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Introduction

Acupuncture represents an ancient art of medical practice which has its roots in antiquity. Perhaps the earliest record of acupuncture dates to the “Ice-Man” found in the Italian Alps, who had a tattoo over a known acupuncture point which had to have been placed there by another person. On magnetic resonance imaging (MRI), the Ice-Man had an intervertebral disc herniation which should have been painful and which might have responded to acupuncture treatment at the tattooed point.

Understanding acupuncture in today’s terms must take into account the history of acupuncture and the changes in technology that developed as acupuncture theory evolved. Today, we can look into the body in non-invasive ways using techniques like MRI, while in ancient times, science was limited to observations of the world at the time. For example, we now know the location of nerve pathways throughout the physical body which were not know to the ancients. On the other hand, early acupuncturists documented and characterized acupuncture points which lie on the nerves that we know today. As such, to know acupuncture is to know the nervous system. Certainly, we know that for acupuncture to work, it requires an intact nervous system and acupuncture is not effective if the nervous system is damaged beyond repair.


From a modern prospective, acupuncture represents a form of nerve stimulation. Local counterirritation cause by needle insertion (or other form of acupuncture point stimulation) leads to microtrauma of the tissues. What follows is a complex, yet integrated series of reactions that leads to stimulation of the nervous system. Depending upon the acupuncture point selected and the method of stimulation, there will be sequential and simultaneous activation of local, segmental and super-segmental neural pathways. These changes ultimately lead to altered blood flow, altered humeral responses and affects within the immune system.

The volume of work which describes these effects individually or in aggregate is enormous and can be confusing due to conflicting, yet cohesive data. What is represented here is an overview (with support of selected studies) of a prevailing, integrated view of acupuncture based upon recent advances in understanding functional neurophysiology and how it relates to acupuncture. Included are some findings about transcutaneous nerve stimulation (TENS) since these modern devices represent another form of acupuncture. In animals, it is much easier to place a needle directly through the haired skin to achieve transcutaneous nerve stimulation than to apply external electrodes to accomplish the same effects.


The events of acupuncture will be discussed anatomically and functionally somewhat in isolation, but the reader should remember that all of the events of acupuncture take place (under normal circumstances) together at the same time.
Historical Evolution of Modern Acupuncture

Acupuncture is most closely associated with ancient China where it remains part of Traditional Chinese Medicine (TCM). The first written record of acupuncture is found in the 2,700 year-old Huang Di Nei Jing (Yellow Emperor's Classic of Internal Medicine), one of the oldest medical textbook in the world. It contains the earlier theories by Shen Nung, the father of TCM. Shen Nung documented theories about circulation, pulse, and the heart over 4,000 years before Western medicine had any concept about them. The first veterinary text was written in China around 450 BC, dealing with the treatment of horses with acupuncture and TCM herbal medicine.


Interest in acupuncture in the United States exploded in the 1970s following President Nixon’s historic trip to China, where demonstrations of surgical analgesia using acupuncture were made. Reportedly, one of Nixon’s aids was ill and responded almost immediately to acupuncture treatment, even though Western medicines were not working. This led to a great increase in scientific interest in acupuncture in the West, producing over 8000 scientific references to acupuncture since that time. In animals, the cited references make up about 1/10th of the total publications.


While acupuncture in human beings and domestic livestock are referenced in China for over 2000 years, recently some have criticized that acupuncture in dogs and cats in perhaps only 25 years-old. This may be true, since dogs and cats were not considered important animals in ancient China and certainly were not an integral part of the household as they have become in the West until recently. On the other hand, the principle of TCM and acupuncture for pet species does have it roots in olden times.


Successful application acupuncture depends upon three important factors: the acupuncture point; the method of stimulation; and the response observed. Modern experiments have shown that acupuncture points occur where nerves penetrate tissue planes or where nerves, themselves, divide. As such, there are 4 major types of acupuncture points. Type I (motor) points are the most common and exist where nerves penetrate muscles. Type II points are located where nerves intersect on the dorsal and ventral midlines of the body. Type III points are located where superficial nerves branch. Finally, Type IV points are located where nerves penetrate tendons (Golgi tendon organ).
, 
 Most acupuncture points are located at areas of low electrical resistance and high electrical conductance of the skin. Deep in the point, there are accumulations of free nerve endings; small arterioles, veins and lymphatics; and tissue mast cells.
 Stimulation of these points results in degranulation of the mast cells, activation of the inflammatory cascade, alterations of blood and lymph flow, and conduction of nerve impulses to the central nervous system. This results in a local response which spreads over time throughout the entire neural axis evoking numerous biochemical changes within the nervous system and eventually the whole body. The initial sensation is termed, “de Qi”, meaning, “the arrival of Qi”. In this context, Qi can be interpreted as “energy”.


