76 These find-
ings have been confirmed in a pig animal model.77 The Table pro-
vides an overview of the possible clinical characteristics of the 
ingredients of Traumeel.

These few examples shed some light on the understanding 
of how different ingredients with multiple biological properties 

could actually synergize their activities when combined in a com-
plex formula and in a multitargeted fashion to achieve a clinically 
relevant outcome for a given indication (eg, MSds). 

DISCUSSIoN
bioregulatory medicine is a systems-based approach that 

uses complex medications consisting of activated ultra diluted 
substances that act in a multitargeted fashion. it allows physi-
cians to adjust the therapeutic regimen to the current condition 
of the patient. Therefore, the treatment can be adapted to meet 
the specific needs of the unique stage of an individual’s disease. 
in the present article, the evidence from preclinical studies with 
the bioregulatory medication Traumeel was used to corroborate 
the current pathophysiological models of work-related MSds. 
The aim was to provide a working hypothesis of the possible 
mechanisms of action of Traumeel (a multicomponent and mul-
titargeted complex preparation) within such a model. Another 
aim was to discuss what place bioregulatory therapy can have in 
the understanding of modern disease evolution and what treat-
ment options this therapy can suggest. 

Current scientific knowledge suggests that Traumeel can be 
a useful addition to the management of work-related MSds. for 
example, Traumeel modulates inflammatory pathways by down-
regulating proinflammatory cytokines and upregulating antiin-
flammatory cytokines, reducing edema,60,78 promoting 
phagocytosis,55-57 and improving wound healing.58,62 Adaptive tis-
sue remodeling is supported by Traumeel acting on the behavior 
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Table Clinical Characteristics of ingredients of Traumeel based on a literature review

Properties Aconitum Arnica Belladonna
Bellis 

perennis Calendula Chamomilla Echinacea Hamamelis
Hepar 
sulfuris Hypericum

Mercurius 
solubilis Millefolium Symphytum

Effects

immuno-
modulatory X67 X67 X67 X67 X67,86 X67,87-89 X67 X67,90 X67 X67

Anti- 
inflammatory X68-70 X71 X91 X92,93 X71,94 X95 X96,97 X98 X99

Antioxidative X72 X100 X101 X102-104 X105 X98

Antinociceptive X96,106

Antibacterial X107,108 X109 X110 X95 X111,112 X98

Antiviral X73 X113 X112

Wound-healing X74,75 X74,114 X115

Mucosa  
protective X116

Anti- 
proliferative X117,118 X112,119 X120

Tissue  
reorganization X76,77

Anti- 
hemorrhagic X121

Spasmolytic X122 X123 X124
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of eCM-producing cells and inhibiting metalloproteinases.64 
This evidence supports and is in line with the pathophysiologi-
cal model of work-related MSds; the model suggests that tissue 
injury, acute inflammation, and tissue reorganization are among 
the major pathways implicated in the pathophysiological fea-
tures of these diseases (figure 4). 

it is typical for all biological therapies that their modes of 
action still need to be fully elucidated. The weakness of the 
hypothesis of Traumeel’s modes of action, suggested in this arti-
cle, is that many of the proposed biological effects of the indi-
vidual ingredients of Traumeel have been extrapolated from 
well-designed studies in botanical medicine that used different 
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FIGURe 4 overview of Possible Sites of Action of Traumeel and its ingredients in the Pathophysiological Model of repetitive overuse  
Task-related Musculoskeletal disorders 

Traumeel plays a role in multiple pathophysiological processes (inflammation and tissue reorganization). The modulation of these processes toward successful resolution is 
the key feature of multitargeted action. in contrast, nonsteroidal antiinflammatory drugs act only in distinguished pathophysiological processes (ie, the arachidonic path-
way in acute inflammation) by suppressing them. The ingredients of the Traumeel formula are as follows: Ab, Atropa belladonna; Am, Arnica montana; Ami, Achillea millefo-
lium; An, Aconitum napellus; bp, Bellis perennis; Co, Calendula officinalis; Cr, Chamomilla recutita; ea, Echinacea angustifolia; ep, Echinacea purpurea; hp, Hypericum perforatum; 
hs, Hepar sulfuris (calcium sulfide); hv, Hamamelis virginiana; Ms, Mercurius solubilis (mercuro-amidonitrate); So, Symphytum officinale. T in the box indicates Traumeel.
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doses and preparation forms. nevertheless, it is possible that 
the biological targets of these effects might be similar irrespec-
tive of the dose. for example, in the case of hormetic-type 
responses, therapeutic effects swing around the same targets 
(eg, cell viability/toxicity) but with a different modality (stimu-
latory/inhibitory) in a nonlinear dose-response manner.79 in 
other cases, the effects respond linearly. Crippa et al reported 
that the combination of endothelial monocyte–activating poly-
peptide ii and Tnf-a, both in ultra low doses, synergistically 
acted on the same target (neovascularization) as in higher doses 
but showed reduced toxicity.80 in both cases, the extrapolation 
of the action of a substance in an ultra low dose is possible given 
that the target of this action is known. Therefore, the evidence 
from studies with concentrated plant extracts could provide 
hints about which molecular networks (not necessarily the same 
molecular targets) might be the goals of the ultra diluted sub-
stances. evidence from preclinical Traumeel studies supports 
this notion, showing that the targets of its actions (eg, immuno-
competent cells) are also targets of many of its ingredients in 
plant extract–high concentrations. 

