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Mechanisms Responsible For The Effects Of Acupuncture

Introduction

The World Health Organisation defines acupuncture as ‘the stimulation of certain points on the body (acupoints) by using needles, moxibustion, electricity, laser and acupressure for therapeutic purposes’ (World Health Organisation 2002, Shang, C 2000). Acupuncture points play a part within the meridian channels that travel along channels throughout the body. Although acupuncture has a long clinical history and has existed as a therapeutic modality since the stone age (around 5000 years ago), it was slow to be accepted in the west because of a lack of substantial scientific evidence behind it (Tsuei 1996). Known to treat nearly all ailments, disorders and patterns in TCM theory, acupuncture has gained greater acceptance in the west as the scope of acupuncture research has broadened (Tsuei 1996). As the popularity of acupuncture in the west has increased, extensive literature and research has been conducted to scientifically prove the mechanisms related to the therapeutic effects of acupuncture. 
This literature review will draw upon information collected from the Cochrain Library, Pubmed and related reference lists received from important literature explored in preliminary readings. Searches conducted included ‘acupuncture effects,’ ‘acupuncture mechanisms,’ ‘acupuncture properties,’ ‘acupuncture microcirculatory effects,’ ‘electrical properties of meridians’ etc., which gained an insight into the most important literature, recent research, important hypotheses, contrasting perspectives and controversies, primary methodologies and possible directions of future research concluded in this literature review.
The effects of acupuncture can be divided into two categories, acupuncture analgesia and therapeutic acupuncture. Literature published and research has focused heavily on acupuncture analgesia (such as Pomeranz and Stux 1991) however this literature review will focus predominately on the less understood therapeutic effects, which have underlying mechanisms. Therapeutic effects can be both local and distal however Carlsson (2002) categorises them into a few major categories including a) peripheral events that improve tissue healing and give relief to pain b) spinal mechanisms such as gate control c) supraspinal mechanisms  and d) psychological. The mechanisms responsible for these effects are numerous however only electromagnetic, cellular, peripheral, neurological and biological mechanisms will be discussed in this literature review.     

Important Hypothesis
The earliest hypothesis to explain the mechanisms of acupuncture were mainly neurological in nature with research focusing predominately on mechanisms related to pain and acupuncture analgesia. The early hypothesis known as the nerve-reflex theory claimed that acupuncture involves the stimulation of the body surface which causes vasodilation and vasoconstriction and changes the flow of blood and lymph between the skin and internal organs via the autonomic nervous system, which activates the endocrine and immune systems due to connections between the skin surface and internal organs. This theory lacked substantial research with acupuncture only becaming validated into mainstream science following the discovery of acupuncture analgesia in the late 1970’s. This has received more research than any other aspect of acupuncture theory (Shang 2000, Pomeranz and Stux 1991), which concluded that the endogenous opioid peptide system influences the body’s pain regulatory system by changing the processing the perception of the noxious information at various levels of the central nervous system (Helms 1998, Shang 2000). Pomeranz and Stux (1991) summarised the theory of Pomeranz’s earlier works in the publication ‘Acupuncture Analgesia: Basics of Acupuncture’ in a precise and condensed explanation that laid the framework for the success of the ‘neurohumoral theory.’ Despite providing little prediction power and being narrow in its span of information (Shang 2007), this theory provided a rich array of research that developed a platform that future research into the mechanisms of acupuncture could base their hypothesis on. 
The Morphological Singularity Theory was the next prominent hypothesis to increase the understanding of the mechanisms of acupuncture. Claiming to complement the neurohumoral model, Charles Shang developed from work conducted in the 1980’s to provide an explanation into the cellular mechanisms of acupuncture in growth control and morphogenesis (Shang 1989, 2000, 2007). The Morphological Singularity Theory discusses that a change in electrical field activates the growth control system. Pivotal to his theory is the idea that acupuncture points have a high density of gap junctions and low electric resistance, which allows the flow of electricity to move freely from one gap junction to the next (Shang 2007). These signals play a role in mediating intercellular communication and acupuncture effects (Shang 2000). Shang (1989, 2000 and 2007) accurately explores a number of issues related to acupuncture such as the effect of growth control on the long-term effects of acupuncture as well as the origin, function, distribution of acupuncture points and meridians. His theory opens up many doors from a biological perspective and has paved way for future research on the holistic effects of acupuncture and energy distribution within the body. This argument falls short because it fails to fully explore other issues such as the anatomy, structure and differentiation of acupuncture points as well as the bioelectromagnetic and peripheral effects of acupuncture.
.  
The Role of Connective Tissue
Despite opposition by Chang (2007) who believes that distal effects in acupuncture are caused by changes in the morphogenic field in growth control, the majority of current research demonstrates that acupuncture points exist in a network of connective tissue at locations where the needle can gain access to deeper tissue components (Langevin 2002, Kuo 2004, Langervin and Yandow 2002). Research methods have used MRI imaging on acupuncturing subjects to study the distribution of connective tissue throughout the body (Langevin 2002, Kuo 2004 and Langevin and Yandow 2002). The long-term effects caused by manipulations in connective tissue (Langevin 2002, Langevin and Yandow 2002) have also been extensively explored in research related to connective tissue. 
The phenomenon of de-qi (or needle grasp) is an important area for future study because all effects of acupuncture are directly related to its stimulation. Acupuncture is believed to create a signal, either mechanical, bioelectrical and/or biochemical in nature, that increases the blood flow, produces changes in the connective tissue and biochemical architecture and leads to a variety of cellular and extracellular events (i.e. gene expression and modifications of the extracellular matrix) immediately after needling (Langevin et al. 2002 and Kuo et al. 2004). This is important because without it, the effects of acupuncture are minimal.
Electrical Properties
The electrical properties of acupuncture, acupuncture points and meridians have been extensively studied (Communetti 1995, Colbert 2005, Chen 1996, Ahn et al. 2008, Shang 2007). These studies have concluded that acupuncture points are electrically distinguishable to non-acupuncture points (Ahn et. al 2008) because of small electrical currents that are generated by the insertion of a needle into the connective tissue (Connor 2004). Many electrical properties have been discovered over a long duration of research including high electrical conductance, reduced impedance and resistance, increased capacitance and elevated electrical potential (Chen 1996, Ahn (2007). 
Various technological instrumentations have been used to measure the electrical properties of acupuncture points and meridians. Initially, a RC-parallel circuit was used to measure the electrical properties of deep tissue or dermis, skin potential and ionic movement in response to an applied voltage (Chen 1996). Direct Current Devices were also used, which discovered a small DC current that generates a local bioelectrical current that evokes a number of mechanisms (such as electrical conduction) and activates the flow of electrons and ions between damaged cells, across broken blood vessel walls and throughout the body (Chen 1996, Ahn 2008, Gerber 2000). It was hypothesised that these DC gradients of electrical potential may be present for hours, days or even weeks during both development and regeneration (Kuo 2004).