As the basis of ancient acupuncture, Shen Nung theorized that the body had an energy force running throughout it. This energy force is known as Qi (roughly pronounced Chee). The Qi consists of all essential life activities which include the spiritual, emotional, mental and the physical aspects of life. A person's health is influenced by the flow of Qi in the body, in combination with the universal forces of Yin and Yang. If the flow of Qi is insufficient, unbalanced or interrupted, Yin and Yang become unbalanced, and illness may occur. Qi travels throughout the body along "Meridians" or special pathways. The Meridians, (or Channels), are the same on both sides of the body (paired). There are fourteen main meridians running vertically up and down the surface of the body. Out of these, there are twelve organ Meridians in each half of the body. There are also two unpaired midline Meridians. The acupuncture points are specific locations where the Meridians come to the surface of the skin, and are easily accessible by acupuncture, moxibustion, and acupressure. The connections between them ensure that there is an even circulation of Qi, a balance between Yin and Yang. Energy constantly flows up and down these pathways. When pathways become obstructed, deficient, excessive, or just unbalanced, Yin and Yang are said to be thrown out of balance. This causes illness. Acupuncture is said to restore the balance.


Yin and Yang is an important theory in the discussion of acupuncture treatment, in relation to the Chinese theory of body systems. Qi is prevalent throughout all of nature and is comprised of two parts, Yin and Yang. Yin and Yang are opposite forces, that when balanced, work together. Any upset in the balance will result in natural calamities, in nature; and disease in human beings. Yin is signified by female attributes, passive, dark, cold, moist, that which moves medially, and deficient of Yang. Yang is signified by male attributes, light, active, warm, dry, that which moves laterally, and deficient of Yin. Nothing is completely Yin or Yang. The most striking example of this is man himself. A man is the combination of his mother (Yin) and his father (Yang). He contains qualities of both Yin and Yang forces. Within Yin, there is Yang, and within Yang, there is Yin.


As the ancient Chinese looked upon their world and observed nature, they found universal relationships in all things. They described these events and used them to develop TCM principles of health and disease. From these observations, a number of medical theories emerged. The most commonly used are 5-element theory, 8-principles of disease, and ZangFu (organ) physiology. TCM today, incorporates aspects of each of these theories in determining the disease pattern and treatment plan.


Nature is made up of combinations of wood, fire, earth, metal and water. Each element represents an energy, direction, season, color, taste, feeling, ZangFu organ and tissue. Wood is warm, east, spring, green, sour, anger, liver-gall bladder, and tendons and ligaments. Fire is hot, south, summer, red, bitter, joy, heart-small intestines/pericardium-triple heater, blood vessels and tongue. Moreover, individuals tend to have certain characteristics which can be explained by their elemental constitution. Wood animals are the generals. They want to be the leaders, want to be in control and want to be around other animals. They are the alpha dogs. Strong, loud and easy to anger, yet who you want around in a pinch. Fire animals are exuberant. They are the emperor and are the leaders. They are bouncy and always on the go. They seem to never run out of energy and are always joyful. Earth animals are laid-back and easy going. They need constant companionship and seek to please, desiring praise for their loyalty. They worry too much about pleasing others. Metal animals are the ministers. They hold themselves aloof and are loners. They are frequently sad, yet competent when called upon to perform. Water animals are fearful and timid often hiding when around strangers. Their bark is usually worse than their bite. Knowing the constitution of the animal can help in determining how to help maintain health and minimize complications as the animal’s age.


According to TCM theory, there are 2 major cycles: creation (shen) and control (ko).The creation cycles states, “wood feeds fire and is consumed to produce earth which is compacted to make metals giving rise to mountains who capture water which flows to feed the wood.” This relationship means that wood is the mother of fire and fire is the child of wood. Wood nourishers fire who benefits from this relationship while draining the resources of wood. The control cycle states, “wood sends roots to hold the earth which builds up to dam the waters which quench the fires that melt the metals which can be formed into axes to chop-down the woods.” As such, wood is the grandparent of earth and restrains it from action.


