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In the first part of this work (published in NAJOM) we reported temperature profiles of burning moxa and discussed how the effects of moxa on the immune system might result from temperature stimulation in the skin. Here we consider some characteristics of moxa other than temperature, and discuss the part they may play in therapeutic responses.  

Chemical constituents of moxa

Pure moxa contains a complex mixture of natural chemicals. An analysis of Artemisia princeps leaves
 (a premium strain of mugwort used for refined moxa in Japan), using two methods of chemical extraction, identified 192 volatile substances. The most abundant were borneol , cineole, artemisia acetate and alpha thujone.  It is not known how many of these 192 substances are lost during the processing and ageing of moxa, but the strong fragrance of pure grade moxa such as Ibuki is evidence of its remaining high cineole content.
Borneol and cineole belong to a large and varied group of chemicals called monoterpenoids, which form the basis of essential oils derived from plants, and are used in many traditional herbal formulas. Borneol, closely related to camphor, has anti-inflammatory and antiseptic properties, and has many uses when applied topically, such as to treat burns, skin diseases, rheumatism and haemorrhoids
. Cineole, also called eucalyptol, is a common ingredient in mouthwashes and cough suppressants. Its anti-inflammatory action controls mucus and when applied to the skin it reduces pain and inflammation. 
Among the less volatile components of moxa are tannins. These are classified as polyphenols – complex organic molecules that have known antioxidant properties. Low volatility alkanes (paraffins) are also important constituents, particularly in their influence on the combustion qualities of moxa. Kobayashi
 found that during the refining process of moxa there was a significant decrease in tannin content, whilst the amount of the major alkane, heptatriacontane, remained the same.  Moxa from which the alkane had been removed burned much more slowly, so variations in the tannin: heptatriacontane ratio may help to explain differences in the rate and temperature of combustion of different moxa grades, as well as some of the attributed therapeutic effects. 
 It is highly likely that, in addition to affecting the combustion properties of moxa, these chemical constituents have some direct effects on the body as they are absorbed into the skin. We can expect their penetration into the tissues to be determined by factors such as the quality of moxa, mass and basal area of the cone, burning temperature and the degree of tissue damage from heat.  Another factor that we can vary when using multiple direct moxa cones is whether we remove the ash each time or burn the next cone on top of the ash. In the latter case the patient will feel less heat (which, of course, may or may not be desirable depending upon intended response), but presumably this procedure also allows more of the tar components to penetrate the skin.  In many moxa treatments we are taught that heat / pain must be felt in order for the treatment to be effective although authorities do differ on this issue. Some patients are much less sensitive to direct moxa heat than others, and so may need more or larger cones, providing a higher dosage of chemicals. The relative importance of heat versus chemical effects is as far as we know an unresearched area worthy of further investigation. 

Evidence for chemical actions of moxa 

Most of the studies investigating the effects of moxa chemicals have been carried out in vitro (using cell cultures on which individual chemicals are tested under carefully controlled conditions). Whilst these studies provide information about the potential effects of chemicals on biochemical processes in the body, they are far removed from the real situation of direct moxa application on skin, and the results cannot be extrapolated to predict tissue or whole body responses to moxa. However, some information about tissue penetration of moxa chemicals was provided by Tohya et al
 , who burned 0.5mg cones on rats for 20 consecutive days and observed the changes in the skin cells. After 3 days they noticed an influx of inflammatory cells into the dermis, although only the epidermis appeared to be damaged by heat. After 20 days there were changes in the blood vessel walls of the dermis that allowed further infiltration of lymphocytes into the area.  However, when they used moxa that had been treated with alcohol to remove major components of the moxa tar, these effects did not occur. They hypothesised that moxa chemicals permeating the skin were able to stimulate cell growth in the blood vessels and somehow act as attractants for migrating immune cells into the area. In a later study using similar methods, the same authors observed enhancement of the immune cells in regional lymph nodes after moxa treatment, but again, not when the moxa had been alcohol treated. 
Analyses of biochemical components of moxa and demonstrations of their antioxidant and anti-inflammatory qualities have been reported by several groups
,
. In particular, caffeetannins are present in high concentrations in pure grade moxa (and can be removed by prolonged soaking of the moxa in alcohol, supporting the ideas of Tohya et al ). Caffeetannins are recognised anti-oxidants and free radical scavengers; it is likely that these compounds, as well as affecting the combustion temperature of moxa, are able to have some biochemical impact as they penetrate the skin. 
Transient Receptor Potential (TRPs) associated with Chemical Constituents