There are additional aspects unique to a bioregulatory prep-
aration such as Traumeel regarding its biological targeting fea-
tures. These aspects include the following: (1) multitargeting, 
which can be described as a nonlinear summation of biological 
activities of the ingredients; (2) the fact that multitargeting is 
necessary to reset the compromised autoregulatory network pat-
tern, in which a multitude of near-threshold stimuli generate sev-
eral responses and increase autoregulating system robustness; 
and (3) effectiveness in resolving the pathophysiological pattern, 
which lies in the synergy of these stimuli and responses. This 
synergy is not a linear sum of effects of ingredients; rather, it is a 
specific pattern of biological activities, defined by the combina-
tion design of a bioregulatory preparation. Thus, excluding one 
ingredient from the formula could potentially change the syner-
gistic pattern and alter the properties of a preparation. These fea-
tures distinguish Traumeel-type preparations from other 
biological response modifiers, such as infliximab (remicade), a 
monoclonal antibody against Tnf-a, which has a distinctive 
mechanism of action of linearly inhibiting one of the master reg-
ulators of inflammation-related mechanisms.81

The totality of preclinical research suggests that Traumeel 
has a remarkable scope of action on the pathophysiological pro-
cesses of work-related MSds. The strength of the evidence is its 
role as an immunomodulator. however, there are several poten-
tial gaps in its mechanisms of action. for example, despite its 
broad multitargeted action, Traumeel does not cover all of the 
pathophysiological pathways of work-related MSds, as shown in 
figure 4. The role of Traumeel as an intervention for central ner-
vous system reorganization still needs to be defined. The cover-
age of the whole spectrum of pathophysiological events can be 
achieved by supplementing the treatment with other medica-
tions (ie, mainstream and/or bioregulatory preparations) target-
ed to the modulation of nervous functions. This approach would 
allow the formulation of treatment concepts with almost com-

plete coverage of all possible pathophysiological networks 
around any given disorder and would ensure effective and robust 
resolution of a clinical pathological feature.

further preclinical studies should be performed with 
Traumeel to expand the present knowledge of its potential mech-
anisms of action and to confirm the existing data. The evidence 
presented herein is still preliminary, and the bioregulation con-
cept itself is in the early stages of development. nevertheless, the 
need for discussions exploring scientific assumptions and reveal-
ing the gaps in knowledge is widely recognized in the comple-
mentary and alternative medicine and traditional medicine 
communities.82,83 further investigations are certainly required to 
fill these gaps in evidence, using even cutting-edge technologies. 

This article presented a specific view on evidence from pre-
clinical research performed with Traumeel, with the aim of pro-
viding a plausible hypothesis of mechanisms of action of a 
complex ultra low–dose medication with bioregulatory proper-
ties. Also, the article tries to reflect how the concepts of bioregu-
lation and multitargeting fit to evolving the present 
understanding of disease complexity and the need to properly 
address this complexity in a clinical world.

CoNClUSIoNS
increasing scientific knowledge regarding the complexity of 

biological and physiological processes, boosted by modern tech-
nological advances (“-omics” technologies), forces the reevalua-
tion of the current concepts of disease development and moves 
information from a linear and reductionist view to a complex 
and network-shaped systems’ perception of pathophysiological 
events defining disease pathogenesis and evolution.84 The appli-
cation of systems-based biology concepts in the biomedical field 
calls for novel therapeutic concepts and approaches that would 
integrate the systems perspective in the management of complex 
diseases. Multitargeting is one of these concepts; it allows the 
application of therapeutic effort to the disease pathophysiologi-
cal pattern rather than to a single pathophysiological event. 
Multiple approaches to multitargeting are suggested; the appli-
cation of bioregulatory therapeutics, which are characterized as 
combinations of multiple ultra low–diluted substances, is one of 
them. The current evidence suggests that Traumeel displays non-
linear biological activities in addition to synergistic modes of 
action and supports its value in treating multifaceted disorders 
(work-related MSds) from the systems perspective. bioregulation 
is a cutting-edge concept that is increasingly accepted by and 
integrated into mainstream medical care. future research will 
increase the scientific knowledge necessary to support the princi-
pal concepts of bioregulatory medicine. 