The 8 principles of disease determine whether the disease is superficial (exterior) or deep (internal) which describes the location of the disease. The disease is then characterized as hot or cold which determines the nature of the disease pathogen. Finally, the disease is classified at excess or deficient which explains the relative strength of the pathogen and the body’s defense mechanisms as they battle. These are called the 6 roots: exterior-interior; hot-cold; and excess-deficient. They are further described as to Yang or Yin. Yang diseases are usually exterior, hot and excessive, while Yin diseases are interior, cold and deficient.


There are 6 ZangFu organs (2 are fire elements, presumably since the emperor’s functions were important enough to include additional components to carry out the emperor’s duties) and include a husband-wife pair (Fu-Zang). In TCM, the wife always comes first, hence ZangFu. These are Liver (Yin)- -Gall Bladder (Yang); Heart (Yin)- -Small Intestines (Yang) plus Pericardium (Yin)- -Triple Heater (special Yang organ that regulates exchange of functions between the upper, middle and lower parts of the body); Spleen (Yin)- -Stomach (Yang); Lung (Yin)- -Large Intestines (Yang); and Kidney (Yin) and Urinary Bladder (Yang). Each of the ZangFu organs has superficial Meridians which connect them to the organ functions and are accessible through acupuncture. In fact, recent scientific studies have shown that these connections do exist and are the basis for the somatovisceral reflexes and referred pain. Even though ancient Chinese did not perform anatomical dissections, they did uncover significant understandings of the inner workings of the body. We have interpreted these findings in translations of their works, but it is astounding how intuitive many of their insights were, particularly when the basic tenets of their understanding of ZangFu physiology were laid down over 2000 years ago.


By describing the pathology of disease in terms of these theories, acupuncture treatment plans can be developed. In the West, we like to use formulas to determine what treatments should be used, following only the application of points which have been previously shown to work in that disease. This, however, limits the use of acupuncture and TCM. It reduces the art of acupuncture to the science of Western thoughts. We do this too much, as it is. On the other hand, it is still important to study and characterize the effects of acupuncture both when it is successful and when it fails, since even ancient wisdom must continue to grow and refine. In general, local conditions can be treated locally. All local points act locally. In addition, constitutional points can help support the patient’s struggle to return to health. Certain points have special functions which can be added as needed. Finally, 5-element points can be used to support and strengthen ZangFu organs to help with internal medicine problems.


Acupuncture has come a long way and we are now beginning to put scientific methodology to it, defining its principles in modern terms and clarifying its past. As we scrutinize acupuncture, it is remarkable how much of the old knowledge stands up to the pressure. Personally, I think the pressure is on modern science. Think of the challenge it is for science to explain how a single, small needle appropriately placed can lead to rapid resolution of signs of disease. There is no doubt that this happens, whether explained in terms of Yin or Yang or in terms of endorphin release or neural stimulation.

Recent Advances in Acupuncture Neurophysiology


Although acupuncture has its roots in ancient times before modern scientific methods were available with which to study it, many important studies have been done to indicate how acupuncture works and what physiologic mechanism are involved in its actions. One complaint has been that many studies have not been performed in a double-blinded manner, particularly when it comes to acupuncture where an acceptable sham procedure has not been developed. On the other hand, studies where the results are not based upon subjective data (like, “How did it feel?”), but upon objective results of measurable test values (like, changes in blood cell numbers) are not subject to the placebo effect.
 As such, many of the studies of acupuncture upon animals are valid scientifically.


Recently, using functional MRI (fMRI), the basic tenets of acupuncture have been proven. Those are that acupuncture is based upon the point selected, the method of stimulation and the duration of stimulation. Stimulation of various acupuncture points result is specific special changes in the central nervous system (CNS). The change is mild when only acupuncture needles are used and become more pronounced if electrical acupuncture is added. While the change initially is more limited, over time, the entire neural axis becomes involved.
 In a separate study using fMRI, it was shown that acupuncture points that have analgesic properties associated with them tend to activate specific pain-associated brainstem regions. Non-analgesic acupuncture points do not activate these regions; rather they activate other regions of the brain.
 Although fMRI has only been used to examine about 15 different points, the experience has been enlightening. An additional study on the effects of acupuncture on equine colic demonstrated that while both needles and electrical acupuncture provide relief of clinical signs, but only electrical acupuncture results in system endorphin release.