Transient Receptor Potentials are sensory receptors found in skin cells and some sensory nerve cells. They play a vital role in the perception of temperature and other stimuli, and their activation is known to be involved in certain immune responses, with systemic effects on the whole body. In particular, four of these receptors (TRPVs) act as molecular thermometers, each being activated by a different temperature threshold.   In Part 1 we considered how the effect of temperature stimulation by moxa cones might depend on the relative activation of these TRPVs.  In addition to temperature, TRPVs are also receptive to many plant chemicals - indeed, a whole field of pharmacological research is exploring the potential of these sensing channels as targets for the development of new phytopharmaceutical drugs, particularly with respect to analgesia
.  
Monoterpenoids are amongst the plant derivatives known to activate TRPs, as demonstrated in a number of in vitro studies.  TRPV1 (sensitive to temperature 42° – 52°C) in sensory neurons, was found to be activated by camphor
, but repeated applications caused desensitisation, perhaps explaining the analgesic action of camphor.  This study also found that the effect of camphor on TRPV1 was stronger at slightly elevated temperature or in the presence of irritant chemicals, suggesting that  camphor may be a more effective counter-irritant under conditions of tissue inflammation.  These results also suggest a synergistic effect of temperature and chemical stimulation on TRPs, which would be very relevant to the use of direct moxa. 

TRPV3 operates in the temperature range of 39° – 42° C and is also activated by many monoterpenoids, including borneol, which was shown to be much more effective than its close relative, camphor
. In another study
, cineole was found to sensitise TRPV3 with short term repeated applications, but long term application caused desensitisation, again possibly explaining its analgesic effects.  
Some interesting links can be made here, which may help explain how moxa works on the body. For example, TRPV3, which has been shown to play a key role in the maintenance of healthy skin and hair growth, is strongly activated by borneol. Both borneol and camphor have long been used in topical treatments for hair loss, and direct moxibustion is also recognised as a local treatment for hair loss by many practitioners
. Carvacrol, isolated from oregano plants (but also found in moxa
), has been found to relax arteries and cause vasodilation by activating TRPV3 in artery walls. 
TRPV1 is activated by capsaicin (from hot chilli peppers) and extracts of ginger, which may be an important part of the mechanism of action of these natural substances in the traditional treatment of more systemic conditions such as gastric problems and arthritis. It can be suggested that this same response or one like it might be involved in local moxa treatment near inflamed arthritic joints. Iwasaki et al 
found that exposure to ginger extract promoted adrenaline secretion via the activation of TRPV1 in rats. This suggests that the practice of indirectly burning moxa cones on slices of ginger on the skin may be able to stimulate TRPV1 and thereby affect the neuroendocrine system, even if the skin temperature does not reach the 42ºC threshold, but the overall effect on the body will be the result of a combination of temperature and chemical stimulation. 
How do we choose where to apply moxa? 

According to the evidence we have presented so far, it would seem that, in theory, applying moxa anywhere on the body surface could elicit some response in the underlying tissues and potentially some systemic response. We could expect thickness and pigmentation of the skin to be important and we may need to adjust our dose to account for this, but what additional factors might make the application of direct moxa more or less effective?  
Possible Biophotonic Responses

In what way does the use of meridian points affect our result? One possibility, which we might favour as practitioners of traditional acumoxa, is that heat (or some signalling or messaging trigger) is conducted more efficiently along channel pathways. This idea is supported by the view now widely accepted amongst scholars, that acupuncture channel theory developed directly from seminal descriptions of the channels as evidenced in the Mawang Dui texts, describing channels, but not actually describing treatment points.

In 2005 some research was published
 which supported this idea, intimating that demonstrative proof of the existence of the channels had been revealed. Indirect stimulation using moxa (or “similar light stimulation”) at the 3-5 micron infrared wavelength spectrum, typical of a moxa stick, revealed channels of light appearing on the body, when photographed with a biophotonic camera. This seemed to imply something not only about the energetics or signalling system of the human body, but also about the property of moxa.

Unfortunately it appears that the research has been difficult to replicate
 (which seems to be a characteristic of the quest for the proof of meridians). However, some secondary research quite closely related to this (currently unpublished)
, using the same camera equipment, has potentially produced some fascinating results concerning whole-body effects from the lightest stimulation by moxibustion. The Inoue-style tonifying “chinetsukyu” moxa, consisting of large cones of aged moxa burnt only until the merest hint of warmth was felt, were applied to principle key acupoints, particularly TB4 and TB5. The camera in this instance revealed, not the lines of light in the earlier research, but an improbable whole body effect from this tiny heat stimulation. The camera was once again measuring photon emission. Since this is an emission of energy, it might suggest that the body was losing something energetic in response to the slight stimulation from the moxa. This would seem to run counter to the idea that moxibustion gives some type of energetic sustenance to the system. But if the photonic emission is evidence of a general ionic discharge reflective of a rebalancing response in the body, the implications would be quite different. As ever, further work needs to be done. Unfortunately we have no record of the wavelength spectrum of the moxa when burnt on this occasion, which may of course be of significance. 
The results from either project have enormous implications should they be ultimately shown to be repeatable.
Moxa and the issues of Infra-Red