Disclosure
dr Cesnulevicius is an employee of biologische heilmittel 

heel Gmbh, baden-baden, Germany. 

Acknowledgments
i thank dr dietrich Göthel for data mining and excellent technical support.

bioregulation, Multitargeting, and Traumeel 



S16     ALTERNATIVE THERAPIES, mar/apr 2011, VOL. 17, NO. 2 suppl Tk

REfERENCES
1. Smit A, o’byrne A, Van brandt b, bianchi i, kuestermann k. Introduction to 

Bioregulatory Medicine. Stuttgart, Germany: Thieme; 2009.
2. Glassock rJ. Multitarget therapy of lupus nephritis: base hit or home run? J Am Soc 

Nephrol. 2008;19(10):1842-1844.
3. Varshavsky A. Codominant interference, antieffectors, and multitarget drugs. Proc Natl 

Acad Sci U S A. 1998;95(5):2094-2099.
4. Cazzola M, Matera MG, Pezzuto G. inflammation—a new therapeutic target in pneu-

monia. Respiration. 2005;72(2):117-126.
5. Pandian A, Arora A, Sperling lS, khan bV. Targeting multiple dyslipidemias with fixed 

combinations—focus on extended release niacin and simvastatin. Vasc Health Risk 
Manag. 2008;4(5):1001-1009.

6. Grundy SM. Metabolic syndrome: a multiplex cardiovascular risk factor. J Clin 
Endocrinol Metab. 2007;92(2):399-404.

7. bao h, liu Zh, Xie hl, hu WX, Zhang hT, li lS. Successful treatment of class V+iV 
lupus nephritis with multitarget therapy. J Am Soc Nephrol. 2008;19(10):2001-2010.

8. lehár J, krueger AS, Avery W, et al. Synergistic drug combinations tend to improve 
therapeutically relevant selectivity. Nat Biotechnol. 2009;27(7):659-666.

9. dajas f, rivera-Megret f, blasina f, et al. neuroprotection by flavonoids. Braz J Med 
Biol Res. 2003;36(12):1613-1620.

10. ljubimova Jy, fujita M, ljubimov AV, Torchilin VP, black kl, holler e. Poly(malic acid) 
nanoconjugates containing various antibodies and oligonucleotides for multitargeting 
drug delivery. Nanomedicine (Lond). 2008;3(2):247-265.

11. Zhong MC, kerlero de rosbo n, ben-nun A. Multiantigen/multiepitope-directed 
immune-specific suppression of “complex autoimmune encephalomyelitis” by a novel 
protein product of a synthetic gene. J Clin Invest. 2002;110(1):81-90.

12. Csermely P, Agoston V, Pongor S. The efficiency of multi-target drugs: the network 
approach might help drug design. Trends Pharmacol Sci. 2005;26(4):178-182.

13. Wang J, van der heijden r, Spruit S, et al. Quality and safety of Chinese herbal medi-
cines guided by a systems biology perspective. J Ethnopharmacol. 2009;126(1):31-41.

14. Wagner h. natural products chemistry and phytomedicine in the 21st century: new 
developments and challenges. Pure Appl Chem. 2005;77(1):1-6.

15. Chapman Cr, Tuckett rP, Song CW. Pain and stress in a systems perspective: recipro-
cal neural, endocrine, and immune interactions. J Pain. 2008;9(2):122-145.

16. kitano h. biological robustness. Nat Rev Genet. 2004;5(11):826-837.
17.  kaizu k, Moriya h, kitano h. fragilities caused by dosage imbalance in regulation of 

the budding yeast cell cycle. Plos Genetics. 2010;6(4):e1000919.
18. Ahn AC, Tewari M, Poon CS, Phillips rS. The clinical applications of a systems 

approach. PLoS Med. 2006;3(7):e209.
19. buenz eJ, bauer bA, osmundson TW, Motley TJ. The traditional Chinese medicine 

Cordyceps sinensis and its effects on apoptotic homeostasis. J Ethnopharmacol. 
2005;96(1-2):19-29.

20. fung PC. Probing the mystery of Chinese medicine meridian channels with special 
emphasis on the connective tissue interstitial fluid system, mechanotransduction, cells 
durotaxis and mast cell degranulation. Chin Med. 2009 May 29;4:10.