Reviewing the recent literature, the National Institutes of Health (NIH) developed a consensus statement about acupuncture and its efficacy. NIH said that there was compelling evidence that acupuncture was usefully in the management of osteoarthritis and musculoskeletal pain. It can be helpful in treating many gastrointestinal problems, including inflammatory bowel disease, diarrhea, ulcerative colitis, peptic ulcers, dyspepsia, abdominal pain, nausea and vomiting. Acupuncture can help with management of pulmonary disease including colds and asthma. The immunomodulation of acupuncture can reduce inflammation, elevate WBC, and increase interleukin-2 production. Finally, acupuncture can help in treating reproductive disorders, decreasing uterine bleeding and regulating ovulation. While most of these studies reviewed the effectiveness of acupuncture in human patients, much of the data was based upon animal experimentation. Moreover, the conditions for which NIH thinks acupuncture can be effective are the same conditions which veterinarians treat with acupuncture.

Local Effects of Acupuncture

Acupuncture (Greek: acus needle; pungare to pierce: to puncture the skin with a needle) may be defined as the insertion on needles into specific points on the body to cause a desired healing effect. In TCM, acupuncture includes using fine-needle (dry needles) acupuncture, hemoacupuncture (blood letting), moxibustion (burning of the herb, Artemisia vulgaris, over acupuncture points), pneumoacupuncture (insertion of air under the skin), acupressure, and firing (counter-irritation with heat). In modern times, constant stimulation of the needles has been replaced by electrical acupuncture. Acupuncture (injection of dilute solutions into acupuncture points) and gold-bead implants (insertion of small metallic particles at certain acupuncture points) have also become popular. Low-power lasers and static magnets can also be used to stimulate certain superficial acupuncture points.

Most acupuncture points have been identified to be one of four basic types of points. All of these points are located along the nervous system. Although the ancients did not know the location or function of the peripheral nervous system, they mapped it by finding the location of the acupuncture points. The anatomic nature of acupuncture points represents neural vascular bundles: containing free nerve endings, an artery and vein, a lymphatic channel, and numerous mast cells. Most acupuncture points in animals also represent regions of low electrical resistance and high electrical conductance in the skin over the point.
 Most are also found in palpable depressions. When a needle is placed in an acupuncture point, there is local tissue trauma which activates Hageman’s tissue factor XII. This in turn results in the activation of local coagulation cascade and the complement cascade, leading to the production of plasminogen, protein kinins, and prostaglangins. Further, the trauma causes mast cell degranulation which releases histamine, heparin, proteases and bradykinin. As such, acupuncture can be thought of as a form of counter-irritation where the process sets up a local reaction that ultimately results in increase blood flow to the area, increased local immune responsiveness, and relaxation of the muscles and tissues in the area.

Studies at acupuncture points have provided evidence that they can have profound influences on the body and its function. GV (Governing Vessel) 26 which is located on the midline at a point equal to the bottom of the nostrils has numerous effects. If it is twisted, there is endorphin release leading to relaxation and calming of the animal. On the other hand, if it is manipulated by rapidly moving a needle in and out (bouncing off the bone), there is a release of epinephrine, which can result in revival of a patient. When experimental dogs had 50 percent of their blood volume rapidly removed, 75 percent of those who received stimulation of GV 26 survived, while 100 percent mortality was produced in the control animals. Pericardium (PC) 6, located on the midline above the wrist (2 cun [Chinese body inches]), is well known for its anti-nausea effects. In addition, a recent study showed that stimulation of PC6 resulted in decrease lipid peroxidation of the heart, increase coronary blood flow and stabilization of cardiac rhythm.