Infra-red (IR) is a form of wave energy which comprises wavelengths of between 0.7 and 1000μm (microns). Any object in the universe above absolute zero in temperature (-273°C) emits some form of IR radiation. Just as white light is a composite of varying wavelengths of visible light energy, any sample of IR radiation will provide a unique composite of wavelengths of infra-red energy making up a whole. A multi-spectrum measurement graphically represents the relative intensities of the various wavelengths in any particular emission, and can provide an individually identifiable pattern for a given IR source
Research into this field of interest was stimulated by efforts to obviate health problems for astronauts exposed to weightlessness for long periods. These problems included immune deficiency, sluggish wound healing, muscle and bone atrophy, pituitary insufficiency and hormone imbalances. The initial NASA experiments involved plant experiments which showed that plant cells exposed to particular wavelengths of infrared grew as much as 200% faster than cells not exposed. Subsequent research suggested that wavelengths of between 4 and 14 microns have particularly positive effects on human cells with recorded benefits, for instance, in the treatment of diabetic skin ulcers. It is understood that IR at these wavelengths penetrates deeply into tissue with a very uniform warming effect. It is also suggested that it helps reduce body acidity by expanding capillaries, and increasing the flow of blood and lymph.

An imaginative study conducted in Shanghai 
 measured the spectra of IR emitted from three different indirect moxa sources (using moxa burnt over ginger, aconite and garlic). These were then compared to similarly measured spectra emitted from moxa burnt over slices of cucumber and carrot as controls, and also to that from a simple moxa stick. The findings were then compared to the spectrum of IR emitted from a typical acupoint location (LI4 hegu), since infra-red radiation is continuously naturally emitted from human skin as well. 

The resulting comparisons provide provocative food for thought. Firstly the IR spectra for moxa burnt over each one of the three traditional sample materials (ginger, garlic and aconite) were almost identical. A typical profile (Fig 1) showed a maximum intensity of radiation of around 570 mV peaking at a wavelength of 7.5 µm.  In stark contrast, the control samples peaked at 5µm and gave much lower intensities (carrot 50 mV, cucumber 274 mV). The raw moxa stick was again completely different, with a huge intensity of 43300 mV and peak at 3.5µm. These differences might account in some way for the traditional choice of intermediary materials. But what was even more remarkable was that these graphic spectral profiles of moxa burnt on ginger, aconite and garlic almost exactly matched the profile of infra-red emitted from the surface of human skin at LI4 Hegu, although this was of much lower intensity (max 20 mV).  

The hypothesis proposed from this finding is that moxa burnt over these intermediary materials, because of their almost identical profile to the radiation emitted from the body itself, might create some type of sympathetic vibration in the organic molecules around and under the combustion site because of its easy absorption. It is a huge jump from this point to speculate on any therapeutic effects this might have, but it is a fascinating area for further research. 
The moxa (whether stick moxa or raw moxa) used in this research all came from the same source to maintain quality of control. It appears from the report that this moxa was not aged in the traditional fashion, but was relatively “crude” (fresh and relatively impure and unprocessed compared to refined moxa). It would be fascinating to compare the IR spectrum of high grade moxa which has been both refined and aged.  It is fairly safe to assume that this will be different to the moxa used in the research (certainly the intensity may be significantly reduced).This makes it  impossible to extrapolate from these results to suggest infra-red effects of aged moxa when used alone, or indeed aged moxa on intermediary material, since significant variables would be introduced. The question arises, however, whether the IR profile is of major significance in the response to some methods of moxibustion, and whether this might be affected by refining and ageing, particularly since the process of ageing of moxa goes right back to its earliest recorded references in the historical literature.

The treatment of indurations and tightness close to the spine
Rather than using acupoints, many moxa practitioners palpate to find indurations and sensitive areas on the skin – knots or places where there is stagnation. Here the need is to increase blood flow and remove toxins from the area. Often such treatments are done on the back, close to the spine, where, theoretically at least, these knots or stagnant areas might be adversely affecting the feedback through the endocrinal homoeostatic loops between brain and internal organs, or even limbs, through the CNS via nerves emanating from the spine. Might this explain why melting these indurations through moxa application often seems to have wider effects? Traditionally, both in China and Japan, moxa has been frequently used on points on or near the spine. 
Conclusions

It seems highly probable that the effects of moxa are due to multiple mechanisms at work, which may impact on the effects dependant upon the technique being used. If this is the case, it is almost certain that unpacking these mechanisms in more detail may reveal improved or more targeted treatment approaches specific to particular types of patients or illness. Like acupuncture, moxa has been used to treat many sorts of disease, but the methods of application are highly variable. There is a clear likelihood that the range of reported responses may arise from combinations of triggers – from discrete and specific heat-triggered responses from receptor proteins, and/or from responses mediated by the autonomic nervous system, from chemical responses dependant upon the composition and application of the moxa floss, and from cellular responses activated by the absorption of specific wavelengths of infra-red. In addition, effects may result from palpably confirmable changes in the musculature adjacent to the spine directly affecting the endocrine system. And, of course, there may be others!
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