21. Chen bS, yang Sk, lan Cy, Chuang yJ. A systems biology approach to construct the 
gene regulatory network of systemic inflammation via microarray and databases min-
ing. BMC Med Genomics. 2008 Sep 30;1:46.

22. hotamisligil GS. inflammation and metabolic disorders. Nature. 2006;444(7121):860-867.
23. nathan C. Points of control in inflammation. Nature. 2002;420(6917):846-852.
24. Xu y, Murrell GA. The basic science of tendinopathy. Clin Orthop Relat Res. 

2008;466(7):1528-1538.
25. Martinon f. Signaling by roS drives inflammasome activation. Eur J Immunol. 

2010;40(3):616-619.
26. neumann M, naumann M. beyond ikappabs: alternative regulation of nf-kappab 

activity. FASEB J. 2007;21(11):2642-2654.
27. barbe Mf, barr Ae. inflammation and the pathophysiology of work-related musculosk-

eletal disorders. Brain Behav Immun. 2006;20(5):423-429.
28. Sanders MJ, ed. Ergonomics and the Management of Musculoskeletal Disorders. 2nd ed. St 

louis, Mo: elsevier; 2004.
29. Jonas W, lin y, Tortella f. neuroprotection from glutamate toxicity with ultra-low dose 

glutamate. Neuroreport. 2001;12(2):335-339.
30. Marotta d, Marini A, banaudha k, Maharaj SV, Jonas Wb. nonlinear effects of gluta-

mate and kCl on glutamate toxicity in cultured rat cerebellar neurons. Int J Neurosci. 
2003;113(4):491-502.

31. Crain SM, Shen kf. Acute thermal hyperalgesia elicited by low-dose morphine in nor-
mal mice is blocked by ultra-low-dose naltrexone, unmasking potent opioid analgesia. 
Brain Res. 2001;888(1):75-82.

32. Tsai ry, Jang fl, Tai yh, lin Sl, Shen Ch, Wong CS. ultra-low-dose naloxone restores 
the antinociceptive effect of morphine and suppresses spinal neuroinflammation in 
PTX-treated rats. Neuropsychopharmacology. 2008;33(11):2772-2782.

33. datta SS, Mallick PP, rahman khuda-bukhsh AA. Comparative efficacy of two micro-
doses of a potentized homoeopathic drug, Cadmium Sulphoricum, in reducing geno-
toxic effects produced by cadmium chloride in mice: a time course study. BMC 
Complement Altern Med. 2001;1:9.

34. biswas SJ, khuda-bukhsh Ar. effect of a homeopathic drug, Chelidonium, in ameliora-
tion of p-dAb induced hepatocarcinogenesis in mice. BMC Complement Altern Med. 
2002 Apr 10;2:4.

35. Wang J, lou P, lesniewski r, henkin J. Paclitaxel at ultra low concentrations inhibits 
angiogenesis without affecting cellular microtubule assembly. Anticancer Drugs. 
2003;14(1):13-19.

36. epstein oi, Pavlov if, Shtark Mb. improvement of memory by means of ultra-low 
doses of antibodies to S-100b antigen. Evid Based Complement Alternat Med. 
2006;3(4):541-545.

37. frenkel M, Mishra bM, Sen S, et al. Cytotoxic effects of ultra-diluted remedies on breast 
cancer cells. Int J Oncol. 2010;36(2):395-403.

38. Jones SM, Pons l, roberts Jl, et al. Clinical efficacy and immune regulation with pea-
nut oral immunotherapy. J Allergy Clin Immunol. 2009;124(2):292-300, 300.e1-97.

39. Cools n, Ponsaerts P, Van Tendeloo Vf, berneman Zn. regulatory T cells and human 
disease. Clin Dev Immunol. 2007;2007:89195.

40. heine h, Schmolz M. immunoregulation via ‘bystander suppression’ needs minute 
amounts of substances—a basis for homeopathic therapy? Med Hypotheses. 
2000;54(3):392-393.

41. Zell J, Connert Wd, Mau J, feuerstake G. Treatment of acute sprains of the ankle joint. 
double-blind study assessing the effectiveness of a homeopathic ointment preparation 
[article in German]. Fortschr Med. 1988;106(5):96-100.

42. orizola AJ, Vargas f. The efficacy of Traumeel S versus diclofenac and placebo oint-
ment in tendinous pain in elite athletes: a randomized controlled trial. Med  Sci Sports 
Exerc. 2007;39(5 Supplement):S79.

43. orchard J, best T, Müller-Wohlfahrt hW, et al. The early management of muscle strains 
in the elite athlete: best practice in a world with a limited evidence basis. Br J Sports 
Med. 2008;42(3):158-159.