Segmental and Super-segmental Responses to Acupuncture

Once the local acupuncture point is stimulated, nerve impulses will travel up the sensory nerves to enter the spinal cord. For the most part, the fibers are part of the pain pathways, although proprioceptive fibers also are part of the overall activation by acupuncture stimulation. The concept that the acupuncture points were connected by some sort of channel is part of TCM theory. These eventually became know as meridians when the acupuncture maps of the body were made by French physicians. There does seem to be a close correlation between meridians and nerve pathways, particularly those in the extremities. Many of the properties ascribed to meridians are present in the peripheral nerves. Research in China has demonstrated that meridians may exist as formal structures. If radioisotopes are injected into one acupuncture point along a meridian and the meridian is stimulated, the radioisotope migrates and accumulates at other acupuncture points along the meridian. Stimulation of one point along a meridian tends to alter the resistance (usually lowers it) at other points along the meridian. If a radio signal is introduced at one acupuncture point on the meridian, the signal can be heard at other acupuncture points along the meridian. In each of these examples, the changes were not seen at non-acupuncture points or at other acupuncture points that were not on the meridian being studied. These facts suggest that acupuncture points are interconnected in some manner.

Pain sensation is carried in the lateral spinothalamic tract. Unmyelinated fibers from pain, pressure and thermoreceptors in the periphery enter through the nerve roots and pass 1-2 segments caudally and 3-4 segments cranially in the substantia gelatinosa. These then penetrate to synapse in the gray matter of the dorsal horn. Some fibers innervate locally the motor neurons of the spinal segment (including those on the contralateral half of the spinal cord), while the remainder of these second order neurons pass, for the most part, across the mid-line in the ventral white commissure to build up on the contralateral spinal cord in the ventromedial aspect of the lateral funiculus. The spinothalamic tract then proceeds cranially where the sensation for the head is placed in the pathway by way of the spinal tract of CNV (cranial nerve V) until it terminates in the thalamus. Along the way, many branches are given off in the reticular formation which assists in altering the cortex through the reticular activating system.


Pain is an extremely important biologic sensation. It alerts animals to hostile conditions in the environment. It make adaptive sense that this pathway travels up the contralateral spinal cord, since if the leg is immobile from paralysis, it is important to be able to feel it, so the opposite limb can be used to get away from environmental threats. On the other hand, if a limb is moving, it may leave a hostile environment before extensive damage might be done. Superficial pain can be tested by pinching the webbing between the toes; however, deep pain is best tested by clamping a hemostat on the joints of the digits so that the periosteum will be stimulated. Withdrawal of the limb is only a spinal reflex. Stimulation of the lateral spinothalamic tract and subsequent transfer of information to the cerebral cortex will result in a behavioral response. This may be crying, snapping or change in autonomic activities. Unless one or more of these behavioral responses is seen, deficiency of pain pathways must be considered.

The biochemistry of acupuncture is the same as that from TENS methods and involves the complex interaction of the endogenous opiod compounds with substance P, acetylcholine, serotonin, norepinephrine and gamma amino butyric acid (GABA) to name a few. It is generally agreed that TENS and acupuncture both stimulate nerve endings which in turn alters segmental and super-segmental spinal pathways. This leads to changes within the brainstem and the cortical regions and eventually affects the entire neural axis. Melzac and Wall suggested that stimulation of mixed sensory nerves results in transmission of proprioceptive information which arrives at the spinal cord before the pain information can be received due to the difference in their respective nerve conduction velocities.
 The proprioceptive information, then, through pre-synaptic inhibition, blocks the transmission of the pain information at the local level. In acupuncture, it may be the A delta fibers and type II proprioceptive fibers that are responsible for local analgesia rather than the large 1-a and 1-b proprioceptive fibers that have been associated with the effects of TENS units. On the other hand, the results are the same, both techniques produce analgesia. At one level, acupuncture is just another form of TENS. It is much easier to apply needles through the skin of animals that have hair than trying to glue electrodes on their shaved skin. When combined with electrical stimulation, acupuncture is the ultimate TENS technique.


The segmental analgesia from acupuncture utilized several neurochemical systems depending upon the stimulus applied. With electrical acupuncture at low frequency (4-20 Hz) the predominant reaction is due to activation of dynorphin neurons. This frequency also results in the release of endorphins from the brainstem in to the circulation as a super-segmental reaction. Both of these compounds and their effects can be blocked by naloxone (a morphine antagonist). At frequencies around 100 Hz, the primary mediator of segmental analgesia is due to enkephalins, which is not blocked by naloxone. At even higher frequencies (200Hz), the segmental effects are influenced greatly by descending serotonergic neurons which can be block by serotonin antagonists. This differential control of segmental analgesia depending upon the stimulus frequency partially explains the different results reported by some investigators in dealing with segmental pain control.