By using small active ‘monopolar electrodes,’ research into electrical conductance and impedance became the primary parameters measured (Ahn et. al 2008). Most papers existing back to the 1950’s explain that acupuncture points and meridians have high electrical conductance and low electrical resistance and impedance (Kuo 2004, Shang 2000) however some results are mixed (Ahn et al. 2008, Shang 2007). Despite this scepticism however, other researches have hypothesised and used high electrical conductance as the basis of their conclusions claiming that electrical conductance is important because it promotes many biological processes such as cell growth, cell repair, cell and nerve generation as well as morphogenesis and that acupuncture points have a higher conductance compared to non-acupuncture points because they have a high density of gap junction (Shang 2000). Other researches such as McCraig et al. (2005) explain that a high electrical conductance can change the frequency of membrane-embedded channels and alter the flow of ions going in and out of the cellular membrane. Acupuncture also modifies the voltage across membranes leading to altered cellular behaviour (McCraig et al. (2005), maintains the appropriate electrical charge within a nerve cell membrane and produces bioelectrical currents throughout the nervous system within cells and tissues of the body (Gerber 2000).   Electrodermal screening is the most common method used today to measure electrical conductance and resistance, which works by delivering an electrical stimulus under the skin to measure the energetic properties of the skin at acupuncture points and measures electrical conductance and resistance (Chen 1996 and Communetti 1995).
Despite advances in technology and improvements in modern research methods that can identify local anatomy acupuncture that may affect electrical measures (e.g. sweat glands) such acoustic microscopy and optical coherence tomography (Ahn. et al 2008), it is difficult to maintain validity in studies that focus on the electrical properties of acupuncture points and meridians because there will always be impeding factors such as disturbances in pressure (i.e. electrode pressure), skin electrode impedance, the angle of measurement, humidity of skin (skin moisture), different thickness of stratum corneum and electrode polarisation etc. (Ahn et al. 2008). This area of study remains difficult because distinct electrical properties are altered by external factors and stimuli that disturb the objectivity of measurements of acupuncture points or meridians. While the technology has improved, it is still very invasive, which makes it difficult to calculate accurate data and therefore predict possible conclusions. 
Peripheral Mechanism: Microcirculation
An understudied area in the mechanisms of acupuncture is the microcirculatory characteristics of acupuncture points. It has been hypothesised that increased blood flow occurs following the response of de qi in specific organs (Kuo et al. 2004). Microcirculation increases the local blood supply at acupuncture points allowing oxygen-rich red blood cells migrate to the cell to increase oxygenation in the tissues (Connor 2004; Gerber 2000), flush out toxins, waste products and other accumulated particles and chemicals from the tissues (Connor 2004). Various white blood cells also migrate to the acupuncture site to heal and repair cells in painful, inflamed or injured areas of the body (Gerber 2000). 

A number of studies have used Laser Doppler Flowmetry to measure the effects of microcirculation at acupuncture points and along meridians. These signals are significantly larger at acupuncture points than surrounding tissues (Hsiu 2007) with acupuncture points having significantly slower mean blood velocity than their surrounding tissue (Langevin and Yandow 2002).
Conclusion
In understanding the mechanisms of acupuncture, it is possible to draw conclusions that can ensure future development in the diagnosis and treatment of disease. Future research should focus on mapping the meridian system and acupuncture points in relation to acupuncture anatomy (such as the location of nerve bundles, blood vessels, muscle, lymph nodes, neurovascular bundles, neuromuscular attachments, sensory nerve endings and connective tissue) in relation to acupuncture points. It should also explore and map the electrical properties in various parts of the body (i.e. organs) to objectively find ways to regulate the body. 
Research into the mechanisms of acupuncture must extend beyond acupuncture specialists to biologists, biophysicists, mathematicians, engineers, cell biologists, clinicians and other biomedical researches to gain a more specialised perspective. It is also necessary to prove the exact effects of de qi, the dynamics of the electromagnetic field within the human body as well as exploring acupunctures relationship to biochemical and immune reactions and processes.
The list of possible research questions could go on forever because the mechanisms of acupuncture are extremely misunderstood. An accurate hypothesis demonstrating the complexity of the acupuncture system would provide important clues regarding the electromagnetic nature of life and the way that electromagnetic fields are distributed throughout the body and the environment. In understanding the electromagnetic nature of acupuncture points and meridians it takes us one step closer to understanding how other mechanical and biochemical processes are stimulated by qi flow throughout the environment and therefore provides clues to the underlying mechanisms of all life processes.    
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