44. böhmer d, Ambrus P. Treatment of sports injuries with Traumeel ointment: a con-
trolled double-blind study with Traumeel ointment for treatment of sports injuries. 
Biol Ther. 1992;10(4):290-300. 

45. Commission on behavioral and Social Sciences and education. national research 
Council. institute of Medicine. Musculoskeletal Disorders and the Workplace: Low Back 
and Upper Extremities. Washington, dC: national Academies Press; 2001.

46. barr Ae, barbe Mf. Pathophysiological tissue changes associated with repetitive move-
ment: a review of the evidence. Phys Ther. 2002;82(2):173-187.

47. barr Ae, barbe Mf, Clark bd. Work-related musculoskeletal disorders of the hand and 
wrist: epidemiology, pathophysiology, and sensorimotor changes. J Orthop Sports Phys 
Ther. 2004;34(10):610-627.

48. Al-Shatti T, barr Ae, Safadi ff, Amin M, barbe Mf. increase in inflammatory cytokines 
in median nerves in a rat model of repetitive motion injury. J Neuroimmunol. 
2005;167(1-2):13-22.

49. Ciciliot S, Schiaffino S. regeneration of mammalian skeletal muscle. basic mechanisms 
and clinical implications. Curr Pharm Des. 2010;16(8):906-914.

50. Tracey kJ. Physiology and immunology of the cholinergic antiinflammatory pathway. J 
Clin Invest. 2007;117(2):289-296.

51. Stramer bM, Mori r, Martin P. The inflammation-fibrosis link? A Jekyll and hyde role 
for blood cells during wound repair. J Invest Dermatol. 2007;127(5):1009-1017.

52. Porozov S, Cahalon l, Weiser M, branski d, lider o, oberbaum M. inhibition of 
il-1beta and Tnf-alpha secretion from resting and activated human immunocytes by 
the homeopathic medication Traumeel S. Clin Dev Immunol. 2004;11(2):143-149.

53. lussignoli S, bertani S, Metelmann h, bellavite P, Conforti A. effect of Traumeel S, a 
homeopathic formulation, on blood-induced inflammation in rats. Complement Ther 
Med. 1999;7(4):225-230.

54. Janeway C, Travers, P, Walport M, Shlomchik M. Immunobiology: The Immune System in 
Health and Disease. 6th ed. new york, ny: Garland Science; 2005.

55. enbergs h. The effect of selected potentiated suis organ preparations and Traumeel on 
phagocyte and lymphocyte activity. Biomed Ther. 1998;16(2):178-184. 

56. Grudianov Ai, bezrukova iV, Aleksandrovskaia iiu. Comparative study of homeopathic 
remedies clinical efficacy in comprehensive treatment of inflammatory periodontal dis-
eases in patients with burdened allergic status [article in russian]. Stomatologiia 
(Mosk). 2006;85(2):25-28.

57. Grudianov Ai, bezrukova iV, Serebriakova le, Aleksandrovskaia iiu. Study of local 
immunostimulating effect of the use of different pharmaceutical forms of the remedy 
Traumeel S in treatment of inflammatory parodontal diseases [article in russian]. 
Stomatologiia (Mosk). 2006;85(2):29-30.

58. baldwin Al, bell ir. effect of noise on microvascular integrity in laboratory rats. J Am 
Assoc Lab Anim Sci. 2007;46(1):58-65.

59. Shi X, nuttall Al. upregulated inoS and oxidative damage to the cochlear stria vascu-
laris due to noise stress. Brain Res. 2003;967(1-2):1-10.

60. Conforti A, bertani S, Chirumbolo S, lussignoli S, bellavite P, Metelmann h. 
experimental studies on the anti-inflammatory activity of a homeopathic preparation. 
Biomed Ther. 1997;15(1):28-31. 

61. heine h, Andrä f. on the anti-inflammatory mechanism of action of an antihomotoxic 
compound remedy. Ärztezeitschrift für Naturheilverfahren. 2002;43(2):96-104. 

62. Gebhardt r, d. k. lindan-suppressed wound healing re-established by Traumeel S: 
studies with hepatocytes, granulocytes and hepatic stellate cells in a newly developed in 
vitro model. Paper presented at: international Congress on Complementary Medicine 
research; May 11-13, 2007; Munich, Germany. 

63. Mallikarjuna rao C. does Traumeel, (a homeopathic), ointment promote healing? 
Paper presented at: XXXiV Annual Conference of the indian Pharmacological Society; 
January 10-12, 2002; nagpur, india.