Because of the neurochemistry involved in acupuncture, a number of pharmaceutical compounds can alter the effects of acupuncture. Corticosteroid medications tend to lower endorphin levels and reduce acupuncture efficiency. Substance P, cyclic-GMP and histamine potentiate acupuncture whereas GABA and cyclic-AMP inhibit it. As such, anti-histamines, xanthene compounds like aminophyline, and GABA angonists like diazepam can all reduce the efficacy of acupuncture. Cholinergics and alpha-blockers enhance the effects of acupuncture, whereas anti-cholinergcis and beta-blockers reduce acupuncture efficacy. Clearly, it is important to know the patient’s medication status to determine how effective acupuncture can be potentially. (See Table 1)

Since CNS neurochemistry is altered, it is not surprising that CNS function will change. Endorphins are highly concentrated in the pituitary gland where alterations will lead to changes in the release of many pituitary hormones. Through the release of these hormones into the systemic circulation, regulation of internal homeostasis can be achieved. Body metabolism and immunologic responsiveness will be altered.


Segmentally, there is convergence of somatic and visceral afferent information. An example of this convergence is the presence of “referred pain” areas where visceral discomfort is manifest by sensitivity of somatic dermatomes. By reversing the process, visceral pain may be suppressed by stimulating appropriate somatic receptors which correspond to acupuncture points. Moreover, organ blood flow and activity of the autonomic nervous system regulating visceral function in the segment can be altered beyond mere pain relief.

Conclusion
The effects of acupuncture cannot be explained by a single mechanism. What starts as a local event spreads by way of the nervous system to affect most of the body. Ultimately the nervous system effects create changes in the endocrine system and the immune system. While the knowledge and theory behind the application of acupuncture in a clinical setting may be derived from antiquity, it has been modified and improved over the years. Much like modern Western medicine, acupuncture has evolved and its understanding developed with the passing years. Science is beginning to catch up and develop modern explanations for this ancient medical art. While there are likely to remain areas of traditional Chinese medicine appear to presently not have been proven scientifically, it may only be that we have not yet developed the means to evaluate them. Wisdom comes slowly in science.


Acupuncture has reached an all time high for popularity and acceptance, but there is still a long way to go in defining how to integrate acupuncture with modern Western medicine. While they can exist together for the mutual benefit of the patient, some Western drugs can alter the responses to acupuncture and vice versa. Traditional Chinese medical theory and pattern recognition must evolve and be characterized in terms of Western medical theory so that a unified theory can evolve. At the same time, the individualized patient care provided by TCM approaches should be preserved as acupuncture becomes part of mainstream Western medical care.
Table 1. Effects of Drugs on Acupuncture Responses.
	Decrease AP Effectiveness
	Increase AP Effectiveness

	· corticosteroids

· opiates

· propranolol

· diazepam
· theophyline
· (-adrenergic drugs
· atropine
	· phenoxybenzamine

· substance P

· histamine

· cGMP
· ß-adrenergic drugs
· eserine
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Figure 1. MRI image of the spinal column of a dog indicating the location of the inner bladder meridian. The dorsal spinal nerve branches and ascends between the epaxial muscles toward the body surface. The deepest level of the point is located at the level of the articular processes where the spinal nerve exits the intervertebral foramen.
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Figure 2. MRI of spinal cord indicating major acupuncture pathways. Sensory inputs (fast conducting A. and slow conducting B.) fibers synapse in the dorsal horn on second order neurons. The fast conducting fibers synapse on fibers (C.) which inhibit transmission on the central pain fibers (D.) The central pain fibers cause ipsilateral flexion and contralateral extension of muscles by stimulating flexor and extensor motor neurons. In addition, these fibers (D.) ascend the spinal cord in the lateral spinoreticulothalamic tract where they activate high pain control centers. In animals, much of the ascending pain information is bilateral, although a major portion still travels up the spinal cord on the contralateral side. Further control of segmental pain transmission occurs from descending fibers (E.) in the dorsolateral tracts. The dorsolateral tracts are largely serotonergic and noradrenergic neurons which inhibit segmental pain transmission.
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