64.  Seilheimer b, Wierzchacz C, Gebhardt r. influence of Traumeel on cultured chondro-
cytes and recombinant human matrix metalloproteinases: implications for chronic 
joint diseases. Eur J Integr Med. 2009;1(4):252-253.

65.  Turner nJ, yates AJ, Weber dJ, et al. Xenogeneic extracellular matrix as an inductive 
scaffold for regeneration of a functioning musculotendinous junction. Tissue Eng Part 
A. 2010 nov;16(11):3309-3317. 

bioregulation, Multitargeting, and Traumeel 



Tk ALTERNATIVE THERAPIES, mar/apr 2011, VOL. 17, NO. 2 suppl   S17

66. holt AP, Salmon M, buckley Cd, Adams dh. immune interactions in hepatic fibrosis. 
Clin Liver Dis. 2008;12(4):861-882, x.

67. Schmolz M, heine h. homöopathische Substanzen aus der Antihomotoxischen 
Medizin modulieren die Synthese von TGf-β1 in menschlichem Vollblut. Biol Med. 
2001;30(2):61-65. 

68. klaas CA, Wagner G, laufer S, et al. Studies on the anti-inflammatory activity of phy-
topharmaceuticals prepared from Arnica flowers. Planta Med. 2002;68(5):385-391.

69. Merfort i. Arnica: new insights on the molecular mode of action of a traditional medi-
cinal plant [article in German]. Forsch Komplementärmed Klass Naturheilkd. 2003;10 
Suppl 1:45-48.

70. Macedo Sb, ferreira lr, Perazzo ff, Carvalho JC. Anti-inflammatory activity of Arnica 
montana 6ch: preclinical study in animals. Homeopathy. 2004;93(2):84-87.

71. Pedalino CM, Perazzo ff, Carvalho JC, Martinho kS, Massoco Cde o, bonamin lV. 
effect of Atropa belladonna and Echinacea angustifolia in homeopathic dilution on 
experimental peritonitis. Homeopathy. 2004;93(4):193-198.

72. Cordova CA, Siqueira ir, netto CA, et al. Protective properties of butanolic extract of 
the Calendula officinalis l. (marigold) against lipid peroxidation of rat liver microsomes 
and action as free radical scavenger. Redox Rep. 2002;7(2):95-102.

73. barbour ek, Sagherian V, Talhouk S, et al. evaluation of homeopathy in broiler chick-
ens exposed to live viral vaccines and administered Calendula officinalis extract. Med Sci 
Monit. 2004;10(8):br281-br285.

74. Gurumadhva r, udupa A, udupa S, al e. Calendula and hypericum: two homeopathic 
drugs promoting wound healing in rats. Fitoterapia. 1991;62(6):508-510. 

75. Preethi kC, kuttan r. Wound healing activity of flower extract of Calendula officinalis. J 
Basic Clin Physiol Pharmacol. 2009;20(1):73-79.

76. Speroni e, Govoni P, Guizzardi S, renzulli C, Guerra MC. Anti-inflammatory and cica-
trizing activity of Echinacea pallida nutt. root extract. J Ethnopharmacol. 
2002;79(2):265-272.

77. rousseau b, Tateya i, lim X, Munoz-del-rio A, bless dM. investigation of anti-hy-
aluronidase treatment on vocal fold wound healing. J Voice. 2006;20(3):443-451.

78. Conforti A, bellavite P, bertani S, Chiarotti f, Menniti-ippolito f, raschetti r. rat mod-
els of acute inflammation: a randomized controlled study on the effects of homeopathic 
remedies. BMC Complement Altern Med. 2007 Jan 17;7:1.

79. Calabrese eJ. hormesis and medicine. Br J Clin Pharmacol. 2008;66(5):594-617.
80.  Crippa l, Gasparri A, Sacchi A, ferrero e, Curnis f, Corti A. Synergistic damage of tumor 

vessels with ultra low-dose endothelial-monocyte activating polypeptide-ii and neovascu-
lature-targeted tumor necrosis factor-alpha. Cancer Res. 2008;68(4):1154-1161.

81. Clark iA. how Tnf was recognized as a key mechanism of disease. Cytokine Growth 
Factor Rev. 2007;18(3-4):335-343.

82.  record of Proceedings. Complementary Medicine: future directions forum. Sidney, 
Australia: 2006; november 21-22, 2006: http://www.nhmrc.gov.au/_files_nhmrc/file/
media/noticeboard/07/CAM_forum_nov06_outcomes.pdf. Accessed february 10, 2011.

83. deng G, Weber W, Sood A, kemper k. integrative medicine research: context and pri-
orities. Paper presented at: ioM Summit on integrative Medicine and the health of the 
Public; february 25-27, 2009; Washington, dC.

84. Mazzocchi f. Complexity in biology. exceeding the limits of reductionism and deter-
minism using complexity theory. EMBO Rep. 2008;9(1):10-14.

85. heine h, Schmolz M. induction of the immunological bystander reaction by Plant 
extracts. Biomed Ther. 1998;16(3):224-226. 

86. Abbas A, lichtman A, Pillai S. Cellular and Molecular Immunology. 3rd ed. Philadelphia, 
PA: Saunders; 1997. 

87. Classen b, Thude S, blaschek W, Wack M, bodinet C. immunomodulatory effects of arabi-
nogalactan-proteins from baptisia and echinacea. Phytomedicine. 2006;13(9-10):688-694.

88. Currier nl, Miller SC. natural killer cells from aging mice treated with extracts from 
Echinacea purpurea are quantitatively and functionally rejuvenated. Exp Gerontol. 
2000;35(5):627-639.

89. Groom Sn, Johns T, oldfield Pr. The potency of immunomodulatory herbs may be 
primarily dependent upon macrophage activation. J Med Food. 2007;10(1):73-79.

90. Schempp CM, lüdtke r, Winghofer b, Simon JC. effect of topical application of 
Hypericum perforatum extract (St. John’s wort) on skin sensitivity to solar simulated 
radiation. Photodermatol Photoimmunol Photomed. 2000;16(3):125-128.

91. della loggia r, Tubaro A, Sosa S, becker h, Saar S, isaac o. The role of triterpenoids in 
the topical anti-inflammatory activity of Calendula officinalis flowers. Planta Med. 
1994;60(6):516-520.

92.  Ammon hPT, Sabieraj J, kaul r. kamille. Mechanismus der antiphlogistischen 
Wirkung von kamillenextrakten und –inhaltsstoffen. Dtsch Apotheker Ztg. 
1996;136(22):1821-1834.

93. della loggia r, Carle r, Sosa S, Tubaro A. evaluation of the anti-inflammatory activity 
of chamomile preparations Planta Med. 1990;56(6):657-658.

94. raso GM, Pacilio M, di Carlo G, esposito e, Pinto l, Meli r. in-vivo and in-vitro anti-
inflammatory effect of Echinacea purpurea and Hypericum perforatum. J Pharm 
Pharmacol. 2002;54(10):1379-1383.

95. Gloor M, reichling J, Wasik b, holzgang he. Antiseptic effect of a topical dermatologi-
cal formulation that contains hamamelis distillate and urea. Forsch Komplementarmed 
Klass Naturheilkd. 2002;9(3):153-159.

96. Abdel-Salam oM. Anti-inflammatory, antinociceptive, and gastric effects of Hypericum 
perforatum in rats. ScientificWorldJournal. 2005 Aug 8;5:586-595.

97. Tedeschi e, Menegazzi M, Margotto d, Suzuki h, förstermann u, kleinert h. Anti-
inflammatory actions of St. John’s wort: inhibition of human inducible nitric-oxide 
synthase expression by down-regulating signal transducer and activator of transcrip-
tion-1alpha (STAT-1alpha) activation. J Pharmacol Exp Ther. 2003;307(1):254-261.

98. Candan f, unlu M, Tepe b, et al. Antioxidant and antimicrobial activity of the essential 
oil and methanol extracts of Achillea millefolium subsp. millefolium Afan. (Asteraceae). J 
Ethnopharmacol. 2003;87(2-3):215-220.

99. Petersen G, lorkowski G, kasper fr, Gottwald r, lücker PW. Anti-inflammatory activ-
ity of a pyrrolizidine alkaloid-free extract of roots of Symphytum officinale in humans 
Planta Med. 1993;59(S1):A703-A704.

100. romanova d, Vachálková A, Cipák l, ovesná Z, rauko P. Study of antioxidant effect of 
apigenin, luteolin and quercetin by dnA protective method. Neoplasma. 
2001;48(2):104-107.

101. Mishima S, Saito k, Maruyama h, et al. Antioxidant and immuno-enhancing effects of 
Echinacea purpurea. Biol Pharm Bull. 2004;27(7):1004-1009.

102. Choi hr, Choi JS, han yn, bae SJ, Chung hy. Peroxynitrite scavenging activity of herb 
extracts. Phytother Res. 2002;16(4):364-367.

103. Masaki h, Atsumi T, Sakurai h. Protective activity of hamamelitannin on cell damage 
induced by superoxide anion radicals in murine dermal fibroblasts. Biol Pharm Bull. 
1995;18(1):59-63.

104. Masaki h, Sakaki S, Atsumi T, Sakurai h. Active-oxygen scavenging activity of plant 
extracts. Biol Pharm Bull. 1995;18(1):162-166.

105. hunt eJ, lester Ce, lester eA, Tackett rl. effect of St. John’s wort on free radical pro-
duction. Life Sci. 2001;69(2):181-190.

106. bukhari iA, dar A, khan rA. Antinociceptive activity of methanolic extracts of St. 
John’s wort (Hypericum perforatum) preparation. Pak J Pharm Sci. 2004;17(2):13-19.

107. iauk l, lo bue AM, Milazzo i, rapisarda A, blandino G. Antibacterial activity of 
medicinal plant extracts against periodontopathic bacteria. Phytother Res. 
2003;17(6):599-604.

108. koo h, Gomes bP, rosalen Pl, Ambrosano GM, Park yk, Cury JA. in vitro antimicro-
bial activity of propolis and Arnica montana against oral pathogens. Arch Oral Biol. 
2000;45(2):141-148.

109. Avato P, Vitali C, Mongelli P, Tava A. Antimicrobial activity of polyacetylenes from 
Bellis perennis and their synthetic derivatives. Planta Med. 1997;63(6):503-507.

110. Tanvir f, Tanvir S, Mirza M, Azizullah A. Altered sensitivity of Staphylococcus aureus 
to streptomycin after continuous exposure to a homeopathic drug echinacea (S.C.). 
Pakistan J Zool. 2005;37(4):156-157. 

111. Avato P, raffo f, Guglielmi G, Vitali C, rosato A. extracts from St John’s wort and their 
antimicrobial activity. Phytother Res. 2004;18(3):230-232.

112. Schempp CM, Müller kA, Winghofer b, Schöpf e, Simon JC. St. John’s wort (Hypericum 
perforatum l.). A plant with relevance for dermatology [article in German]. Hautarzt. 
2002;53(5):316-321.

113. erdelmeier CA, Cinatl J Jr, rabenau h, doerr hW, biber A, koch e. Antiviral and 
antiphlogistic activities of Hamamelis virginiana bark. Planta Med. 1996;62(3):241-245.

114. Mukherjee Pk, Verpoorte r, Suresh b. evaluation of in-vivo wound healing activity of 
Hypericum patulum (family: hypericaceae) leaf extract on different wound model in 
rats. J Ethnopharmacol. 2000;70(3):315-321.

115. khoury r. Comfrey ointment effective in treating ankle injuries. J Aust Tradit Med Soc. 
2005;11(2):79.

116. Cavalcanti AM, baggio Ch, freitas CS, et al. Safety and antiulcer efficacy studies of 
Achillea millefolium l. after chronic treatment in Wistar rats. J Ethnopharmacol. 
2006;107(2):277-284.

117. Akihisa T, yasukawa k, oinuma h, et al. Triterpene alcohols from the flowers of com-
positae and their anti-inflammatory effects. Phytochemistry. 1996;43(6):1255-1260.

118. barajas-farias lM, Pérez-Carreón Ji, Arce-Popoca e, et al. A dual and opposite effect of 
Calendula officinalis flower extract: chemoprotector and promoter in a rat hepatocar-
cinogenesis model. Planta Med. 2006;72(3):217-221.

119. Schempp CM, kirkin V, Simon-haarhaus b, et al. inhibition of tumour cell growth by 
hyperforin, a novel anticancer drug from St. John’s wort that acts by induction of apop-
tosis. Oncogene. 2002;21(8):1242-1250.

120. Tozyo T, yoshimura y, Sakurai k, et al. novel antitumor sesquiterpenoids in Achillea 
millefolium. Chem Pharm Bull (Tokyo). 1994;42(5):1096-1100.

121. Zeylstra h. Hamamelis virginiana. Br J Phythther. 1998;5(1):23-28. 
122. bashir S, Janbaz kh, Jabeen Q, Gilani Ah. Studies on spasmogenic and spasmolytic 

activities of Calendula officinalis flowers. Phytother Res. 2006;20(10):906-910.
123. Gilani Ah, khan Au, Subhan f, khan M. Antispasmodic and bronchodilator activities 

of St John’s wort are putatively mediated through dual inhibition of calcium influx and 
phosphodiesterase. Fundam Clin Pharmacol. 2005;19(6):695-705.

124. lemmens-Gruber r, Marchart e, rawnduzi P, engel n, benedek b, kopp b. 
investigation of the spasmolytic activity of the flavonoid fraction of Achillea millefolium 
s.l. on isolated guinea-pig ilea. Arzneimittelforschung. 2006;56(8):582-588.

bioregulation, Multitargeting, and Traumeel 




